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194. The Action of Benzoyl Chloride and of Hydrogen Sulphide on 
Cyclic Methyleneamines. 


By JOHN GRAYMORE. 


BENZOYL chloride added to aqueous solutions of the bases produced gluey masses which 
gradually decomposed, giving formaldehyde and benzoalkylamides in practically theoretical 
yields according to the equation 


2(R-N:CH,), + 3Ph-COCl + 6H,O = 3R:NH-COPh + 3R-NH,,HCl + 6CH,O 


The anhydrous bases in dry ether yielded with benzoyl! chloride immediate precipitates 
of additive compounds, (R*N:CH,)3,Ph°COCl. These are unstable in moist air and 
decompose readily in water, liberating formaldehyde and the amide of the primary base. 
Probably the additive compound first reacts with water as pyridine acid chlorides do with 
alkali, and hydrolysis ensues : 


R-NH-COPh + 3CH,0 + 
x "oh + HCl —> )RNH, + R-NH,,HCI 


COPh 
-OH q 


An aqueous solution of trimethyltrimethylenetriamine at 0° saturated with hydrogen 
sulphide slowly evolved methylamine and subsequently gave the substance C,;H,NS, m. p. 
and mixed m. p. 138°, obtained by Le Févre from methylamine, formaldehyde, and 
hydrogen sulphide (J., 1932, 1142). At the ordinary and at higher temperatures methyl- 
amine was evolved rapidly and the final product was methyithioformaldin (Wohl, Ber., 
1886, 19, 2345). 

Hydrogen sulphide and trimethyltrimethylenetriamine in dry ether gave a hydrosulphide, 
(Me-N:CH,)3,H,S. This salt decomposed rapidly in moist air; in aqueous solution methyl- 
amine was evolved and methylthioformaldin was ultimately deposited. These results 
indicate hydrolysis of the base in the presence of hydrogen sulphide as a first stage to give 
Me-NH-CH,:OH, followed by reaction with hydrogen sulphide : Me-NH-CH,°OH + H,S = 
Me-NH, + SH-CH,°OH. Condensation would then take place as suggested by Le Févre : 


SH CH,OH _ $——CH, 
CH,-OH T NHMe CH,—NMe + 0 





EXPERIMENTAL. 


Tris-B-phenylethylirimethylenetriamine.—8-Phenylethylamine hydrochloride (1 mol.) was 
dissolved in a small quantity of water, and a 40% solution of formaldehyde (1 mol.) added, 
followed by an excess of sodium hydroxide a little at a time with shaking. Much heat was 
developed, a gelatinous mass separating. The reaction was completed by gentle warming and 
vigorous shaking, the base separating as a clear liquid. It was extracted with ether, dried over 
barium oxide, and obtained, on distillation, as a pale yellow oil with a peculiar odour, b. p. 
255° [Found : C, 81-1; H, 8-2; N, 10-5; M, in benzene, 380. (CgH,N:CH,), requires C, 81-2; 
H, 8-3; N, 10-5%; M, 399]. The hydrochloride, precipitated by dry hydrogen chloride from 
ethereal solution, decomposed readily in air or on warming, giving formaldehyde and 8-phenyl- 
ethylamine hydrochloride. 

Action of Benzoyl Chloride on Trimethylirimethylenetriamine.—The freshly distilled triamine 
(1 mol.) was dissolved in dry ether and treated with a solution of benzoyl chloride (1 mol.) in 
dry ether, added a little at a time. Heat was developed, a heavy white solid separating. The 
supernatant liquor was quickly decanted and the additive compound was washed rapidly several 
times with dry ether and dried in a vacuum over calcium oxide; attempts to crystallise it from 
chloroform usually resulted in decomposition [Found : Cl, 13-1. (C,H,;N);,C,H,*COCI requires 
Cl, 13-2%]. 
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Hydrolysis. 5 G. of the above solid were added to a small quantity of water. Formaldehyde 
was liberated, the smell of the base became apparent, and an oil separated, which crystallised 
after several days and, after recrystallisation from ether, had m. p. and mixed m. p. (with 
benzomethylamide) 78—80°. Hydrochloric acid was added to the residual liquor, the excess of 
formaldehyde removed by boiling, and the methylamine hydrochloride recovered by evapor- 
ation and purification in the usual way. 

Triethyltrimethylenetriamine—Benzoyl Chloride.—This separated as a white solid, soluble 
in chloroform, when the base (1 mol.) in dry ether was mixed with benzoyl chloride. It was 
purified and dried as described above [Found: Cl, 11-2. (C,;H,N)3,C,H,*COCI requires Cl, 
11-4%]. Hydrolysis with a small quantity of water gave benzoethylamide, m. p. (after recrystal- 
lisation from water) and mixed m. p. 67°. 

Action of Benzoyl Chloride on Tris-B-phenylethylirimethylenetriamine.—The base appeared 
to yield with benzoyl chloride a similar additive compound as a gelatinous mass. On hydrolysis 
with water a sticky solid was obtained with evolution of formaldehyde. The former was 
extracted with ether and a little hydrochloric acid. The ethereal layer on drying over sodium 
sulphate deposited crystals of benzo-f-phenylethylamide, m. p. and mixed m. p. 110°. 8-Phenyl- 
ethylamine hydrochloride was recovered on evaporation and crystallisation of the aqueous acid 
layer. 
Action of Dry Hydrogen Sulphide on Anhydrous Trimethyltrimethyleneiriamine.—The base 
(10 g.), distilled over barium oxide and dissolved in anhydrous ether, was saturated with dry 
hydrogen sulphide (over phosphoric oxide) at 0°. After 48 hours, the ether was rapidly removed 
from the long needle-like crystals of the hydrosulphide and this was dried in a vacuum over 
anhydrous sodium sulphate [Found: S, 19-6. (CH,°N:CH,);,H,S requires S, 19-6%]. It 
dissolved readily in hydrochloric acid with liberation of hydrogen sulphide. Addition of excess 
of caustic soda to the solution precipitated methylthioformaldin (mixed m. p. 65°). 

Preparation of Methylthioformaldin.—A solution of methylamine hydrochloride (20 g.) 
in 100 c.c. of water was treated with 40% formaldehyde (80 g.) and cooled, and sodium hydr- 
oxide (13 g.), dissolved in a small quantity of water, was added slowly with cooling. After 2 
hours the solution was saturated with hydrogen sulphide and kept. The first crop of crystals 
was then removed, and the solution again saturated with hydrogen sulphide. This treatment 
was repeated until there was no further deposition (yield, 32 g.). Methylthioformaldin hydro- 
bromide formed monoclinic crystals from water, m. p. 170° (Found: Br, 36-9. C,H,NS,,HBr 
requires Br, 37-0%). 

STocCKPORT COLLEGE. [Received, March 2nd, 1935.] 





195. Synthetical Experiments in the Chromone Group. Part XVI. 
Chalkones and Flavanones and their Oxidation to Flavones by Means 
of Selenium Dioxide. 


By HARBHAJAN S. MAHAL, HARCHARAN S. RAI, and KRISHNASAMI 
VENKATARAMAN. 


ALTHOUGH resacetophenone does not react with benzaldehyde in presence of alkali to 
yield the chalkone (contrast Ellison, J., 1927, 1720; see also Shinoda and Sato, J. Pharm. 
Soc. Japan, 1928, 48, 109), its 4-benzyl ether (Gulati, Seth, and Venkataraman, J., 1934, 
1765) readily gives chalkones (I, R = O*CH,Ph) with benzaldehyde, anisaldehyde, p-benzyl- 
oxybenzaldehyde, and 3 : 4-dibenzyloxybenzaldehyde; a free hydroxyl is thus permissible 
in the ortho-position to the ketonic group. Debenzylation of the compounds to poly- 
hydroxychalkones was not feasible, except in the first case, where a small amount of 
2 : 4-dihydroxychalkone (Shinoda and Sato, loc. cit.) was obtained. Treatment with 
phosphoric acid in alcohol (Dean and Nierenstein, J. Amer. Chem. Soc., 1925, 47, 1680) 
gave the flavanones (II), which could be debenzylated in the usual way. 

2 : 3-Dihydro-8-naphthaflavone (III) gave with selenium dioxide in xylene the naphtha- 
flavone and not the naphthaflavonol, though this oxidising agent is specific for the con- 
version of CH, into CO (Miller, Ber., 1933, 66, 1668; Evans, Ridgion, and Simonsen, J., 
1934, 137; Chakravarti and Swaminathan, J. Indian Chem. Soc., 1934, 9,715). o-Hydroxy- 
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chalkones (I) themselves are smoothly converted into flavones by selenium dioxide. Algar 
and Flynn (Proc. Royal Irish Acad., 1934, Ser. B, 42, separate issue) have shown that 


CH, 
0 OC’ CHPh 
\ 0 


OH CHY YR’ 
i@isere R’ CH, VY 
O 
(I.) (II.) (III.) 


flavonols are produced by the oxidation of chalkones with alkaline hydrogen peroxide. 
Flavone, 7-benzyloxyflavone, and 7-benzyloxy-4'-methoxyflavone can be obtained from the 
appropriate chalkones. The two benzyl ethers were unaffected by hydrochloric acid in 
acetic acid; hydrobromic acid effected debenzylation, but the product from the latter 
ether was 7 : 4’-dihydroxyflavone, not pratol. 

The interaction of 1l-acetyl-2-naphthol with cinnamaldehyde and alkali produced 
3-styryl-2 : 3-dihydro-1 : 4-Ba-naphthapyrone (as III), treatment of which with selenium 
dioxide gave 3-styryl-1 : 4-B«-naphthapyrone, identical with the substance prepared by the 
method of Heilbron, Barnes, and Morton (J., 1923, 123, 2565; see Cheema, Gulati, and 
Venkataraman, J., 1932, 926). 

EXPERIMENTAL. 

The chalkones were prepared by method 2 of Mahal and Venkataraman (J., 1933, 617). 
For conversion into flavanone the chalkone (2 g.) in absolute alcohol (250 c.c.) was treated with 
phosphoric oxide (11 g.) and water (20 c.c.), and the mixture refluxed for 48—72 hours. After 
removal of the major portion of the alcohol the separated chalkone was collected; the more 
soluble flavanone was recovered from the mother-liquor and crystallised from aqueous alcohol 
until it did not give a ferric chloride coloration. 

2-Hydroxy-4-benzyloxyphenyl styryl ketone formed bright yellow leaflets, m. p. 135°, from 
alcohol-—acetic acid (Found : C, 79-9; H, 5-6. C,.H,,O, requires C, 80-0; H, 5-4%). 7-Benzyl- 
oxyflavanone, thin, very pale yellow leaflets, m. p. 104° after sintering at 102° (Found: C, 79-8; 
H, 5-5. C,y,H,,0, requires C, 80-0; H, 5-4%). 2-Hydroxy-4-benzyloxyphenyl 4-methoxy- 
styryl ketone, orange-yellow needles, m. p. 132—133° (Found: C, 76-5; H, 5-3. (C,3H,,O, 
requires C, 76-7; H, 5-5%). 7-Benzyloxy-4’-methoxyflavanone, long, pale yellow needles, m. p. 
114° (Found: C, 76-5; H, 5-6. C,,;H,,.O,4 requires C, 76-7; H, 5-5%). 2-Hydroxy-4-benzyl- 
oxyphenyl 4-benzyloxystyryl ketone, stout, bright yellow needles, m. p. 139° (Found: C, 79-8; 
H, 5-4. C,9H,,O, requires C, 79-8; H, 5-5%). 

3 : 4-Dibenzyloxybenzaldehyde.—Protocatechualdehyde was treated with benzyl chloride and 
potassium carbonate in acetone, and the excess of benzyl chloride removed by steam-distillation. 
The oily product crystallised from aqueous alcohol in long, shining, colourless needles, m. p. 
93° (Found: C, 79-1; H, 5-7. C,,H,,0O,; requires C, 79-3; H, 5-7%). 2-Hydroxy-4-benzyloxy- 
phenyl 3 : 4-dibenzyloxystyryl ketone formed bright yellow needles, m. p. 137° (Found: C, 79-7; 
H, 5-6. C,,H,,O,; requires C, 79-7; H, 5-5%). 2-Hydroxy-4-methoxyphenyl 4-benzyloxystyryl 
ketone, orange-yellow needles, m. p. 125—126° (Found: C, 76-4; H, 5-5. C,,;H,,O, requires 
C, 76-7; H, 5:5%). 7-Methoxy-4’-benzyloxyflavanone, pale yellow needles, m. p. 98—99° 
(Found: C, 76-7; H, 5-5. C,3H,,O,4 requires C, 76-7; H, 5-5%). 

4’-Hydroxy-7T-methoxyflavanone.—After debenzylation of the last compound by means of 
hydrochloric acid in acetic acid, the mixture was steam-distilled. The oily residue was taken 
up in ether, the ethereal solution extracted with 5% aqueous caustic soda, and the alkaline layer 
acidified and again extracted with ether. Removal of the ether and crystallisation from dilute 
alcohol gave pale yellow needles, m. p. 160° (Found: C, 71-0; H, 5-2. C,,H,,0O, requires C, 71-1; 
H, 5-1%). The alcoholic solution gave a brown colour with ferric chloride. 

8-Naphthaflavone.—A mixture of 8-naphthaflavanone (III) (0-5 g.), selenium dioxide (0-7 ga, 
and xylene (5 c.c.) was heated at 140—150° (oil-bath) for 5 hours. Selenium dioxide was 
filtered off and washed with ether. The ether—xylene was extracted with 10% caustic soda 
solution; acidification of the alkaline layer gave no precipitate. Removal of the ether—xylene 
and crystallisation of the residue from alcohol gave B-naphthaflavone, m. p. 163°, undepressed 
by admixture with an authentic specimen (Menon and Venkataraman, J., 1931, 2592). 

Flavone.—o-Hydroxypheny] styryl ketone (3 g.), selenium dioxide (3 g.), and amyl alcohol 
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(30 c.c.) were heated (oil-bath at 150°) under reflux for 12 hours. After removal of the selenium 
and its washing with ether, the ether—amyl] alcohol solution was extracted with 10% aqueous 
caustic soda; nothing was obtained by acidification of the alkaline layer. Ether and amyl 
alcohol were removed by steam-distillation; the pale brown, oily residue crystallised from 
petroleum (b. p. 50—60°) in long colourless needles (1-3 g.) of flavone, m. p. 99°. 

7-Benzyloxyflavone.—2-Hydroxy-4-benzyloxyphenyl styryl ketone (2 g.) was oxidised as in 
the previous case, the selenium filtered off, and amyl alcohol removed by steam-distillation. 
The residual solid crystallised from aqueous acetic acid in long colourless needles (0-7 g.), m. p. 
187° (Found: C, 80-3; H, 4-6. C,,H,,O, requires C, 80-5; H, 4-:9%). Debenzylation (Gulati, 
Seth, and Venkataraman, Joc. cit.) with acetic acid and hydrobromic acid saturated at 0° gave 
colourless needles of 7-hydroxyflavone, m. p. 240° (Found: C, 75-6; H, 4-4. Calc. for C,,H,9; : 
C, 75-6; H, 42%). 

7-Benzyloxy-4’-methoxyflavone.—The oxidation and isolation were effected as in the previous 
case. Two crystallisations from alcohol gave yellow needles, m. p. 137° (Found: C, 76-9; H, 5-0. 
C,3;H,,0O, requires C, 77-1; H, 5-0%). Treatment with hydrobromic acid in acetic acid and 
addition of water gave a gelatinous precipitate, which was collected and crystallised from 50% 
acetic acid. The pale yellow needles obtained melted at 310—311° (Kostanecki and Osius, 
Ber., 1899, 32, 321, give m. p. 315°) (Found: C, 70-6; H, 3-7. Calc. for C,;H,,O,: C, 70-9; 
H, 3-9%). The other properties of the product were similar to those described by Kostanecki 
and Osius for 7 : 4’-dihydroxyflavone; pratol (Robinson and Venkataraman, J., 1926, 2346) 
melts at 262°. 

3-Styryl-2 : 3-dihydro-1 : 4-Ba-naphthapyrone——A mixture of l-acetyl-2-naphthol (5 g.), 
cinnamaldehyde (3-7 g.), absolute alcohol (50 c.c.), and 50% caustic soda solution (10 g.) was 
kept for 48 hours and then poured into water. The precipitate was washed with water and 
twice crystallised from alcohol, giving colourless woolly needles (4-2 g.), m. p. 144° (Found : 
C, 84:1; H, 5-1. C,,H,,O, requires C, 84:0; H, 53%). They developed no coloration with 
alcoholic ferric chloride. 

3-Styryl-1 : 4-Ba-naphthapyrone.—(1) The hydrolysis of 2-acetyl-3-methyl-1 : 4-8a-naphtha- 
pyrone (Menon and Venkataraman, /oc. cit.) was most conveniently carried out by boiling with 
5% sodium carbonate solution for 2 hours. The 3-methyl-1 : 4-8«-naphthapyrone obtained 
condensed with benzaldehyde in presence of alcoholic sodium ethoxide to give the 3-styryl 
compound, very pale yellow, woolly needles from alcohol, m. p. 200° (Found: C, 84-4; H, 4-5. 
C,,H,,0O, requires C, 84-5; H, 4-7%). The substance was coloured deep yellow by sulphuric 
acid and the yellow solution exhibited a bright green fluorescence. (2) Oxidation of 3-styryl- 
2 : 3-dihydro-1 : 4-8a-naphthapyrone (0-3 g.) with selenium dioxide was effected in xylene 
solution, the method of isolation following the instance of 8-naphthaflavone. One crystallisation 
from alcohol-acetic acid gave very pale yellow needles (0-1 g.), m. p. 200°, undepressed by 
admixture with the previous specimen. 


One of us (H. S. M.) thanks the Trustees of the Panjab Research F und for the award of the 
Rai Bahadur Chela Ram Scholarship. 


FORMAN CHRISTIAN COLLEGE, LAHORE. [Received, January 14th, 1935.] 





196. Synthetical Experiments in the Chromone Group. Part XVII. 
Further Observations on the Action of Sodamide on o0-Acyloxyaceto- 
phenones. 


By Diwan C. BHALLA, HARBHAJAN S. MAHAL, and KRISHNASAMI VENKATARAMAN. 


FURTHER examples are now recorded of the production of dibenzoylmethanes from o- 
benzoyloxyacetophenones in presence of sodamide (Mahal and Venkataraman, J., 1934, 
1767; Current Sci., 1933, 2,214; compare Baker, J., 1933, 1381). 

Two substances, both convertible into flavone, were obtained from o-benzoyloxy- 
acetophenone and sodamide; one was o-hydroxydibenzoylmethane, identical with the 
product of the hydrolytic fission of flavone (Miiller, J., 1915, 107, 872). The interaction of 
sodamide with the o-methoxy- and the 2 : 4-dimethoxy-benzoyl derivative of o-hydroxy- 
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acetophenone gave complex mixtures, from which homogeneous material was not isolable. 
2-Benzoyloxy-5-benzyloxyacetophenone behaved normally and led through the diketone 
to 6-benzyloxy- and 6-hydroxy-flavone. 1-Acetyl-2-naphthyl benzoate yielded an oil, 
which consisted mainly of the diketone and gave $-naphthaflavone on treatment with 
sulphuric acid; fractionation of the oil, however, gave a small amount of a substance of 
undetermined structure. 1-Acetyl-2-naphthyl o-methoxybenzoate provided an example of 
partial direct conversion into the pyrone. 

2-Acetyl-1-naphthyl cinnamate and p-methoxycinnamate gave the respective diketones 
(I, R = Phor p-C,H,-OMe), transformable in the usual way into the 2-styrylnaphthapyrones 
(II) identical with the substances prepared by the Heilbron method. The production of 
(I) is noteworthy, since the unsaturated diketone cannot be prepared by a Claisen con- 
densation between 2-acetyl-l-naphthol and ethyl cinnamate (Cheema, Gulati, and Venka- 
taraman, J., 1932, 926). In the case of the #-methoxycinnamate the diketone was 
accompanied by the styrylpyrone. 

C-CH:CHR 
OH wf \oH 


— © 6 ines i ai 


\ 


In line with the observation that an w-substituent in an o-hydroxyaryl methyl ketone 
is an aid to chromone formation (Chadha, Mahal, and Venkataraman, J., 1933, 1460), 
2-phenylacetyl-1-naphthy]l acetate led directly to 3-phenyl-2-methy]l-1 :4-«-naphthapyrone. 
The cinnamate behaved similarly and gave the analogous 2-styryl compound. 


EXPERIMENTAL. 


The acid chlorides were prepared by means of thionyl chloride and crystallised from light 
petroleum. The O-acyl derivatives of the ketones were prepared in pyridine solution. When 
the product was difficult to crystallise or gave a coloration with ferric chloride, it was taken up 
in ether and washed with weak caustic soda solution; the material recovered from the ethereal 
layer was crystallised from alcohol. The sodamide reaction was carried out by mechanically 
shaking a mixture of the O-acyl derivative with twice its weight of sodamide and a convenient 
volume of ether in a glass-stoppered bottle for 1—10 days. The bulky precipitate was washed 
with ether and decomposed with ice and acetic acid. 

o-Hydroxydibenzoylmethane.—Crystallisation of the brown semi-solid mass from a large 
volume of light petroleum (b. p. 50—60°) gave a mixture of large orange prisms (A) and tiny 
yellow plates (B), which were mechanically separated and recrystallised. The former, m. p. 
110—111° (Found *: C, 77-2; H, 4-7. C,;H,,0, requires C, 75-0; H, 5-0%), gave a bright 
red colour with alcoholic ferric chloride. (B), m. p. 121—122°, was identified as o-hydroxy- 
dibenzoylmethane (Miller, Joc. cit.) (Found *: C, 75:2; H, 5-2. Calc. for C,;H,,0,: C, 75-0; 
H, 5-0%). A mixture of (A) and (B) melted at 95—100°. Treatment of (A) or (B) with 
sulphuric acid gave long colourless needles (from light petroleum) of flavone, m. p. 99° (Found * : 
C, 81:3; H, 4-7. Calc. for C,;H,,O,: C, 81-1; H, 45%). 

o-A cetylphenyl o-methoxybenzoate had m. p. 81° (Found: C, 71-1; H, 5-0. C,.H,,O, requires 
C, 71-1; H, 5-2%), and o-acetylphenyl 2 : 4-dimethoxybenzoate formed colourless plates, m. p. 
77° (Found: C, 68-0; H, 5-3. C,,H,,O, requires C, 68-0; H, 5-3%). 

2-Hydroxy-5-benzyloxyacetophenone.—Benzylation as in the case of resacetophenone (Gulati, 
Seth, and Venkataraman, J., 1934, 1766) and successive crystallisations from alcohol and light 
petroleum gave pale yellow plates, m. p. 70° (Found: C, 74-6; H, 5-4. C,;H,,0O; requires 
C, 74-4; H, 5-8%). The alcoholic solution gave a deep greenish-brown colour with ferric 
chloride. 

2-Benzoyloxy-5-benzyloxyacetophenone formed stout, pale yellow needles from ligroin, m. p. 
68° (Found: C, 76-2; H, 5-3. C,,H,,O, requires C, 76-3; H, 5-2%), and 2-hydroxy-5-benzyl- 
oxydibenzoylmethane long, deep yellow needles, m. p. 103—104° (Found: C, 76-1; H, 4-9. 
C,,H,,0, requires C, 76-3; H, 5-2%), giving a dark brown ferric chloride coloration. 

6-Benzyloxyflavone formed stout cream-coloured needles, m. p. 144—145° (Found: C, 
80-4; H, 4-6. C,,H,,O, requires C, 80-5; H, 4-:9%). Debenzylation gave colourless woolly 
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needles of 6-hydroxyflavone, m. p. and mixed m. p. with the substance prepared by the Robinson 
method (Chadha and Venkataraman, J., 1933, 1075), 234°. 

1-Acetyl-2-naphthyl benzoate formed colourless rectangular plates, m. p. 85—86° (Found : 
C, 78-8; H, 4-5. ©, .H,,O, requires C, 78-6; H, 4:8%). ' 

8-Naphthaflavone.—The dark brown oily product at the end of the sodamide reaction was 
taken up in ether, washed with 5% sodium carbonate solution, then with water, and dried, 
and the ether removed. Crystallisation of the semi-solid residue from chloroform-ligroin gave 
a minute amount of colourless plates, m. p. 171° (Found* : C, 74:0; H, 4:3. C,,H,,O, requires 
C, 78-6; H, 48%). The colourless solution in sulphuric acid exhibited a deep green fluorescence 
and the alcoholic solution gave no colour with ferric chloride. The sticky residue obtained 
by evaporation of the chloroform-ligroin mother-liquor was treated with sulphuric acid and 
led to 8-naphthaflavone, m. p. 163°, identical with the substance previously described (Menon 
and Venkataraman, J., 1931, 2594) (Found*: C, 83-7; H, 4-5. Calc. for C,,H,,0,: C, 83-8; 
H, 44%). 

1-Acetyl-2-naphthyl o-methoxybenzoate formed thick colourless plates, m. p. 102—103° 
(Found: C, 75-2; H, 4-8. C,,.H,,O,4 requires C, 75-0; H, 5-0%). 

2’-Methoxy-B-naphthaflavone.—The dark-brown semi-solid product of the sodamide reaction 
gave on repeated crystallisation from acetone or on treatment with sulphuric acid and crystallis- 
ation from alcohol cream-coloured cubes of the methoxynaphthaflavone, m.p. 188—189° (Found* : 
C, 79-5; H, 4-7. C,,H,,0, requires C, 79-5; H, 4-6%). 

2-Acetyl-1-naphthyl cinnamate formed colourless shining needles, m. p. 111° (Found: C, 
79-8; H, 4-8. C,,H,,O, requires C, 79-8; H, 5-1%). 

«-Cinnamoyl-2-acetyl-1-naphthol (I, R = Ph) crystallised from alcohol-acetic acid in long, 
bright orange needles, m. p. 158° (Found: C, 79-7; H, 4-8. C,;H,,O3 requires C, 79-8; H, 
5-1%), giving a deep brown colour with alcoholic ferric chloride. 

2-Styryl-1 : 4-a-naphthapyrone (II, R = Ph) formed golden-yellow prisms from aqueous 
alcohol, m. p. 177° (Found: C, 84-3; H, 4-6. C,,H,,O, requires C, 84-5; H, 4-7%). 

2-Acetyl-1-naphthyl p-methoxycinnamate formed long, colourless, flat needles from alcohol, 
m. p. 137—138° (Found: C, 76-4; H, 5-1. C,.H,,0,4 requires C, 76-3; H, 5-2%). 

w-p-Methoxycinnamoyl-2-acetyl-1-naphthol (I, R = p-C,H,OMe) formed brownish-yellow 
needles from glacial acetic acid, m. p. 176—177° (Found* : C, 76-3; H, 5-3. C,,H,,O, requires 
C, 76-3; H, 52%). Addition of water to the mother-liquor and crystallisation of the pre- 
cipitate from aqueous acetic acid gave long, lustrous, yellow needles of the 2-p-methoxystyryl- 
pyrone, m. p. 207° (see below). 

2-p-Methoxystyryl-1 : 4-a-naphthapyrone (II, R = p-C,H,’OMe).—Ring closure of the di- 
ketone was best effected by boiling alcoholic sulphuric acid. The long golden-yellow needles 
melted at 207° (Cheema, Gulati, and Venkataraman, J., 1932, 931) (Found*: C, 80-3; H, 4-9. 
Calc. for C,,H,,0,: C, 80-5; H, 49%). 

3-Phenyl-2-methyl-1 : 4-a-naphthapyrone——The product (A) of the sodamide reaction was 
filtered off and washed with ether. Removal of ether from the filtrate and two crystallisations 
from aqueous alcohol gave the pyrone, m. p. 203—204° (Cheema and Venkataraman, J., 1932, 
922). Treatment of (A) with acetic acid and crystallisation of the semi-solid orange mass gave 
more of the pyrone. 

2-Phenylacetyl-1-naphthyl cinnamate formed yellow triangular plates, m. p. 146—147° 
(Found: C, 82-6; H, 4:9. C,,H,,O, requires C, 82-6; H, 5-1%). 

2-Styryl-3-phenyl-1 : 4-a-naphthapyrone.—Worked up in the usual way after the sodamide 
reaction, the semi-solid orange product crystallised from alcohol-acetic acid in long, pale 
cream-coloured needles, m. p. 262—263° (Cheema, Gulati, and Venkataraman, J., 1932, 929). 


One of us (H. S. M.) thanks the Trustees of the Panjab Research Fund for the award of the 
Rai Bahadur Chela Ram Scholarship. 


FORMAN CHRISTIAN COLLEGE, LAHORE. [Received, January 14th, 1935.] 


* Microanalyses by Dr. Friedrich Fischer, Frankfurt-am-Main. 
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197. The Mechanism of Diazotisation. 


By J. RemLty and P. J. Drumm. 


THE generally accepted view of the mechanism of diazotisation of aromatic amines is that 
first advanced by Hantzsch and Schiimann (Ber., 1899, 32, 1691), according to whom 
interaction takes place between arylammonium ions ArNHsg, resulting from the ionisation 
of the amine salt, and undissociated nitrous acid. It follows that (1) amines of different 
basicities should, in the absence of excess of mineral acid, diazotise at different rates, the 
order of which should coincide with the order of the basicities; (2) the rate of diazotisation 
of an amine should not be appreciably altered by the presence of a greater amount of acid 
than that necessary for the prevention of hydrolysis of the amine salt. 

The present work was undertaken, at the suggestion of Professor Robinson, to test the 
correctness of the above view. Three amines were chosen in which a strongly positive 


pole NMe, was attached to the nucleus (I) or separated from it by one (II) or two (III) 
+ 


methylene groups. In (I) the positive pole NMe, will induce a drift of the unshared salt- 
forming electrons of the amino-nitrogen atom in its direction, thereby reducing the tendency 


of the nitrogen atom to attract positive ions (H) and so leading to a depression of the basic 
character of the amino-group. In (II) and still more in (III) the attraction of these 


HNC NMe,Cl HNC CH,NMe,Cl HNC >CH,-CH,-NMe,CI 
(I.) (II.) (III) 


electrons by the positive pole will be decreased by the insertion of the neutral methylene 
group or groups, the result being a strengthening of the basicity of the amino-group. 
The order of basicity of these amines will be, therefore, (III) > (II) > (I) and, according 
to the mechanism of Hantzsch and Schiimann, the rate of diazotisation of (III) should be 
greatest and that of (I) least. 

The results in the following table (column 2) are in agreement with this view, and 
further support for the Hantzsch—Schiimann theory is the fact that the rate of diazotisation 
of any particular amine is practically the same whether two or four molecules excess of 
hydrochloric acid are present. 


Temp. 1°. k = Velocity constant = 1/t. x/a(a — x). 
RNH,Cl + HCl + RNH,Cl + 2HC1+ RNH,Cl + 4HCl + 
O H ‘ 


Amine. RNH,Cl + HNO,. HNO,,. NO,. HNO, 
k. k. k. k. 

(I) 0-012 0-033 0-040 0-041 

(II) 0-022 0-036 0-038 0-039 

(III) 0-027 0-038 0-039 0-038 


A further conclusion to be drawn from these results, and those obtained by Hantzsch 
and Schiimann (loc. cit.) for other aniline bases, is that the ions of the bases, in the presence 
of excess of mineral acid, are converted at approximately the same rate into diazonium 
ions. 

On account of the very rapid formation of diazonium salts in concentrated solution, 
the rate of reaction was measured in N/1000-solution, where it is so retarded as to be 
capable of more accurate measurement. Further, as the formation of diazonium salt 
proceeds somewhat irregularly at the commencement, the speed of the reaction is best 
calculated after a certain interval. 

Hantzsch and Schiimann (loc. cit.) measured rates of diazotisation indirectly by 
estimation of the free nitrous acid from time to time with starch-iodide. This method 
proved unsuitable in the present instance, and the rates were calculated by direct measure- 
ment of the amount of diazonium salt present at various intervals of time: the diazonium 
solution was coupled with an alkaline solution of Schaeffer’s acid, and the solution of the 
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resulting azo-dye was matched in a colorimeter with one similarly and simultaneously 
prepared from a completely diazotised solution of the amine. 

For the preparation of p-aminobenzyltrimethylammonium chloride hydrochloride (as 11), 
p-nitrobenzyl chloride was condensed with dimethylamine, the product reduced and acetyl- 
ated, the acetyl derivative converted into the quaternary chloride, and the acetyl group 
split off by heating with hydrochloric acid. §-p-Aminophenylethyltrimethylammonium 
chloride (III) was prepared from §-phenylethyldimethylamine, the quaternary picrate 
of which was nitrated, giving, as Goss, Hanhart, and Ingold (J., 1927, 257) have shown, 
70% of the p-nitro-compound; this was smoothly reduced by stannous chloride, and the 
amine (III) isolated as the hydrochloride. 

The diazonium salts obtained from the above amines show pronounced stability, that 
from (I) being the most stable and that from (III) the least stable. 


EXPERIMENTAL. 


p-Aminophenyltrimethylammonium chloride hydrochloride (as I), prepared from p-amino- 
dimethylaniline according to Pinnow and Koch (Ber., 1897, 30, 2861), crystallised from methyl 
alcohol in colourless, slightly hygroscopic prisms, m. p. 219° (decomp.), freely soluble in water, 
moderately soluble in hot methyl alcohol, and insoluble in absolute ethyl] alcohol. 

p-A minobenzylirimethylammonium Chloride Hydrochloride (as I1).—p-Nitrobenzyldimethyl- 
amine was obtained by Stedman’s method (J., 1927, 1905) as a yellow oil, b. p. 150°/20 mm., 
with a pronounced ammoniacal odour. The picrate separated from alcohol in clusters of yellow 
prisms, m. p. 151° (Found: N, 16-9. C,;H,,O,N, requires N, 17-1%). Reduction with 
stannous chloride at 100° gave a 60% yield (compare Stedman) of p-aminobenzyldimethyl- 
amine as a colourless viscous oil of pronounced basic odour, b. p. 136—137°/20 mm., readily 
soluble in water. The azo-8-naphthol derivative was obtained from alcohol in reddish needles, 
m. p. 129-5° (Found: N, 13-6. C,,H,,ON,; requires N, 13-8%). The preceding base in benzene 
solution was acetylated with a similar solution of acetic anhydride (1-25 mols.), and the oil 
left after removal of the solvent was treated with sodium hydroxide solution. Chloroform 
then extracted a solid which, after repeated crystallisation from benzene-light petroleum 
(b. p. 40—60°), gave colourless blades, m. p. 103°, of p-acetamidobenzyldimethylamine (Found : 
N, 14:3. C,,H,,ON, requires N, 14-6%). This was boiled in benzene solution with methyl 
iodide (1 mol.) and the precipitated salt was washed with hot benzene, dried, and extracted 
with hot water, from which, on cooling, p-acetamidobenzylirimethylammonium iodide separated 
in colourless cubes, m. p. 232° (Found: N, 8-3; I, 37-8. C,sH,,ON,I requires N, 8-4; I, 
38-0%). A hot aqueous solution of the iodide was digested with freshly prepared, moist silver 
chloride (1 mol.), and the filtered solution strongly acidified with hydrochloric acid and evaporated 
to dryness on the water-bath. The semi-solid residue on trituration with absolute ethyl alcohol 
gave p-aminobenzylirimethylammonium chloride hydrochloride, which crystallised from boiling 
anhydrous methyl alcohol in colourless prisms, shrinking to a clear, amber-coloured, glassy 
liquid at 194—196° and melting and decomposing at 270° (Found: N, 11-7; Cl, 29-7. 
C,)H,,N,Cl1,HCl requires N, 11-8; Cl, 29-9%). This salt is moderately readily soluble in hot 
methyl alcohol, practically insoluble in absolute ethyl alcohol, and is extremely hygroscopic. 

6-p-A minophenylethylirimethylammonium Chloride Hydrochloride (as II1I).—When §-phenyl- 
ethyldimethylamine (Decker and Becker, Ber., 1912, 45, 2406) was treated in benzene solution 
with methyl iodide (1 mol.), the quaternary iodide separated almost immediately; it was 
obtained from hot water in colourless plates, m. p. 231° (Found: I, 43-7. Calc. for C,,H,,NI: 
I, 43-6%). The picrate, prepared from sodium picrate and the iodide in hot aqueous solution, 
crystallised from alcohol in clusters of yellow prisms, m. p. 131° (Found: N, 14-4. Calc. for 
Cy7HgyO,N,: N, 14:3%). It (12 g.) was nitrated in nitric acid (90 g., d 1-5) at — 5° according 
to Goss, Hanhart, and Ingold (/oc. cit.). The nitric acid solution was mixed with ice and rendered 
faintly alkaline with sodium hydroxide solution; on cooling, the nitro-picrates separated. 
Three crystallisations from boiling alcohol gave §-p-nitrophenylethyltrimethylammonium 
picrate in short yellow prisms, m. p. 145—146°. This compound (11 g.) in concentrated hydro- 
chloric acid (200 c.c.) was shaken with benzene to remove picric acid, and then reduced with 
stannous chloride (25 g.) at 100° during 1 hour. The solution was concentrated and kept and 
the tin double salt (11 g.) was separated and dissolved in water, tin removed as sulphide, and 
the filtrate evaporated to dryness on the water-bath. The residue crystallised from boiling 
methyl alcohol in colourless, very hygroscopic prisms, m. p. 283° (decomp.) (Found: N, 11-0; 
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Cl, 28-4. C,,H,,N,CI,HCl requires N, 11-1; Cl, 28-2%), of B-p-aminophenylethylirimethyl- 
ammonium chloride hydrochloride, moderately soluble in boiling methyl alcohol and almost 
insoluble in absolute ethyl alcohol. 


We wish to express our gratitude to Professor R. Robinson, F.R.S., for his kind interest 
in the work. Miss Hanorah O’Sullivan, M.Sc., has independently confirmed our experimental 
figures; for this we wish to thank her. 


UNIVERSITY COLLEGE, CorK. [Received, March 11th, 1935.] 





198. Monomethyl Hexoses. Part I. The Constitution of the Supposed 
4-Methyl Glucose. 


By JoHN Munro and EpMuUND G. V. PERCIVAL. 


DuRIncG the investigation of the alkali addition compounds of the carbohydrates (J., 1934, 
1160) it became clear that the assignment of structure by a methylation method depended 
on the isolation of derivatives of partly methylated sugars, usually in the form of the 
crystalline phenylhydrazones or phenylosazones. Whereas well-characterised derivatives 
of 2-, 3-, and 6-methyl glucose were already available, there was dubiety about the existence 
of such reference compounds for 4- and 5-methyl glucose, and it was considered desirable 
to remove all doubt on this point. 

In 1925 Pacsu (Ber., 58, 1455) reported the isolation of 4-methyl glucose and of 4 : 5 : 6- 
trimethyl glucose by the methylation of acetone compounds of glucose dibenzyl mercaptal. 
This work was, however, challenged by Schinle (Ber., 1931, 64, 2361), who revealed that the 
so-called 4-methyl glucosazone was, in reality, impure glucosazone, an observation which 
led to the conclusion that the parent monomethyl sugar was 2-methyl glucose identical 
with that previously described by Hickinbottom (J., 1928, 3140) and Brigl and Schinle 
(Ber., 1929, 62, 1716; 1930, 63, 2887). Schinle followed up these observations (Ber., 1932, 
65, 318) by a study of the 4: 5 : 6-trimethyl glucose reported by Pacsu, and found it to be 
a monomethyl glucose yielding an osazone, m. p. 158°. Accordingly this sugar was desig- 
nated 4-methyl glucose, since the osazone was different from the apparently well-character- 
ised derivatives obtained from 3-, 5- and 6-methyl glucose. Unfortunately, however, 
Schinle carried out no conclusive experiments to characterise the sugar in question, and the 
position became indefinite once more when Levene and Raymond (J. Biol. Chem., 1932, 
97, 751) proved by the isolation of 2 : 3: 4: 6-tetramethyl glucopyranose by methylation 
of the supposed 5-methyl glucose of Ohle and v. Vargha (Ber., 1929, 62, 2435), that the 
supposed 5-methyl glucose was in reality 6-methyl glucose. Obviously when these new 
facts came to light Schinle’s method of assignment of the 4-position to the methyl group in 
the sugar under review did not exclude a selection of the 5-position. As was to be expected, 
Levene and Raymond (J. Biol. Chem., 1932, 97, 763) re-examined the position and adduced 
evidence supporting the original conclusion of Schinle (/oc. cit.), but a survey of this evidence 
reveals the fact that it too is not conclusive. 

Instead of a critical examination of the “ trimethyl glucose ” of Pacsu, Levene and Ray- 
mond synthesised a crystalline compound described as 2 : 3 : 6-triacetyl 4-methyl 6-methyl- 
glucoside and compared it with the corresponding derivative prepared directly from the 
sugar in question. The stages of their synthesis are: $-methylglucoside (I) —~> 4: 6- 
benzylidene 8-methylglucoside (II) —~> 2 : 3-dibenzoyl 4 : 6-benzylidene @-methylglucos- 
ide (III) —~> 2: 3-dibenzoyl 8-methylglucoside (IV) —> 2:3: 6-tribenzoyl §-methyl- 
glucoside (V) —> 2:3:6-tribenzoyl 4-methyl §-methylglucoside (VI) —> 4-methyl 
8-methylglucoside (VII) —~> 2: 3 : 6-triacetyl 4-methyl 6-methylglucoside (VIII). Levene 
and Raymond (loc. cit.) accept the view of Ohle and Spencker (Ber., 1928, 61, 2387) that 
(II) has a pyranoside form and argue therefore that positions 2 and 3 are available for 
benzoylation. They consider that, since (VIII) is originally derived from a normal glucoside, 
it cannot be substituted in position 5. But it is clear that no direct evidence is presented, 
at any rate after stage (II), that glucopyranosides are concerned. In addition, the possibility 
of the wandering of acyl groups during the methylation with methyl iodide and silver 
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oxide was not considered, and though Helferich and Giinther (Ber., 1931, 64, 1276) record 
that 2:3:4-tribenzoyl 6-methylglucoside passes on methylation into the corresponding 
6-methyl derivative, it is well known that acetyl groups migrate during such treatment 
(Haworth, Hirst, and Teece, J., 1930, 1405; 1931, 2858). Since, although the inter- 
pretation of Levene and Raymond was by no means improbable, in our opinion the question 
at issue was not decisively proved, it was determined to put the matter to a critical test, 
from which the fact emerges that the 4-methyl glucose of Schinle has indeed that structure. 

By a modified method the syrupy methylated glucose of Schinle (loc. ct#.) was isolated. 
Complete methylation, followed by hydrolysis, yielded crystalline 2 : 3 : 4 : 6-tetramethyl 
glucopyranose in good yield, which thus excluded the possibility of the presence of 5-methy] 
glucose. Oxidation of the monomethyl glucose with bromine water yielded a mono- 
methyl gluconolactone which on account of its rapid hydrolysis in aqueous solution was 
shown to be a 8-lactone (Haworth, ‘‘ Constitution of Sugars,” London, 1929). The inference 
is, therefore, that the possibility of the formation of the more stable y-lactone was ruled 
out by the presence of a methyl group in the 4-position. Furthermore, complete methyl- 
ation of the monomethy] 3-gluconolactone yielded 2 : 3 : 4 : 6-tetramethyl 3-gluconolactone 
identified as the crystalline phenylhydrazide, proving that the original oxidation product 
was indeed 4-methyl 8-gluconolactone. 

In addition, crystalline 2 : 3 : 6-triacetyl 4-methyl 6-methylglucoside (Levene and Ray- 
mond, loc. cit.) was prepared from the monomethy] glucose, and this on deacetylation and 
methylation, followed by hydrolysis, again yielded 2 : 3 : 4 : 6-tetramethyl glucopyranose. 
There is thus no room for doubt that the monomethyl glucose is indeed 4-methy]l glucose. 


EXPERIMENTAL. 


Preparation of 4-Methyl Glucose Dibenzyl Mercapial——The methods described by Pacsu 
(Ber., 1924, 57, 851; 1925, 58, 1455) and Schinle (/oc. cit.) were followed except for modifications 
of detail. Glucose dibenzyl mercaptal (30 g.) was condensed with dry acetone (300 g.) con- 
taining concentrated sulphuric acid (6 g.) for 42 hours at 15°. The acetone compound (20 g.) 
obtained in the form of a syrup after neutralisation and removal of solvent was dissolved in dry 
ether (130 c.c.) and treated with excess of sodium shavings for 24 hours. After filtration and 
removal of the ether by distillation the resulting glass was methylated with methy] iodide (35 c.c.) 
at 40° for 24 hours. The solution on extraction with ether, filtration and evaporation yielded 
a syrup, which was dissolved in ten times its weight of 90% alcohol and hydrolysed by boiling 
for 20 minutes with N-hydrochloric acid (6 c.c.)- On cooling, 2-methyl glucose dibenzyl 
mercaptal (3-5 g.) crystallised, m. p. 191°, 7.e., the ‘‘4’’-methyl glucose dibenzyl mercaptal of 
Pacsu (loc. cit.). The 4-methyl glucose dibenzyl mercaptal, 7.e., the trimethyl glucose dibenzy] 
mercaptal of Pacsu, was obtained by addition of water to the filtrate until a turbid solution was 
produced, which on standing at 0° gave place to a crystalline precipitate. This was dissolved 
in alcohol, treated with silver carbonate to remove hydrochloric acid, and decolourised with 
animal charcoal. Concentration yielded 4-methyl glucose dibenzyl mercaptal (7 g.), m. p. 73°. 

Isolation of 4-Methyl Glucose.—For the removal of the mercaptan residue, 4-methyl glucose 
dibenzyl mercaptal (8 g.) was dissolved in acetone (100 c.c.), and a concentrated acetone solution 
of mercuric chloride (13 g.) added. After refluxing for an hour, the insoluble C,H ,°CH,°S-HgCl 
was filtered off, and the acetone removed by evaporation (diminished pressure). The syrup 
was dissolved in water, and the solution filtered from a further crop of the insoluble mercury 
compound. The excess of mercuric chloride was then removed by treatment with hydrogen 
sulphide, and the hydrochloric acid formed during the reaction was neutralised with silver 
carbonate. The solution, after filtration, was concentrated to a syrup (2-5 g.), [a]? + 53° 
(equil.) in water (c, 2:1) (Found: OMe, 14-8. Calc. for C7H,,O,: OMe, 16-0%). Treatment 
with phenylhydrazine and acetic acid yielded an osazone, m. p. 158° after recrystallisation from 
aqueous alcohol (cf. Pacsu, Joc. cit.; Schinle, loc. cit.). 

Preparation and Identification of the Fully Methylated Glucose from 4-Monomethyl Glucose.— 
Tetra-acetyl 4-methyl glucose. 4-Monomethyl glucose (1 g.) was dissolved in warm pyridine 
(4-5 c.c.), and acetic anhydride (4-5 c.c.) slowly added. The solution was warmed to 50°, kept 
at room temperature for 36 hours, poured into ice-water (50 c.c.), and extracted with ether. 
The ethereal solution was washed, first with dilute sulphuric acid, then with sodium bicarbonate 
solution, and finally with water. After drying over calcium chloride and removal of solvent 


a yellow syrup (1-5 g.) was obtained. 
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Triacetyl 4-Methyl Glucosidyl Bromide.—To the acetyl compound (1-5 g.) dissolved in glacial 
acetic acid (2 c.c.), glacial acetic acid saturated with hydrogen bromide at 0° (3 c.c.) was added. 
After 2 hours, cold chloroform (15 c.c.) was added, and the mixture poured into ice-water 
(40 c.c.). The chloroform solution was washed with sodium bicarbonate solution and water and 
dried, and the solvent removed at 45° (diminished pressure) to yield a pale yellow syrup (1-15 g.). 

2:3: 6-Triacetyl 4-Methyl 8-Methylglucoside——The acetobromo-compound (1-15 g.) was 
dissolved in dry methyl] alcohol (20 c.c.), and dry silver carbonate (3 g.) added. The solution 
was shaken for 12 hours, until no bromine remained in solution. The solution was filtered and 
evaporated to a thin syrup. This crystallised on standing and the long colourless needles 
(0-7 g.) were washed free from syrup with alcohol. They showed m. p. 106°, [«]?”” — 34-0° in 
chloroform (c, 1-2) (Found: OMe, 16-9. Calc. for C,,H,.O,: OMe, 18-55%) (cf. Levene and 
Raymond, J. Biol. Chem., 1932, 97, 763). 

Methylation of Triacetyl 4-Methyl 8-Methylglucoside-—The triacetyl 4-methyl §-methyl- 
glucoside (0-7 g.), dissolved in acetone, was methylated in the usual way (Haworth, J., 1915, 
107, 8) with methyl sulphate (15 c.c.) and sodium hydroxide solution (40 c.c., 30%). The syrup 
obtained was methylated during 6 hours at 40° in contact with methyl iodide (10 c.c.) and silver 
oxide (4g.)._ After extraction with ether and removal of solvent the syrup yielded on distillation 
at 0-03 mm. tetramethyl methylglucopyranoside (0-3 g.) at 100° (bath temp.), ”}%° 1-4450. 

2:3:4:6-Tetramethyl Glucopyranose.—The tetramethyl methylglucoside was hydrolysed 
with 5% hydrochloric acid (2 c.c.) for 8 hours. After neutralisation with barium carbonate 
the solution was evaporated. After the addition of alcohol to precipitate most of the barium 
chloride, and filtration, the solid was extracted three times with boiling ether. The ethereal 
solution was evaporated, and the syrup extracted with boiling light petroleum (b. p. 60—80°). 
From this solution the characteristic crystals of 2: 3: 4: 6-tetramethyl glucose were deposited, 
m. p. 81—82° alone or in admixture with an authentic specimen. It was thus established that 
Levene and Raymond’s (loc. cit.) 2:3: 6-triacetyl 4-methyl §-methylglucoside yielded 
2:3: 4: 6-tetramethyl 8-methylglucoside on methylation. 

Direct Methylation of 4-Methyl Glucose.-—The 4-monomethyl glucose (0-35 g.), dissolved in 
acetone (10 c.c.), was twice methylated as before with methyl sulphate (10 c.c.) and sodium 
hydroxide solution (20 c.c., 30%). During the first three additions the temperature was main- 
tained at 30° in order to facilitate the initial formation of the glucoside. The product was ex- 
tracted with chloroform, and the chloroform removed by evaporation. The second methyl- 
ation was followed by two treatments with methyl iodide (10 c.c.) and silver oxide (5 g.). The 
resulting syrup (0-15 g.) distilled at 100—110° (bath temp.) /0-03 mm. to yield a mobile colourless 
liquid (0-07 g.), n}>° 1-4445. The glucoside was hydrolysed as before to yield 2: 3: 4: 6-tetra- 
methyl glucose, and this was recrystallised twice from light petroleum (b. p. 60—80°) (0-04 g.), 
m. p. 82—83° alone or in admixture with an authentic specimen (Found : OMe, 51-2. Calc. for 
Ci9pH gO, : OMe, 52-5%). 

Oxidation of 4-Methyl Glucose to 4-Methyl 8-Gluconolactone.—4-Methyl glucose (0-8 g.) was 
oxidised in water (7 c.c.) with bromine (1-5 c.c.) at 35° for 3 davs until all reducing action had 
ceased. The excess of bromine was then removed by aération, and the solution neutralised with 
silver carbonate. To obtain the lactone, the silver was precipitated with hydrogen sulphide 
and the solution after filtration was evaporated to dryness (diminished pressure) at about 80°. 
[a]? + 54-6° (3 mins.); 47-0° (4 mins.); 39-5° (6 mins.); 37-6° (15 mins.); 35-7° (50 mins.) ; 
+ 33-9° (280 mins.; constant value) (Found: OMe, 14-0. Calc. for C;H,,0, : OMe, 16-1%). 

From the hydrolysis curve it is evident that the lactone belongs to the 8-series and that the 
methyl group is in the 4-position. 

Methylation of 4-Methyl 8-Gluconolactone.—The lactone (0-4 g.) was dissolved in the minimum 
quantity of methyl alcohol and treated with methy] iodide (10 c.c.) and silver oxide (5 g.) during 
20 hours at 40°. This process was repeated four times for shorter periods of 5 hours until the 
lactone became completely soluble in methyl iodide; a final methylation in absence of methyl 
alcohol was then carried out. After isolation in the usual way the syrup was distilled at 0-03 
mm., the fraction distilling at 110—115° (bath temp.) being collected (0-15 g.). This lactone 
was digested with phenylhydrazine at 100° for 3 hours and on extraction of the product with an 
ether-light petroleum mixture crystals of the phenylhydrazide of 2:3: 4: 6-tetramethyl 
gluconic acid were isolated, m. p. 114° (cf. Charlton, Haworth, and Peat, J., 1926, 89). 


Thanks are expressed to Imperial Chemical Industries, Ltd., and to the Earl of Moray 
Endowment for grants. 
Kinc’s BuILDINGS, UNIVERSITY OF EDINBURGH. [Received, March 14th, 1935.) 
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199. On the Equilibrium and the Heat of the Reaction 
C,H, + H, = C,H,. 
By Epuarp TELLER and BRYAN TOPLEY. 


1. Introduction. 


A STATISTICAL-MECHANICAL Calculation of the equilibrium constant K, = Po,y,/Po,n,- Pu, 
has been carried out by Frost (Compt. rend. U.R.S.S., 1933, 161), who obtained agreement 
with the experimental results then known, the difference between theory and experiment 
being 15% at 700° Abs., rising to 25% at 1000° Abs. Since the appearance of his work 
new experimental data have been published for the equilibrium and for the reaction heat, 
and also for one of the inertial moments of ethylene. Repeating the calculation with the 
newer data, we find a much greater discrepancy, the calculated value of K, being 2-43 times 
larger than the experimental value at 863° Abs. This change results mainly from the 
difference between the newer value for the reaction heat (— AH = 32,575 + 50 cals. 
at 298° Abs.) obtained by Kistiakowsky, Romeyn, Ruhoff, Smith, and Vaughan (J. Amer. 
Chem. Soc., 1935, 57, 65) and the earlier value of 30,630 + 300 found by von Wartenberg 
and Krause (Z. physikal. Chem., 1930, A, 151, 105).. The calculation is more sensitive to 
changes in the reaction heat than in the other quantities involved, and it appears that rather 
a large change in some of the molecular constants would be required in order to remove the 
discrepancy now revealed. 

For reasons given in Section 3, it seems to us that the newer equilibrium measurements 
by Travers and Pearce (J. Soc. Chem. Ind., 1934, 53, 322; also Travers and Hockin, Proc. 
Roy. Soc., 1932, A, 136, 1) cannot be rejected. On the other hand, some of the molecular 
constants (viz., the forces acting between the methyl groups in ethane, some of the inertial 
moments, and some of the vibration frequencies) are known only by indirect methods. Very 
detailed consideration is necessary in order to decide what uncertainty is thereby introduced 
into a statistical mechanical correlation of the heat of reaction determined at the ordinary 
temperature and the equilibrium constant determined at relatively high temperatures. = 

Our main object is to investigate whether such a choice is possible of those constants 
which are not known exactly as will reconcile the thermal data of Kistiakowsky ef al. with 
the equilibrium data. To this end we have calculated an upper limit for the reaction heat 
by making certain (maximum) assumptions concerning such of the frequencies in the ethyl- 
ene and ethane molecules as are not fixed spectroscopically, and concerning the potential 
energy of the restricted rotation of the methyl groups in ethane. These assumptions are 
the most extreme which we believe to be possible within the limits set by the spectro- 
scopically observed frequencies and the measured specific heats. 

The conclusion from the calculation is that, if we accept the equilibrium data within 
limits of error suggested by a consideration of all the measurements (see Section 3), then the 
reaction heat must lie at least 900 cals. below the lower limit allowed by Kistiakowsky and 
collaborators. 

The heat of reaction which we derive from the absolute value of the equilibrium constant 
by means of the most probable values of the molecular constants (see Section 2) is — AH = 
31,050 + 300 cals. per mol. at 298° Abs.* 


2. The Partition Functions. 

The equilibrium constant of the reaction C,H, + H, = C,H,, if the participants are 
treated as perfect gases, is given by : 

K, = 1-0132 x 108 (kT)"! Go.n,/Gon, X Gu, 

* This is somewhat higher than the value of von Wartenberg and Krause, but not in actual disagree- 
ment with it. We lay less stress upon this than upon the definite contradiction with the more recent 
heat measurements, which claim a much greater accuracy than the older; Kistiakowsky and collabor- 
ators (/oc. cit.) have pointed out that there is a possible source of systematic error in the work of von 
Wartenberg and Krause, which would make their results too low. But it is also quite possible (see 
Section 4) that the error in question was unimportant, and there is some evidence for this in the detailed 


results, although the point is uncertain. 
4 
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where K, is expressed in atmospheres, k is the Boltzmann constant, T the absolute temper- 
ature, and the numerical factor converts absolute pressures into atmospheres; G is the 
partition function (the volume being omitted) for the species indicated. Apart from the 
special case of hydrogen, the partition functions (see Fowler, “‘ Statistical Mechanics,” 
1929, p. 106) above room temperature break up into factors of simple form for translation, 
rotation and vibration, internal rotation of the methyl groups in ethane, nuclear spin, and 
the Boltzmann factor for the energy of the molecule in its lowest state referred to the free 
atoms as the zero of energy. The three Boltzmann factors give a term e~ 4*”’*”, where 
— AE, is the heat of reaction at absolute zero; this is the quantity we are primarily 
concerned with in the present calculation. The products of the simple factors referred to 
have to be divided by the appropriate symmetry numbers, which are 18 for ethane, 4 for 
ethylene, and 2 for hydrogen. 

It is not necessary to give all the details of the calculation of the equilibrium constant ; 
there are no essential omissions in the calculation given by Frost (loc. cit.). We shall treat, 
as Frost did, the internal rotation in ethane as a free rotation, and include it in the rotational 
factor of the partition function ; in addition, we shall introduce the correction taking account 
of the potential energy of interaction of the rotating methyl groups. 

For hydrogen, we have the very accurate computation by Giauque (J. Amer. Chem. Soc., 
1930, 52, 4816) from spectroscopic data of the function — (F° — E,°)/T (where F° is the 
molar free energy at 1 atm. pressure and E,° the energy at absolute zero). This function 
is related to the partition function Gy, by 


log, Gy, = feat Td. | log, RT + log, (1-0132 x 10° 
4 2 : S. 


R 

The factors in the partition functions of ethylene and ethane depend in the following 
way upon the molecular constants. The translational factors involve only the molecular 
weights and require no special discussion, and the nuclear spin factors cancel automatically. 

The rotational factor for ethylene is proportional to (I,J,J,)'. The moments of inertia 
(x 10%), I, = 5-7, Ig = 27-5, Ig = 33-2, have recently been published by Badger (Physical 
Rev., 1934, 45, 648) on the basis of measurements of the photographic infra-red spectrum 
(Bonner, unpublished) and of the rotational Raman effect (Lewis and Houston, zb7d., 
1934, 44, 903). The values assumed by Frost were J, = 3-80, Ip = 27-0, Jp = 31-0, on 
the basis of an earlier spectroscopic determination by Badger and Binder (zbid., 1931, 38, 
1442); these give a value of (J,J,J 9)? 1-28 times smaller than Badger’s new spectroscopic 
values. So far, only a preliminary announcement by the latter has appeared (loc. cit.), 
but the moments of inertia agree with what would be anticipated from a model of the 
ethylene molecule, and there seems to be no reason to suppose that any important error 
enters here. Furthermore, as Badger points out, some confirmation is obtained from the 
corresponding moment of inertia for the molecule CH,:O (I, = 2-941) obtained by Dieke 
and Kistiakowsky (ibid., 1934, 45, 4) from the electronic band system, which is in as good 
agreement as is to be expected with one-half the figure for ethylene. 

For ethane, the factor which takes account both of the rotation of the molecule as a 
whole and of the relative rotation of the methyl groups is proportional to I,J, where I, 
is the inertial moment of one methyl group round the axis through the carbon atoms, and 
Ig is that of the whole molecule round the principal axis perpendicular to the C-C bond. 
No direct determinations have been made of J, or Ig, so they have to be derived by in- 
ference from other compounds or from a model. For J, we have the following information. 
The value for methane is 5-4, with an uncertainty less than 0-1 according to Teller (“ Hand- 
und Jahrbuch der chemischen Physik,” Vol. [X, Part 2, pp. 134, 156), who gives two methods 
of calculation. The first depends on a comparison of the Raman and infra-red spacings 
for a single methane band, and the second on a comparison of the spacings for the different 
infra-red bands.* The values for the four methyl halides vary from 5-6 to 5-4. The 

* The figure derived by the second method is wrongly given in this article owing to a numerical error. 
The same applies to the corresponding figure for the methyl halides. The error was observed by 
Dennison and Johnston, and we are indebted to Mr. W. G. Penney for communicating to us their revised 
result, which we use later in this section. 
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deviations from the value 5-4 for methane, although only slightly exceeding the possible 
error, are probably real, and may be understood as being caused by an attraction between 
the halogen and hydrogen atoms. There is a similar effect in the case of formaldehyde and 
ethylene, as may be seen from the figures given above. We therefore consider that the 
value of J, for one methyl group in ethane may be taken as 5-4 + 0-1, and we have actually 
used 5:37 x 10“ to facilitate comparison with the results given by Frost (loc. cit.), who 
deduced this figure from a model. 

To calculate Jg we may reasonably assume that the methyl groups have the same con- 
figuration as in methane. The C-C distance is 1-52 + 0-05 A. (Wierl, Ann. Physik, 1931, 
8, 521; 1932, 13, 453). Hence we obtain Jg = 40-09 x 10°, which is also the value used 
by Frost. 

The possible error in the rotational factor for ethylene is + 2%, and for ethane + 7%. 
The possible error in the partition function coming from the rotational factors alone may 
therefore be taken as + 10%. 

The vibrational contribution to the partition function of a molecule consists of the pro- 
duct of terms of the form [1 — e~/*T}-1, where the v; are the frequencies of the normal 
modes of vibration.* The most probable values of the frequencies of these vibrations are 
discussed in detail in the following paper. For ethylene they are (in wave-numbers) 
3240, 3110, 3019, 2990, 1623, 1444, 1342, 1160, 1110, 1097, 950, and 730. Of these, the 
frequencies 1160, 1110, 1097, and 730 are known with much less certainty than the others. 
The effect of this uncertainty upon the calculation is considered in Section 6, but we remark 
here that although Frost used three frequencies different from ours (950, 950, and 940 instead 
of 1160, 1110, and 730) the difference made by this in the partition function is only a factor 
of 1-017 at 863° Abs. The product of the twelve vibrational factors in the partition function 
is approximately 4 in the temperature range of the experiments. 

Ethane has five non-degenerate frequencies, for which the most probable values (see 
following paper) are 3020, 2955, 1460, 1370, and 993, and six two-fold degenerate frequencies 
for which the most probable values are 2899, 2890, 1480, 1460, 827, and 750. The three 
frequencies at 1460, and especially the frequency at 750, are uncertain, and the effect of 
this uncertainty upon the calculation is considered in Section 6. The product of the seven- 
teen vibrational factors in the partition function for ethane is of the order of magnitude 
8 in the temperature range in question. The value we obtain at 863° Abs. differs from that 
of Frost by a factor of 1-036. 

3. The Equilibrium Constant. 


Four investigations of the equilibrium have been published, covering between them a 
range of 300° and of over 1000-fold in K,. All the data are assembled in the following 
table. 

Col. 1 indicates the source of the data: PD = Pease and Durgan (J. Amer. Chem. Soc., 
1928, 50, 2715); TP = Travers and Pearce (loc. cit.); WV = Videnski and Vinikova 
(J. Gen. Chem., Moscow, 1934, 4, [46], 120); FH (a) = Frey and Huppke (Ind. Eng. Chem., 
1933, 25, 54); FH (b) = reinterpretation of these results by Kistiakowsky ef al. (loc. cit.). 

Col. 2 shows the absolute temperatures, and col. 3 the experimental conditions: E 
means that a gaseous mixture prepared to have approximately the equilibrium composition 
was heated in a silica bulb without added catalyst—conditions under which the reaction 
is known to proceed largely in the gas phase (see Pease, J]. Amer. Chem. Soc., 1932, 54, 
1878; Marek and McCluer, Ind. Eng. Chem., 1931, 23, 878, where other references are given ; 
Rice and Dooley, J. Amer. Chem. Soc., 1933, 55, 4245); the letters D and C indicate that 
the equilibrium was reached starting with ethane or with ethylene plus hydrogen, respec- 
tively ; H refers to a special set of experiments by Travers and Pearce (loc. cit.; Table VII), 
in which the gas mixtures were roughly of the equilibrium composition initially as in the 
experiments marked E, but the partial pressure of hydrogen was very much larger. The 
equilibrium constants which we have calculated from the data of this table (Table VII) 


* The tables of C, (Einstein formula) in Landolt—Bérnstein, ‘‘ Physikalisch-Chemische Tabellen,” 
5th Edn., and in Nernst’s ‘‘ The New Heat Theorem,’’ English Edn., are incorrect in a number of places, 
especially at By/T = 1:1, 1:2, 8°5, 8°9, 9°0. 
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1. 2. 3. 4, 5. 6. 7. 
Temp., Exptl. No. of logo» log yoy, 

Ref. Abs. method. expts. in atms. — AE,. calc. 
PD 973° E 4 0°699 29,490 0°684 
TP 923 H $ 1:105 29,530 1:079 
PD 923 E 2 1:086 29,450 1:079 
TP 903 H 5 1:268 29,500 1°249 
TP 893 E 31 1°351 29,480 1°337 
TP 883 H 6 1°438 29,470 1°427 
TP 883 E 9 1°445 29,490 1:427 
PD 873 E 4 1:509 29,380 1519 
=r 863 H 3 1618 29,440 1:613 
TP 863 E 46 1613 29,420 1613 
TP 863 D; SiO, 5 1614 29,420 1613 
yt 843 E 5 1°815 29,450 1:808 
TP 843 D 12 1-779 29,280 1-808 
TP 823 E 3 (2°131) (29,860) 2-013 
FH (a) : 2°495 29,160 ' 

FH (b) 773 D; Cr,0, 2 2-620 29,600 2°569 
VV 773 C; Cr,O, 1 2-50 29,180 2-569 
VV 773 D; Cr,O, 1 2°50 29,180 2°569 
FH (a) : 3°119 29,150 E 

FH (b) 723 D; Cr,O, 2 3-952 29,500 3°201 
FH (a) 4 3°824 29,110 ? 

FH (b) 673 D; Cr,O; 2 4-086 29,910 3°927 


are remarkably consistent. The use of a catalyst is indicated explicitly in col. 3; SiO, 
refers to experiments in which the bulbs were packed with silica tubing. The experiments 
below 800° were done by a flow method, the flow speed being varied as the criterion of 
equilibrium. 

Col. 4 gives the number of experiments * averaged in finding the equilibrium constants 
given in col. 5. Col. 6 contains values of the energy decrease in the reaction at absolute 
zero. These are calculated by inserting into the partition functions t of ethane and ethylene 
the values of the molecular constants given in Section 2, and combining the results with the 
free energy of hydrogen as calculated by Giauque (loc. cit.). 

The most reliable result for the equilibrium constant is log;), K, = 1-613 at 863° Abs., 
since more experiments were done at this than at any other temperature. We take 
— AE, = 29,420 cals. per mol. as the most probable value for the heat of reaction at ab- 
solute zero, with a possible uncertainty of + 100 arising from experimental error in K,. 
This figure is the basis from which we have calculated the heat of reaction — AHggg° = 
31,050. 

The concordance of the experiments at different temperatures can be assessed by com- 
parison of the values of — AE, in col. 6, or the values for log,) K, in col. 7, which are 
obtained by calculating the change in free energy at each temperature with — AE, = 
29,420, and taking the most probable values for the molecular constants. Corresponding 
to an uncertainty of + 100 cals. in — AEp, the error in log,) K, is about + 0-025. 

It is clear from the experimental results on the equilibrium constants, as presented in 
the papers referred to, that the experimental quantity Po,y,/Po,n,Pu, does reach and main- 
tain a constant value. There are, however, simultaneous irreversible reactions producing 
methane and more complex hydrocarbons. The possibility therefore comes into question 
that this quantity merely takes on an approximately stationary value through an accidental 
balancing of the rates of removal of the three substances in the irreversible reactions ; 

* In the case of the experiments by method E, we have entered the number of experiments for which 
details are given in Table I of the paper of Travers and Pearce. Professor Travers informs us that the 
averaged values of K, for experiments by this method, given in Table X, are derived from a larger number 
of experiments than those detailed in Table I. We have entered in col. 5 the averaged values given by 
Travers and Pearce. 

Pease and Durgan found that 823° was too low a temperature for the attainment of equilibrium in 
the homogeneous reaction; the results of Travers and Pearce at this temperature are not in good accord 
with their results at higher temperatures; we have therefore omitted the value 2°131 in col. 5 from 
further consideration. 

t Small corrections to these values of AE, are required on account of the effects discussed in 
Section 5. 
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the true equilibrium ratio might then be seriously different from this stationary value. 
This possibility is excluded by the combined weight of the following considerations. First, 
the numerous experiments of Travers and Pearce on the homogeneous reaction at 863° 
and 893° include a range of 100-fold in the initial ethylene pressures and 20-fold in the initial 
hydrogen pressure; the results show no detectable dependence upon these changes. The 
kinetic studies by Pearce and Travers (loc. cit.) of the progress of the side reactions show that 
the rate of formation of methane depends on the partial pressures of ethylene, ethane, 
methane, and hydrogen, and the rate of formation of complex hydrocarbons is proportional 
to the square of the ethylene pressure. There is thus no likelihood of the stationary state 
simulating an equilibrium over so wide a range of relative pressures of ethylene and hydrogen. 
Secondly, the temperature dependence of such a pseudo-equilibrium could only by a very 
improbable coincidence agree at all closely with that of a true equilibrium, whereas in fact 
the experimental values of log,,K, vary with temperature in the quantitative manner 
predicted by the absolute statistical mechanical calculation for the true equilibrium. 
Thirdly, the results obtained by the catalytic methods (here the results of Videnski and 
Vinikova, in which equilibrium was reached from both sides, are particularly significant) 
agree with those obtained without catalysts, and this again is only intelligible if true 
equilibrium is obtained by both methods. 

Independently of the statistical mechanical calculation of the reaction heat at any 
temperature through the intermediate calculation of — AE), we can, of course, derive a 
purely thermodynamic value from the relationship — AH; = R.d log, K,/d(1/T). In the 
present instance the substitution, for practical purposes, of the difference quotient 
8 log, K,/8(1/T) for the differential coefficient is admissible, since the heat capacities of 
reactants and products are almost equal in the temperature range of the experiment 
(AC, for C,H, + H, = C,H, has the following value in cals. per mol.: at 973° Abs., 
— 0-167; at 863°, — 0-671; at 673°, — 1-760. These are calculated with the most probable 
value of the vibration for ethylene and ethane, and the figure 4150 for hydrogen). 

We should a priori prefer the thermodynamic to the statistical-mechanical method 
because the moments of inertia do not enter into the former.* Kistiakowsky and col- 
laborators (loc. cit.), considering only the experiments of Pease and Durgan and Frey and 
Huppke, found that — AH (in the temperature region of the experiments) is changed from 
31,100 to 33,900 by their reinterpretation of the latter workers’ data. This situation is 
improved by giving a reasonable weight to the numerous newer experiments. Nevertheless, 
since the more accurate values of K, are concentrated in a relatively smali temperature 
range, the uncertainty in the difference quotient 8 log, K,/3(1/T) remains some 3 or 4 times 
greater than the uncertainty in the statistical mechanical calculation. We therefore 
give no weight to the thermodynamic method. 


4. The Calorimetric Data. 


The only direct determinations (by catalytic combination of the gases in the calori- 
meter) are the two mentioned at the beginning of this paper. Kistiakowsky and his co- 
workers’ measurements were done with a highly developed calorimetric technique, and the 
reproducibility of the results was such that the “ accidental ’’ error could be given as + 50 
cals. Great precautions were taken to ensure purity of the ethylene. The probable 
sources of “‘ systematic ’’ error are discussed in some detail by the authors, and we are 
unable to see any omission in their discussion. We are therefore left with an unexplained 
discrepancy between this determination and the equilibrium measurements. 

Von Wartenberg and Krause (loc. cit.) used as a catalyst in the calorimeter a palladium 
sol through which the mixed gases were bubbled after expansion through a porous plug. 
Part of the ethylene was hydrogenated, the remainder being absorbed by bubbling the 


* It happens that the uncertainty in the molecular frequencies affects the extrapolation of the 
thermodynamic value down to 298° to about the same extent as it affects the statistical mechanical 


298° 

calculation of AE, + | AC, . dT, so that in this respect no advantage attaches to the thermodynamic 
0° 

method. 
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gases through a sloping tube 30 cm. long containing liquid bromine. Professor von 
Wartenberg has provided us with more detailed information about the conditions of his 
experiments, and has kindly calculated for us the corrections required on account of the 
volume and pressure changes of the water-vapour-saturated gases and the Joule-Thomson 
cooling of the ethylene passing through the porous plug. The net effect of these corrections 
is to lower the reaction heat slightly. Kistiakowsky and collaborators attribute the dif- 
ference of 2000 cals. between their own result and that of von Wartenberg and Krause to 
the fact that ethylene bromide has a vapour pressure of 3-5 mm. at @°, so that the ice-cooled 
trap used to remove ethylene bromide from the gas stream (before it was analysed for ethane 
by combustion to carbon dioxide) would not be adequate. This is, of course, correct ; 
but since von Wartenberg and Krause state that blank experiments showed that all the 
ethylene was removed from the gas stream by the bromine tube, whereas ethylene bromide 
vapour, like ethylene, would have been burnt and weighed as carbon dioxide, we conclude 
that the ethylene bromide must have been effectively held in the liquid bromine because of 
its high solubility. It is therefore not necessary to reject the value obtained by von 
Wartenberg and Krause, although the limits of error may be a little higher than + 300 
cals. suggested by these authors. 

We state here for completeness the value which can be calculated from existing data on 
the heats of combustion. Rossini (Bur. Stand. J. Res., 1931, 6, 1; 7, 329) has recalculated 
the earlier determinations of the heat of combustion of hydrogen, with the following results 
(cals. per mol. Hy, at 25° and 1 atm. pressure) : Schuller and Watha, 68,331; Thomsen, 
68,324; Mixter, 68,309. His own determination gave 68,313 + 10. For ethylene, the 
only published result on which any reliance can be placed is that of Thomsen. According 
to Kharasch’s recalculation (ibid., 1929, 2, 359), the figure is 331,600 cals. Rossini (zd7d., 
1934, 12, 735) recalculated Thomsen’s result (at 15°) for ethane, finding 368,900 + 1300, 
and Berthelot and Matignon’s result, finding 372,100 + 800, whereas his own determination 
gave 372,810 + 110 cals. at 25°. Hence, according as we take Rossini’s or Thomsen’s 
value for ethane, the heat of hydrogenation of ethylene is 27,100 or 31,000 respectively. 
It is evident that no certain conclusion can be drawn from these heats of combustion. 


5. Minor Factors affecting the Partition Functions of Ethylene and Ethane. 


The experimental evidence (from specific-heat data) for the magnitude of the restriction 
on the rotation of the methyl groups in ethane is reserved for the succeeding paper, because 
the vibration frequencies of ethane cannot be discussed independently of the internal 
rotation. We have now to consider the correction to the partition function of ethane 
required on account of this restriction. 

At temperatures high enough for several quantum states of the restricted rotator to 
be excited, the factor in the partition function is the mean value e~“?~”/*? averaged 
over a complete rotation; ¢, is the zero-point energy (per mol.) of the restricted rotation ; 
ep is the potential energy taken as a function of the displacement angle ¢ from the sym- 
metrical position in which one methyl group goes over into the other by reflexion in the 
plane « (see following paper). This expression results from substituting the classical 
integral taken over the whole range of the co-ordinates and momenta for the quantum 
mechanical sum over all states. The zero-point energy enters into the classical expression 
because it is the level from which the energy must be measured in order to be consistent 
with the definition of AE, (see Section 2). 

If the further condition is fulfilled that RT > ep — «, then e~ “®~ ©”/*? can be replaced 
by e~ “e-/2? where ep — ¢, is the mean value, averaged over a complete rotation, of 
Ep — &. 

Clearly, the factor e~ “?~**? affects the equilibrium constant K, to the same extent 


as, but in the opposite sense to, an increase ¢p — ¢, in the absolute value | AE,|. Therefore, 
since the restriction on the rotation was not introduced in the calculation of — AE), the 
values of this quantity given in Section 3 are too small by the amount ep — ¢p. 

If we consider temperatures high enough for the sum of states to be replaced by the 
3M 
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classical integral, the alteration in the energy content required to take account of the 
restriction upon the rotation is equal to (ep — ¢) e“®-*". If, in addition, RT > ep 

the exponential factor can be omitted, and we are left with ep — ¢,. This extra heat con- 
tent of ethane operates to lower the heat of reaction | AH |. 

Thus, if both the equilibrium constant and the reaction heat are considered at sufficiently 
high temperatures, the relation between these two quantities is unaffected by the restriction 
upon the internal rotation of ethane. 

It was assumed by Teller and Weigert (Nachr. Ges. Wiss. Géttingen, 1933, 218) that ep 
is of the form a cos 3¢; this is a reasonable model of the rotator if the restricting potential 
is not large; in any case, as is shown in the paper referred to, qualitatively the same result 
is obtained even with a very different form of potential. The low-temperature specific- 
heat measurements of Eucken and Weigert (Z. phystkal. Chem., 1933, B, 23, 265) were 
best fitted with a = 160 cals. This corresponds to ep — ¢, = 40 cals. The condition 
RT > ep — ¢ is fulfilled for the temperature range of the equilibrium measurements, 
and therefore a correction of + 40 cals. should be made to the calculated values of — AE). 

The temperature 298° for which we have calculated — AH is not quite high enough for 


application of the approximation that the extra energy content of ethane is ep — ¢; by 
integrating graphically the specific heat curves of the restricted rotator given by Teller and 
Weigert (loc. cit.), we estimate the extra energy content to be 30 cals. Consequently, the 
error in | AHg9g° | made by omitting from our calculations all effects due to the restriction 
on the rotation is about — 10 cals. only. 

In our calculations we treated all the rotational degrees of freedom of ethylene and ethane 
as classical. By omitting the quantum corrections for very low temperatures, an error of 
approximately + 10 cals. is made in | AE,|, but no error in | AH9q> |, since a cancellation 
of the same kind as the one discussed above, but in this case more complete, takes place here 
also. 

The other minor factors omitted from the calculation are: the change of the inertial 
momenta of ethylene and ethane in the higher rotational and vibrational levels; the 
anharmonicity of the vibrations; the deviations from the ideal gas laws. These effects 
are of the order of 1% or less in the equilibrium constant, and to the accuracy we are con- 
cerned with, we may neglect them. 
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6. Limits of Possible Error in the Calculation of the Reaction Heat. 


Experimental error in the equilibrium measurements leads to a possible uncertainty 
in the derived value of AE, amounting to + 100 cals. (see Section 3). In addition, the 
calculation of AE, and AHoog° from the value of K, at 863° is subject to whatever error 
arises from our incomplete knowledge of the molecular constants of ethylene and ethane. 
The possible error in the partition function ratio arising from the uncertainties in the 
moments of inertia is + 10% (see Section 2). 

The possible limits in the case of the vibration frequencies cannot be so simply stated. 
The situation with respect to the calorimetric measurements (outlined in Section 4) makes 
it important to obtain an upper limit to the value of | AHy9,° | which shall be consistent 
with the equilibrium data, the measured specific heat, and the spectroscopically known 
frequencies. We therefore discuss this upper limit rigorously, starting with the uncertain 
frequencies of ethylene. 

It will be seen from the discussion in the following paper that the four frequencies to 
which we assigned the values 730, 1097, 1110, and 1160 can be considerably changed 
(subject to certain conditions) without contradicting accepted data. No material uncer- 
tainty arises from the other frequencies. It is clear that we need only consider such changes 
as do not lead to a specific-heat curve lying outside the limits of error of the measurements, 
i.é., + 1%. Since we are concerned to find an upper limit to the reaction heat, we have 
examined the effect of the following hypothetical changes, designed to raise the value of 
the partition function of ethylene to the greatest possible extent: (1) In the range of the 
experiments (178-6—464° Abs.) a specific heat curve lying 1% above the measured values is 
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used. (2) The four frequencies are replaced by a single four-fold frequency so chosen that at 
464° Abs. the upper possible limit of the specific heat is reproduced. It can be shown * 
that this four-fold frequency gives a more rapid rise of the specific heat with increasing 
temperature than any other possible choice. (3) The four frequencies are replaced by three 
frequencies equal to infinity and one so chosen that the upper possible limit of the measured 
specific heat is reproduced at 178-6° Abs. It can be shown * that this gives a slower fall 
of the specific heat with decreasing temperature than any other possible choice. 

If therefore we extrapolate the specific-heat curve described in (1) from 464° Abs. to 
863° Abs. by means of the four-fold frequency, and from 178-6° Abs. to 0° Abs. by means of 
the single frequency, we obtain a specific-heat curve which certainly lies higher than the 
real curve at all temperatures; and since the logarithm of the partition function at temper- 


TAT (Tt 
ature T is related to the specific heat curve through a term + | i | C .aT, where C is the 
0 0 


molar heat capacity, it is clear that the hypothetical specific-heat curve gives an upper 
limit for the vibrational factors in the partition function of ethylene. 

By this calculation we find that the partition function of ethylene cannot be raised by 
more than 6% above the value corresponding to the vibration frequencies given in Section 2. 

For ethane we have to consider what changes are possible in the vibration frequencies t 
which decrease the partition function. The frequencies not determined with certainty 
spectroscopically are *v¥ = 750, *vS%* = 1460, and vf™* = 1460. All other frequencies are 
known with a high degree of probability. 

The main cause of uncertainty is the restriction on the internal rotation of the methyl 
groups, which we have taken as equivalent to a variation of potential energy of 320 cals. 
during the rotation. The supposition that this restricting potential is larger has two con- 
sequences of importance. First, the partition function is decreased (see Section 5). 
Secondly, except at very low temperatures, the contribution to the specific heat of ethane 
coming from the internal rotation is increased (see Teller and Weigert, Nachr. Ges. Wiss. 
Gottingen, 1933, 218), and since the specific heat is experimentally known with an accuracy 
of 1% in a certain temperature range, the uncertain frequencies must be raised sufficiently 
to produce a compensating reduction in the specific heat. This causes a further decrease 
in the partition function. 


* The general problem which we have to consider is as follows: given a set of frequencies which are 
subject to the condition that they give rise to a definite vibrational heat capacity at one temperature T,, 
what further conditions are necessary in order that the vibrational heat capacity at a different tem- 
perature 7, shall take an extreme value (a maximum ora minimum)? It is proved below by a variational 
argument that an extreme value is possible only if all frequencies in the set considered which are neither 
zero nor infinite are equal. Out of these possibilities we have to select by trial those which make the 
heat capacity an absolute maximum. It can easily be verified that the procedures (2) and (3) specified 
above do give the required maxima for T,>T, and T,<T, respectively. 

The proof by the variational calculus is as follows: Let C(v/T) be the heat capacity of a vibrational 
degree of freedom with frequency v. We require the condition that =C(»,/T,) shall have an extreme 

n 


value, under the restriction that 2C(v,/T,) has a fixed value. Putting the variation in v, equal to dv, and 


OC(v,/T) /Av_, equal to C’(v,/T), the variations of the two sums will be 
pg hg? i ei poy A 
n n 


A necessary condition for the extreme value we require is that the sum (a) shall be zero for all variations 

dv such that the sum (b) is zero. In the theory of variations it is shown that there exists a constant a 

such that X[C’(vy,/T,) — aC’(v,/T,)]5v, = 0 for all possible sets of Sv,. Therefore each of the terms in 
n 


the bracket must vanish separately, so that C’(v,/T,)/C’(v,/T,) =a. If C(v/T) is the Einstein specific 
heat function, it can be shown that 
C’(¥q/T2)/C’(¥m/T3) = C’(¥m/T 2) |C’ (vm /T 1) 
if vy, and y,, are unequal and neither of them is equal to zero or infinity. Therefore DC(v,/T,) can only 
n 
have the extreme value required if all frequencies not equal to zero or infinity are the same. 


+ The statements made in this section about vibration frequencies are based upon the detailed 
discussion in the following paper, where also the notation used to describe the vibrations is explained. 
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The lower limit to the partition function is obtained as follows. We first find the heat 
capacity of the internal rotation, assuming the highest acceptable value for the restricting 
potential, and add to this the ordinary rotational and translational heat capacity and the 
heat capacity contributed by the frequencies which are definitely known spectroscopically. 
By subtracting this sum from a value 1% lower (7.e., the reverse of the procedure for ethyl- 
ene) than the measured heat capacity at any temperature, we obtain the minimum heat 
capacity to be attributed to the uncertain frequencies; this is done for the highest and 
lowest temperatures of the measurements of Eucken and Parts (Z. phystkal. Chem., 1933, 
B, 20, 184). The extrapolation up to 863° Abs. and down to 0° Abs. is then done by a 
principle analogous to that adopted for ethylene. For the extrapolation upwards, this 
means putting as many frequencies as possible equal toinfinity. It is not actually necessary 
to make quite so extreme an assumption, since there are certain restrictions upon the 
uncertain frequencies : the v“ vibration must be the lowest of these, and it is degenerate ; 
and the three v"* frequencies cannot lie higher than about 1500. Accordingly, we have 
assumed a three-fold frequency of 1500. The value, then, to be assumed for the *vi 
frequency depends upon the simultaneous assumption made about the restricting potential. 
It is also clear that the v* frequencies are in any case too high to influence the extrapolation 
down to 0° Abs., so that in this region only *v“ is of importance. 

We have carried through a calculation of the lower limit for the partition function of 
ethane, taking the potential restricting the internal vibration to be 525 cals. This we con- 
sider to be a safe margin over that found experimentally by Eucken and Weigert (315 + 60) 
(Z. physikal. Chem., 1933, B, 23, 265) and estimated theoretically as 350 by Eyring (J. 
Amer. Chem. Soc., 1932, 54, 3191). The direct result of introducing the restricting 
potential is to lower the partition function by 5-8°% as compared with the free internal 
rotator. The concomitant extreme assumption about the uncertain frequencies produces 
a further decrease of 11-89%. The total change of 18-3° corresponds to an increase of 290 
cals. in | AE, | for the reaction, and to an increase of 250 cals. in | AHgg°|. The 40 cals. 
difference is due to the effect upon the heat capacities, in the range 0—298° Abs., of the 
restricting potential and the changes in the frequencies. 

If we now assume that all uncertainties act to the fullest extent in the direction of 
raising the calculated reaction heat | AHg9q° |, we find that the total (maximum) uncertainty 
is 620 cals., made up as follows : experimental error in the equilibrium constant, 100 cals. ; 
from the rotational part of the partition function ratio, 170 cals.; from the vibrational 
part of the partition function of ethylene, 100 cals.; from the restricted internal rotation 
and the vibrational part of the partition function of ethane, 250 cals. Thus, the upper 
limit to the reaction heat is — AHggg° = 31,670 cals. This leaves a difference of 900 cals. 
from the calorimetric determination of Kistiakowsky and collaborators. 

We have not made so detailed a calculation of the possible limits of error in the opposite 
direction. We notice, however, that the restricted internal rotation introduces less possible 
error in the direction of giving a lower value of | AHggg°|, and although the uncertainty 
becomes a little greater with the ethylene frequencies, the whole uncertainty in this 
direction is probably less than 600 cals. We therefore arrive at the figure — AH,..° = 
31,050 + 600 cals. 

The most serious assumption in the whole calculation is that which concerns the re- 
stricted rotator. We have therefore examined the effect of a still larger restricting potential 
(which is highly improbable). If we assume the maximum potential difference to be 1050 
cals. instead of 525, then the specific-heat measurements of Eucken and Parts cannot be 
fitted with any reasonable choice of the uncertain frequencies—any reasonable choice 
gives a slower rise of the specific heat with temperature than was observed. But even the 
assumption of 1050 cals. would not suffice to give a value of | AHogo,°| in agreement 
with that found by Kistiakowsky and collaborators. Still higher restrictions are corre- 
spondingly in greater disagreement with the specific-heat measurements, with this exception : 
restricting potentials higher than about 3000 cals. would again lead to a possibility of re- 
producing the measured specific-heat curve in the range of the measurements of Eucken and 
Parts. We should now have a slow “ twisting ” frequency of about 300 cm.~ in place of 
the internal rotation. It can be seen, by utilising the calculations carried out by Frost 
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(loc. cit.), that such a “ twisting ” frequency would also give agreement with the calori- 
metric determination of Kistiakowsky and collaborators.* 

The only experimental evidence which directly contradicts this assumption of a potential 
hill of 3000 cals. or more is the work of Eucken and Weigert * on the specific-heat curve of 
ethane at low temperatures. The “ twisting” frequency, if it existed, would not appear 
in the infra-red or Raman spectra except possibly in combination- or over-tones. 

Although we find as possible limits of error in our calculation of AHg9g° + 600 cals., 
we think that the probable limits are about + 300 cals. 


* SUMMARY. 


From the experimentally known equilibrium constant of the reaction C,H, + H, = 
C,H,, the heat of reaction at absolute zero is calculated by means of the most probable 
values of the molecular constants required for the partition functions of ethylene and ethane, 
Giauque’s computation of the free energy of hydrogen being used. 

The corresponding heat of reaction at constant pressure at 298° Abs. is 31,050 cals., 
with a probable etror of + 300 cals. This is in agreement with the calorimetric determin- 
ation by von Wartenberg and Krause, but differs by 1525 cals. from that obtained in the 
recent and much more extensive measurements by Kistiakowsky, Romeyn, Ruhoff, Smith, 
and Vaughan, viz., 32,575 + 50 cals. 

A detailed discussion is given of the limits of possible error in the statistical-mechanical 
calculation of the reaction heat, arising from: (1) error in the equilibrium measurements ; 
(2) error in the moments of inertia of ethylene and ethane; (3) error in the vibration fre- 
quencies of ethylene; (4) uncertainty in the magnitude of the potential restricting free 
rotation of the methyl groups in ethane; (5) uncertainty in the vibration frequencies of 
ethane. 

It is concluded that the maximum uncertainty in the statistical-mechanical calculation 
is + 600 cals. in the heat of reaction at ordinary temperatures. 


THE Str WILLIAM RAMSAY LABORATORIES OF PHYSICAL AND INORGANIC CHEMISTRY, 
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200. On the Vibration Frequencies of Ethylene and Ethane. 
By Epuarp TELLER and BRYAN ToPLEy. 


WE summarise in this paper existing experimental data on the infra-red and Raman spectra 
and on the specific heats of ethylene and ethane, and hence derive sets of vibration frequencies 
for these two molecules.. Although it cannot be claimed that these frequencies are final, 
we believe that they are the best that can be given at the present time. Our main reason 
for discussing them in detail is that we desire to make clear the basis of our calculation of 
the vibrational factors in the partition functions used in the preceding paper. In discussing 
the assignment of frequencies we have found it convenient to introduce a systematic 
notation tor the molecular vibrations based as far as possible on the symmetry properties of 
the molecules. 


* After this paper-had been completed we were informed by Professor Kistiakowsky that the 
reliability of the direct thermal measurements of heats of hydrogenation has been confirmed by sub- 
sequent work with the calorimeter at Harvard; the discrepancy between theory and experiment is 
probably, in his opinion, to be attributed to an unexpectedly large restriction on the rotation of the 
methyl groups in ethane. On the other hand, we now hear from Professor Eucken that new work in his 
laboratory confirms the reliability of the method used by Eucken and Weigert to determine the 
magnitude of the restricting potential. The discrepancy therefore remains. It would be particularly 
interesting in this connexion to examine the spectra and the specific heats of the deutero-substituted 
ethylene and ethane, since that knowledge combined with existing data on the ordinary molecules would 
provide a valuable check on the actual values and the assignment of the vibration frequencies, and on 
the magnitude of the restricting potential in ethane. 
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The experimental data concerning the vibrations of ethylene are :— 

(1) The Raman spectrum of ethylene. This was investigated by Dickinson, Dillon, and 
Rasetti (Physical Rev., 1929, 34, 582) in the gas. They found three strong Raman lines 
with the frequencies (expressed in wave-numbers) 1342, 1623, and 3019, and three weaker 
lines 2880, 3240, and 3272. Their results agree satisfactorily with those of Daure (Ann. 
Physique, 1929, 12, 375), done with less accuracy and upon liquid ethylene. 

(2) The infra-red spectrum of ethylene. The most recent measurements in the spectral 
region relevant for the fundamental frequencies are by Levin and Meyer (J. Opt. Soc. 
Amer., 1928, 16, 137). Strong absorption was found at 950, 2990, 1444, and 3110. The 
rotational structure of the bands shows that in the first two of these vibrations the change 
of electric moment is perpendicular to the C-C axis, and in the last two it is parallel to 
this axis. Two weaker bands were found at 1890 and 2047, also arising from parallel 
vibration of the dipole moment. Additional absorption regions at wave-lengths less 
than 3p exist, but are not important for the present purpose; they correspond to com- 
bination- and over-tones which might be composed out of the fundamental frequencies in a 
number of different ways. 

(3) The specific heat of ethylene. This was measured by Eucken and Parts (Z. physikal. 
Chem., 1933, B, 20, 184) in the temperature range 178-6—464-0° Abs. The limits of error 
are given as less than 1%. The results are only 0-5—1-0% higher than those of Heuse 
(Ann. Physik, 1919, 59, 86), which cover the range 182-2—291-2° Abs. There are also 
measurements by Haas and Stegeman (J. Physical Chem., 1932, 36, 2127) from 275-5° to 
339-8° Abs.; above room temperature their results are 2—3° lower than the values 
interpolated from the data of Eucken and Parts, to which we attach most weight in our 
further discussion. 

The interpretation of the infra-red and Raman spectra * can be considerably simplified 
by taking into account the symmetry properties of the molecule and the vibrations. 

The plane model usually adopted for ethylene has three symmetry planes. One is the 
plane of the molecule; we denote it by y. A second symmetry plane, «, is perpendicular 
tothe C-C bond. The remaining plane, 8, is perpendicular to the othertwo. The molecular 
vibrations can be classified by making use of their relationship to the planes of symmetry. 
We shall use the subscript ¢ to denote the fact that a vibration is symmetrical with respect 
to all three planes, #.¢., that it is ‘‘ totally symmetrical.” For the other vibrations we shall 
use as subscripts the symbols of the planes to which the vibration is anti-symmetrical. 
This symbolism relating to the symmetry is not in itself sufficient to describe all the 
vibrations in a unique way, for in some cases more vibrations than one have the same 
symmetry character. Therefore we extend our notation by introducing as indices symbols 
which describe in a qualitative way the form of vibration. We shall use the index CH to 
indicate that the vibration is one involving a considerable change of the C—H distances. 
It is a general (empirical) rule that such frequencies lie in the region of 3p. Similarly the 
index CC will indicate a vibration of the C-C bond. If the valency distances remain 
almost constant during the vibration, and the main displacement is a change of the valency 
angle in the CH, group, we use the index CH,. Finally, if, in addition to the valency 
distances, the internal angle of the CH, group also remains practically unchanged, and the 
vibration consists of an alteration of the orientation of the CH, group within the molecule, 
we shall use the index M. 

It must, however, be emphasised that the only differences between the vibrations 
that can be formulated rigorously are those relating to the symmetry. 


In our notation the 12 ethylene frequencies are: vj™, v/°, vj™, vy, vim, vi™*, vg, vg, 


vi ° vege Vap> Vey ‘ 

"The vibrations vet, vP°, vu, vi, vig, and vi, should appear in the Raman spectrum. 
In the vibrations vg", vg, and v¥ there is a change of the electric moment perpendicular 
to the C-C axis, and it is therefore to be expected that these frequencies will give rise to 


infra-red bands with a “ perpendicular ” rotational structure. vo" and v&"* should appear 


* The spectra have been interpreted by Mecke (Z. physikal. Chem., 1932, B, 17, 1). We arrive at 
conclusions not very different from his. 
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as “‘ parallel ” bands in the infra-red spectrum. On this basis, the following interpretation 
of the infra-red spectrum can be given: the “ perpendicular ” band at 2990 is vg". The 
band at 950 will be either vj or v}, or else (as assumed by Mecke, Joc. cit.) both vg and vi 
are equal to 950. The two “ parallel” frequencies vo* and v&™* are to be identified with 
the strong “ parallel ’’ bands at 3110 and 1444. The two weaker “ parallel” bands at 
1890 and 2047 must be interpreted as combination tones.* As these bands are not very 
weak, we shall try to interpret them as summation tones of not more than two frequencies. 
According to the selection rules for combination tones, the following pairs of frequencies 
may give rise to a “ parallel” band in the infra-red spectrum : v, + v,, vg + vag, Vy + Yay 
The first of these pairs can be ruled out, because the two v, frequencies of ethylene are 3110 
and 1444, so that it would be necessary to assume a value of about 603 (1444 + 603 = 2047) 
or about 446 (1444 + 446 = 1890); but such a frequency would give rise to higher specific- 
heat values at low temperatures than were observed by Eucken and Parts and by Heuse. 
Consequently, the two bands at 1890 and 2047 must correspond to vj + vig and v¥ + vM., 
If we assume with Mecke that vz = v¥ = 950, then we obtain for v¥, and v¥, the two 
values 940 and 1097. These frequencies were first suggested by Eucken and Parts. If, 
however, we assume one of the two frequencies vz or vy to be different from 950, then one 
of the frequencies assigned to v¥, and vit, must be changed. 

Of the group of four Raman frequencies 2880, 3019, 3240, and 3272, two must corre- 
spond to CH vibrations, and the other two will be combination- or over-tones. The most 
intense line 3019 may reasonably be taken as a fundamental frequency, and 2880 is pro- 
bably the overtone of vo" = 1444. We have therefore no reason to reject the assignment 
made by Mecke, viz., v/* = 3019, vSf = 3240. In connection with the preceding paper, 
it may be remarked that the CH frequencies are not very much excited even at the highest 
temperatures employed in the equilibrium measurements, so that for the purpose of that 
paper it is not very important which of these four Raman lines correspond to the fundamental 
frequencies. 

The two remaining Raman lines at 1623 and 1342 may be interpreted, in agreement with 
Mecke, as v/° and vj™*.t vig, was calculated by Eucken and Parts from the specific 
heats, assuming for all other vibrations the values given above. They found viz, = 803. 
Frost changed this frequency to 950 in order to obtain better agreement with the specific 
heat at the higher temperatures, but the agreement at low temperatures is thereby made 
less satisfactory. Eucken and Parts have proposed a second set of frequencies which agree 
better with the specific heats, but disregard the requirements that vg + v,, and v,, + v,,, 
should be equal to 1890 and 2047. 

We have found it possible to obtain a better fit with the specific-heat data by assuming 
that only one of the two frequencies vf and v¥ is equal to 950. The set of frequencies 
we have actually used in the statistical-mechanical calculation is v* = 3019; vo* = 2990; 
vt = 3110; vot = 3240; w= 1623; vis =— 1444; w= 1342; (vf, wy, vip, 
vi“) = (950, 1097, 730, 1160);{ vi, = 1110. These frequencies are in agreement with 
all the specific-heat data, except those of Haas and Stegeman (loc. cit.). We do not think 


* Besides the argument from the intensities, there are two reasons which prevent us from assuming 
that the 1890 and 2047 bands correspond to fundamental frequencies. First, analogous molecules 
usually do not exhibit strong absorption in this region. Secondly, such an assumption would involve 
taking the frequency 1444 as a combination tone, and this in turn would necessitate the existence of 
some normal vibrations with frequencies so low as to be incompatible with the specific-heat measure- 
ments at low temperatures. 

+ It must be pointed out, however, that the line 1342 might correspond to S or @,; thus Trumpy 
(Z. Physik, 1934, 88, 226; 90, 133) found in the Raman spectrum of dichloro- and dibromo-ethane a line 
in the region of 1400 which was strongly depolarised and therefore could not correspond to a totally 
symmetrical vibration. On the other hand, a calculation by Sutherland and Dennison (Proc. Roy. Soc., 
1935, 148, 250) based on a special model of the ethylene molecule was in agreement with os = 1342. 
On the whole, this assignment seems probable but not quite certain. 

t Apart from the conditions that B or 73 should be 950 and that the two sums "B + vip and cy + = 
should be 1890 and 2047 (or inversely), there is no restriction as to the order in which these four vibrations 
should be associated with the four frequencies. 
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that the four frequencies taken as 1097, 730, 1160, 1110 are uniquely determined ; other 
frequencies, e.g., the sets used by Eucken and Parts or by Frost, are also possible.* 

The experimental data concerning the vibrations of ethane are : 

(1) The Raman spectrum was studied in the liquid state by Daure (loc. cit.), and in the 
gas by Bhagavantam (Indian J. Physics, 1930, 6, 545) and Lewis and Houston (Physical 
Rev., 1934, 44, 903). In each case lines were found at 993, 2899, and 2955. A weaker 
line found by Daure at 1460 was not found by the other investigators, except Bhagavantam, 
who attributed it to impurity. 

(2) The infra-red spectrum, according to Levin and Meyer (loc. cit.), consists of three 
bands of the ‘‘ perpendicular ” type at 827, 1480, and 2890, and two “‘ parallel ” bands at 
1370 and 3020. The band at 1480 has rather an irregular appearance: it extends from 
about 1450 to 1510. The 1370 band is weak. 

(3) The specific heats were measured by Eucken and Parts (loc. cit.) between 189-1° 
and 323-5° Abs., by Heuse (loc. cit.) between 191-2° and 288-2° Abs., and by Thayer and 
Stegeman (J. Physical Chem., 1931, 35, 1505) between 275-7° and 337-4° Abs. As with 
ethylene, Heuse’s results are slightly lower than those of Eucken and Parts. Thayer and 
Stegeman’s results are rather lower. The same limits of error are given by the authors as 
with ethylene; we shall give most weight to the measurements by Eucken and Parts. 
Eucken and Weigert (Z. physikal. Chem., 1933, B, 23, 265) measured the specific heat of 
ethane down to 143° Abs. by a comparison of the heat conductivity of ethane and ethylene ; 
the specific heat of the latter at such low temperatures is not in doubt. Applying to their 
results Teller and Weigert’s calculations (Nachr. Ges. Wiss. Géttingen, 1933, 218) of the 
specific heat of a restricted rotator, they concluded that the difference between the maximum 
and minimum potentials during the rotation of a methyl group is 315 + 60 cals. A con- 
sequence of this is that above 250° Abs. the specific heat due to internal rotation of the 
methyl groups becomes equal (within the experimental error) to that of a free rotator, 
i.e., 4R. We cannot, however, rely upon this conclusion as certainly as upon the specific- 
heat data of Eucken and Parts, because Eucken and Weigert’s measurements required for 
their interpretation the assumption that ethane and ethylene have the same accommodation 
coefficients. This was made very probable by measurements at higher temperatures, 
where the specific heats of the two gases are independently known, but it cannot be 
regarded as definitely proved.t 

To derive the selection rules from the molecular symmetry, we should need to include a 
discussion of the effect of the free internal rotation upon the symmetry. We do not, 
however, propose to discuss this fully here, and will state the selection rules only for a 
special configuration, in which the two methyl groups can be interchanged by reflection 
in a plane perpendicular to the C-C axis. We call this symmetry plane « The modi- 
fications required in the selection rules on account of the free rotation will be indicated 
afterwards. 

Whilst with ethylene the symmetry of the molecule did not give rise to any degenerate 
frequencies, the trigonal symmetry axis of ethane (7.e., the C-C axis) causes some of the 
ethane vibrations to have a two-fold degeneracy. These frequencies we will indicate by 
the notation *v. In other respects the notation used for the ethane vibrations will be 
similar to that used for ethylene. The ethane frequencies are: vf", vf°, vj™, vo™, 
viMs, 2yCH 2yCHs 2yM) 2yOH | 2y0Hs 2yM_ There are five non-degenerate and six two-fold 
degenerate vibrations, and these, together with the internal rotation, make up the eighteen 
degrees of freedom possessed by the ethane molecule in addition to its translation and 
rotation as a whole. 

Of these vibrations, vf™, v7°, vf™, °vo™, 2vo% and *v should appear in the Raman 


’ a? 


spectrum, and vo™, vols, 2y°H 2y°Hs 2yM in the infra-red. The non-degenerate vibrations 
give rise to “ parallel ’’ bands, the degenerate to “‘ perpendicular ” bands. 
* We are indebted to Mr. G. B. B. M. Sutherland for discussing with us the interpretation of the 


spectroscopic data for ethylene. 
+ Since completing this paper, we have been informed by Professor Eucken that new measurements 


by Mr. Bertram (unpublished) by the conductivity method give strong support to the applicability of 
the method in the case of ethylene and ethane. 
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When we take into account the free rotation, the selection rules concerning the non- 
degenerate frequencies are unchanged,* whereas we should expect all the degenerate 
frequencies to appear both in the Raman and in the infra-red spectrum. It is not to be 
expected, however, that the non-preservation of the symmetry plane « will give rise to 
additional regions of absorption or new Raman lines of any considerable intensity. Any 
such new regions of infra-red absorption of small intensity should have a “ perpendicular ” 
rotational structure. 

The two “ parallel” infra-red bands at 3020 and 1370 must be interpreted as vo" and 
vo%s respectively. Although the band at 1370 is weak, it cannot be considered as a com- 
bination- or over-tone because this could not be reconciled with the specific-heat measure- 
ments at low temperatures.f 

The three “‘ perpendicular” bands observed at 2890, 1480, and 827 will correspond 
respectively to *v™, *v, and *v“. The assignment of *v™* is justified by the analogy 
with the methyl halide spectra. 

The complicated region extending from 1450 to 1510 was interpreted by Mecke (loc. cit.) 
as the superposition of two bands, viz., *v* and v&™*; but, as stated above, we have good 
reason to assign vo"* to another frequency; possibly the complication in this region is 
caused by the free rotation removing the prohibition of the band *vo™*. 

The two frequencies vf" and *v°" must be identified with the two Raman lines 2955 and 
2899. The analogy with the CH bands appearing in the infra-red spectrum suggests that 
this is the correct order. 

The Raman frequency 993 must be identified with v?° because C-C bands as a general 
rule are associated with frequencies in the region of 1000. The vibrations v/™* and 2vS™* 
were identified by Mecke with the line 1460 found by Daure; this line may possibly be due 
to impurity, but we do not reject this assignment since, by analogy with the methy] halides, 
it is clear that the vibration frequencies in question should lie in this region. 

The remaining frequency *v“ is missing from the Raman spectrum.+ It has been 
calculated from the specific heats by Eucken and Parts (loc. cit.), on the basis of the other 
frequencies as given by Mecke, to be 712. The changes we have made in the other 
frequencies being taken into account, *v¥ becomes 750. 
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201. Studies in Chemisorption on Charcoal. Part VI. 
The pu of Charcoal Suspensions. 


By ALEXANDER KING. 


It is well known that the adsorption and reaction of many substances on charcoal vary 
widely with the , of the solution, so much so that Hauge and Willaman (Ind. Eng. Chem., 
1927, 19, 943) state that comparisons between different types of carbons are useless unless 
the py of the solution is specified. Blowski and Bon (7bid., 1926, 18, 32) measured the py 
of suspensions of commercial charcoals in water and found that they varied greatly, most 
charcoals being acidic, but a few alkaline; since they ascribed this to impurities in the 
charcoals, they recommended that , determinations should be used as a criterion of the 
purity of a charcoal. Again, Bohn (Biochem. Z., 1926, 178, 119) and Spengler and Landt 


* Although the free rotation destroys the plane a and also other symmetry elements, there remain 
three two-fold axes perpendicular to the C-C axis, and the molecule therefore retains the symmetry D,. 
The selection rules for this symmetry are those given in the text. 

+ Furthermore, the frequency 1370 satisfactorily resembles similar frequencies in the methyl halides 
(Bennett and Meyer, Physical Rev., 1928, 32, 888). Also the calculations of Sutherland and Dennison 
(Joc. cit.) are in agreement with this assignment. 

{ The analogous frequencies in acetylene and in ethylene (Me and vy) are also of such small intensity 
that they have not been observed. 
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(Z. Ver. deut. Zucker-ind., 1928, 78, 81) found that the isoelectric point of charcoals varied 
between , 5 and 9. 

In previous parts of the present series (J., 1934, 1975; Trans. Faraday Soc., 1934, 30, 
1094) the difference in properties between charcoals activated in oxygen at high and at 
low temperatures was pointed out; it is especially marked in the case of the adsorption 
of acids and bases, the latter being readily adsorbed by low-temperature but totally excluded 
by high-temperature specimens. As it was thought probable that the electrical properties 
of the charcoal surface must vary to some extent with those properties studied hitherto, 
a systematic study of the variation in ~, of charcoal suspensions with temperature of 
activation has been carried out. 

EXPERIMENTAL. 


In previous work, special, ash-free charcoals were employed, the purification of which 
necessitated treatments with hydrofluoric and hydrochloric acids (King and Lawson, Kolloid-Z., 
1934, 69, 21). As the last traces of these acids are extremely difficult to remove, it was thought 
safer in the present work to use a less intensively purified material. A charcoal was therefore 
made by careful combustion of recrystallised sugar, and outgassed at 950° for some hours 
previous to activation; its ash content was about 0-2% and consisted largely of silica and ferric 
oxide. A suspension of the ash from 12 g. of charcoal in 10 c.c. of water had pg 6-7. Any 
values for the ~q of suspensions of this charcoal which deviated considerably from neutrality 
were therefore not to be ascribed to its ash content. 

The charcoal was activated by heating, on silica trays in a silica tube furnace heated to a 
definite temperature, in a stream of moist oxygen, passing at the rate of 5c.c./min. Activation 
lasted, as a rule, for 18 hours, and the charcoal was then removed from the furnace, quickly 
cooled, weighed, and shaken with boiled-out distilled water of pq 6-95. Experiments showed 
that, if it was reasonably short, the rate of cooling had no effect on the py of the suspension. 
The measurement of the gq was then made by means of a glass electrode and valve potentiometer, 
all the precautions usual in this type of work being taken. 

Results —(1) Effect of different charcoal concentrations. The pg of suspensions of different 
amounts of a single sample of activated charcoal were measured, with the following results : 


Charcoal, g. per 100 c.c. ...... 1-04 151 2°78 4°01 5°97 10°00 13°88 
Dig corecccsseccesescccccesccesccooseees 5°04 5-02 4°88 4°75 4°61 4°44 4°30 


In all later determinations, suspensions containing 1 g. of charcoal per 25 c.c. were employed. 
(2) Effect of temperature of activation of the charcoal. The py of suspensions of a series of 
charcoals, all from the same stock sample and activated at different temperatures, was measured : 


Temp. of activn. ............ 200° 200° 200° 300° 400° 515° 515° 515° 575° 600° 620° 
Time of activn. (hrs.) ...... 2 10 24 10 15 5 10 24 15 12 15 
Das ccsnsecenscssiscecaecesstesciee 40 40 40 45 54 62 61 62 64 665 68 
Temp. of activn. ............ 680° 680° 680° 730° 790° 860° 920° 960° 990° 1035° 

Time of activn. (hrs.) ...... 4 8 24 18 18 18 18 18 18 16 

Dig. cancedusscresctennenssensetsne 66 71 7. | 6h.lUS OCS (ae. CS 


It is seen that at low temperatures the time of activation has little influence on the pg, whereas 
at higher temperatures, e.g., for the 680° charcoal, considerable time elapses before equilibrium 
conditions are established. The equilibrim values are plotted in Fig. 1. 

(3) Effect of time of activation. In view of the above results a more comprehensive study of 
the time required for equilibrium, with both a low-temperature and a high-temperature activated 
charcoal, was carried out. Results for activations at 300° and at 850° are plotted in Fig. 2. 

(4) Effect of reactivation. In order to determine whether the values for the pg recorded 
above are typical of the temperature of activation, and whether the processes leading to surface 
conditions which give rise to such values are truly reversible, a series of charcoals previously 
activated at 300°, 575°, 730°, and 920°, and whose pq had already been measured (see preceding 
table), were all reactivated at 400° for 16 hours in a slow stream of oxygen, and the pg, of their 
aqueous suspensions redetermined. This approximated in all cases to 5-3, i.e., that of a charcoal 
freshly activated at 400°. ' 

(5) Measurement of pu of graphite suspensions. Similar measurements were made on samples 
of graphite prepared from Acheson’s ‘colloidal graphite, ‘ aquadag,’ which was coagulated with 
acid, filtered off, and washed with distilled water for several days. The pg of the unactivated 
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product was 6-5; on activation in a stream of oxygen at 350° for 18 hours it fell to 5-3, and after 
heating at 750° for the same time it rose to 7-2. 

(6) Relation between adsorption of acid and alkali and py of commercial charcoals. To extend 
the observations already made for sugar charcoal and graphite, similar measurements were 
made on two samples of carbon pigment black, No. 1 being a normal animal black and No. 2 
a vegetable black. At the same time, the adsorption of propionic acid and of sodium hydroxide 
was measured on samples of these charcoals to demonstrate that the temperature of activation 


Fic. 1. Fic. 2. 
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of a charcoal has a fundamental effect on its power of adsorption of acids and alkalis even in 
the presence of impurities. The results are shown below, adsorptions being expressed as c.c. 
of N/10-solution adsorbed per g. of charcoal (actually N/20-solution was used) : 








Pigment No. 1. Pigment No. 2. 
Adsorption of Adsorption of 
Temp. of Time of ~ A “, ~ A " 

activn. in O,. activn., hrs. pg. C,H,°CO,H. NaOH. pu- C,H,°CO,H. NaOH. 
unactivated — 4:9 8-4 0°90 3°7 1°7 0°04 

300° 18 2°9 8°7 5°6 2°7 2-0 2°5 

620 4 5-2 — — 4:0 — — 

780 12 6°4 16-2 1°74 5°4 58 0°22 

730 * 18 76 — —- 6°2 _— — 


* Faster rate of oxygen flow. 


(7) Activation by carbon dioxide. At high temperatures, carbon dioxide seems to have much 
the same activating action as oxygen, and it has been shown (King, J., 1934, 1977) that the effects 
of the two gases on the porosity of charcoal at high temperatures are of about the same order. 
The pg of a series of charcoals activated at various temperatures in carbon dioxide was measured 
to determine whether the resultant surface was of the same kind as that produced by oxygen. 
The results were as follows :— 


TOAD. scocicccorrscveccosccesvocovscsccecesec 730° 800° 860° 1000° 
pu after CO, activation ...............66. 69 79 8°9 80 
pu after O, activation ............:..see0e 75 8-1 8°9 81 


(8) Ageing of charcoals. The stability of the surface conditions of carbon which give rise 
to the different electrical and adsorption effects was measured in the case of a 300° and a 750° 
charcoal by determining the fg of a suspension made immediately after the completion of 
activation and again after different intervals of time during which the charcoals had been ex- 
posed to air at room temperature. 


Temp. of activation ............... 300° 750° 

Time of ageing, days ............ 0 1 5 22 34 0 3 13 27 39 

Yigg ee norte Penile aiek 44 44 44 43 4:4 79 75 72 70 67 
DISCUSSION. 


It has been shown that, for sugar charcoal of low ash content, the p, of aqueous suspen- 
sions varies widely and almost linearly with the temperature of exposure to oxygen, be- 
tween room temperature and 900°. Above that temperature there is a rapid fall in the 
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py. The reversibility of the phenomenon is shown by the fact that a charcoal which has 
been activated at a given temperature, and thus possesses a specific py, could then be 
reactivated at another temperature and acquire a new fq characteristic of the second 
temperature. This makes it impossible to ascribe the results to the presence of impurities 
which decompose at definite temperatures. 

Similar results were obtained with graphite, but here the effect was much smaller owing, 
presumably, to the smaller surface area. That variation in the surface area does have 
some effect is shown also by the results on the pq of suspensions containing different 
concentrations of charcoal. Corresponding small py differences should therefore be evident 
in charcoals activated at the same temperature but having different activities. This is 
indeed noticeable to a small extent in the 850° curve in Fig. 2, which shows a slow rise 
in Py with time of activation after the primary, rapid rise has stopped. In the 300° curve 
this cannot be seen, the amount of activation at that temperature being small. The #, 
of a charcoal activated at a given temperature is thus a function not only of that temperature 
but also, to a smaller extent, of the surface area. 

With commercial charcoals the effect is again noticeable, but in the samples investig- 
ated, although it was in the same direction and of the same order, it was displaced towards 
the acid end of the fy scale, probably owing to acidic impurities in the charcoal. With 
these samples, too, it was shown that the adsorptive power of the charcoal for acids and 
alkalis is parallel with its py, charcoals with a high py, showing little tendency to adsorb 
alkalis but an enhanced power to adsorb acids, and those with a low py adsorbing both. 
Similar dependence of acid—alkali adsorption on temperature of activation has been noticed 
by other workers, notably by Schilow e¢ al. (Z. phystkal. Chem., 1930, 149, 211), who 
measured the decrease in caustic soda adsorption with rising temperature of activation, 
and by Dubinin (ibid., 1930, 150, 145), who records that, although charcoals activated in 
the 600—1000° region adsorbed no alkali, yet two specimens heated in oxygen to 1000° 
had recovered their alkali-adsorbing power to some extent. This is in line with our 
observation that the py, of charcoal suspensions reaches a maximum for the 900° activation, 
and then decreases rapidly at higher temperatures. According to our measurements with 
charcoals activated at higher temperatures, a considerable time of exposure to oxygen 
must elapse before a surface equilibrium is established, a fact which may influence the 
results of some workers who used very short activation periods. 

Most investigators of the adsorption of acids and alkalis on charcoal explain the results 
obtained after activation at different temperatures, by postulating the existence of two 
surface oxides, one stable on the carbon surface at high, and the other at low, temperatures. 
As this serves to explain and to predict some of the specific properties of charcoals, we had 
already adopted it as a working hypothesis, and classify the py results accordingly as being 
due to acidic or basic surface oxides. The present work gives some measure of the rate 
of formation of these surface oxides, the low-temperature oxide being formed almost 
instantaneously whereas the basic oxide (Fig. 2) is not formed in equilibrium amounts at 
780° until after 8 hours’ heating in oxygen. The experiments on the effect of standing 
in air on the py of charcoal suspensions (p. 891) indicate that, although the low-temperature 
charcoal has a constant pg, that of the high-temperature sample falls with time, 7.e., the 
basic oxide gradually reverts to the more stable acidic form present on most pure charcoals 
that have stood in air for long periods. In this connexion, however, it is noteworthy 
that a sample of charcoal, activated for 48 hours at 950° and stored for 9 months without 
access to the air, retained its original surface condition, giving an aqueous suspension of 
py 8-7. In Part IV of this series (King and Lawson, Trans. Faraday Soc., 1934, 30, 1099) 
it was shown that,-when a sample of charcoal is activated at 930° and stored in air for some 
time, there was a progressive increase, not only in the rate, but also in the magnitude, of 
adsorption of water vapour. This was ascribed to the instability of the high-temperature 
oxide, which gradually reverted to the stable acidic variety that had been shown to be 
more hygroscopic. The rate of change of adsorptive capacity for water, on standing, is of 
about the same order as the change in fq. 

Activation in carbon dioxide has, at 800—1000°, the same effect as oxygen, the surface 
having thus the same constitution in both cases. 
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The mechanism of the production, from charcoal in contact with water, of a hydrogen- 
or hydroxyl-ion concentration deviating appreciably from neutrality is somewhat obscure. 
Either acid and alkaline materials must be formed in the charcoal and dissolved out by 
water, or else preferential adsorption of hydrogen or hydroxyl ions must take place, with 
the consequent displacement of the water balance. If the first explanation were true, it 
ought to be possible to filter off the charcoal from the solution without changing the pq. 
It was found that a suspension of ~, 7-9 gave, on filtration, a solution of py 7-2, whereas 
an acidic charcoal of py 4:4 gave a solution of py 5-4. These differences on filtration may, 
however, well be due to the adsorption of small amounts of the acid or alkaline constituent 
on the filter, and so the results are inconclusive. It has been shown (J., 1933, 842) that 
minute amounts of an organic acid, probably oxalic acid, are produced on exposure of 
charcoal to air; this may contribute to the fy of the acid charcoals, and, indeed, it was 
shown that the above charcoal of py 7-9, when extracted with water, filtered off, dried, and 
re-extracted, gave an extract of py 5-2. It is probable that the oxalic acid merely dis- 
places the general effect towards the acid end of the scale. 

It is well known that preferential ionic adsorption can take place on certain charcoals 
and on many other types of adsorbent, and indeed one ion may be practically completely 
adsorbed, the other remaining in solution (Freundlich, “ Kapillarchemie,” p. 275). 
Hydrogen ions are especially easily adsorbed, and from, e.g., hydrochloric acid, will be ad- 
sorbed more readily than the chloride ions. The selective adsorption cannot reach the true 
equilibrium for the ion owing to the attraction between ions of opposite charge, chloride 
ions being adsorbed in amounts greater than, and hydrogen ions in amounts less than, the 
equilibrium value. 

Bohn (loc. cit.), in discussing results on the isoelectric point of charcoal, assumes that 
the surface energy is sufficient to split water into its ions. According to this hypothesis, 
a negatively charged charcoal would adsorb hydrogen ions preferentially, leaving an excess 
of hydroxyl ions in solution and thereby giving it a high #,, value and making the charcoal 
positive with respect to it. It has been shown by Kruyt and de Kadt (Kolloid-Z., 1929, 
47, 44) that the sign of the charge of sugar charcoal in contact with water, which is normally 
negative, is reversed on heating in an atmosphere of carbon dioxide to a high temperature, 
during which process it loses its capacity of adsorbing alkalis. This is in complete accord 
with the present results. 

Frumkin (ibid., 1930, 51, 123), from experiments with platinum-containing charcoals, 
regards charcoal in aqueous solution as a gas electrode, either a hydrogen or a hydroxyl 
electrode, the magnitude and nature of acid—alkali adsorption depending on the , between 
the charcoal and the solution. It is assumed that hydroxyl ions can be sent into solution 
from the oxide layer according to the equation C,O + H,O = C, + 2+ + 20H-. If this 
hypothesis is applied to the present results, charcoal would be regarded as functioning as 
a reversible electrode, either hydrogen or hydroxyl according to the temperature of activ- 
ation. This may be expressed as follows :— 


H+ 
eC + OH- <— boas DK Ht 
OH - 


H 
High-temperature Low-temperature 
activation; basic activation; acid 
solution. solution. 


Although the origin of the hydrogen and hydroxy] ions in charcoal suspensions is obscure, 
the fact of their existence is important, and the variation of gq with temperature of activa- 
tion is a fundamental property of charcoal which must be realised before the properties of 
the surface both as an adsorbent and as a catalyst can be predicted; indeed, it is probably 
generally more important to know the fy of a sample than its density or adsorptive capacity 
for dyes, which are often used to indicate its properties. 
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SUMMARY. 


(1) It has been found that the #, of suspensions of sugar charcoal varies with the 
temperature of activation of the charcoal. 

(2) The surface conditions leading to a constant fy are established on charcoal 
when activated for a short time at a low temperature, but not until after 8 hours at high 
temperatures. 

(3) Similar results were obtained with graphite and commercial charcoals; in the latter 
case the adsorption of acids and bases was shown to vary with the py. 

(4) The acid condition of the surface due to low-temperature activation was stable, 
whereas a high-temperature basic charcoal gradually reverted to the acid condition on 
standing in air. 

(5) Carbon dioxide activations gave similar results to those with oxygen. 

(6) Reasons for the variation of the #, of charcoal suspensions with temperature of 
activation are discussed. 


The author thanks the Government Grant Committee of the Royal Society for a grant. 
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202. Imidochlorides. Part II. Condensation of Benzanilide Imido- 
chloride with Substituted Dialkylanilines in Presence of Anhydrous 
Aluminium Chloride. Synthesis of Dialkylaminobenzophenones. 


By R. C. SHAH and M. B. IcHAPoRIA. 


In extension of the work of Shah and Chaubal (J., 1932, 650, this paper is regarded as Part 
I of the series) we have condensed benzanilide imidochloride with dimethyl-o-, -m-, and 
-p-toluidine, diethyl-o-toluidine, dimethyl-«-naphthylamine, benzylmethylaniline, and 
benzylethylaniline. The substitution of dry ether, which readily dissolves aluminium 
chloride, for carbon disulphide as solvent is an improvement upon the original method. 
Condensation takes place in all cases with the production, after hydrolysis, of the corre- 
sponding ketones. 4-Dimethylamino-3-methylbenzophenone, easily obtainable by the 
present method, cannot be prepared by the older method from benzanilide, dimethyl-o- 
toluidine, and phosphoryl chloride (Meisenheimer, Budkewicz, and Kananow, Aznalen, 
1921, 423, 75). Dimethyl--toluidine and dimethyl- and diethyl-o-toluidine react less 
readily than dimethyl-m-toluidine. The diminished reactivity of the two o-substituted 
dialkylanilines is in agreement with the observations of von Braun (Ber., 1916, 49, 1101; 
1918, 51, 1252). 

The condensation is, as usual, assumed to take place in the #-position to the dimethyl- 
amino-group, except with dimethyl-p-toluidine, where o-condensation is assumed. This is 
supported by observations on the relative ease of formation of the oximes and the meth- 
iodides of the ketones. A substituent in the o-position to a dialkylamino-group hinders the 
formation of a quaternary halide (von Braun, Joc. cit.) ; an o-substituent to a ketonic group 
likewise retards oxime formation. 4-Dimethylamino-2-methylbenzophenone readily affords 
the methiodide, and the oxime is obtained with difficulty; whereas 4-dimethylamino-3- 
methylbenzophenone gives the oxime with comparative ease, but the methiodide is difficultly 
formed. 2-Dimethylamino-5-methylbenzophenone gives neither the methiodide nor the 
oxime. The ketone obtained from dimethyl-a-naphthylamine forms an oxime and is re- 
garded as 4-benzoyldimethyl-a-naphthylamine: the alternative formulation as 2-benzoy]l- 
dimethyl-«-naphthylamine, which would not be expected to form an oxime by analogy 
with 2-dimethylamino-5-methylbenzophenone, is much less likely to be correct (the action 
of benzoyl chloride on «-naphthylamine in presence of zinc chloride gives 4-benzoyl-«- 
naphthylamine ; Dziewonski and Sternbach, Rocz. Chem., 1933, 13, 704). 

The constitution of 4-dimethylamino-3-methylbenzophenone has been confirmed by 
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the identity of its methiodide with the methiodide prepared from 4-amino-3-methylbenzo- 
phenone (Chattaway and Lewis, J., 1904, 85, 589) by methylation in two stages. 


EXPERIMENTAL. 


Condensation of Benzanilide Imidochloride with Substituted Dialkylanilines.—A solution 
of anhydrous aluminium chloride (1-25 mols.) in dry ether (about 50 c.c. for 10 g. of aluminium 
chloride) was gradually added to a solution of the imidochloride (1 mol.) and the dialkylaniline 
(2-5 mols.) in dry ether, cooled at intervals in ice-water. The mixture, which turned deep red 
and separated into two layers, was mechanically shaken in a stoppered bottle for about 24 hours 
at room temperature, the ether distiiled off, and the residue treated with ice and then with hot 
dilute hydrochloride acid. The cooled filtered solution was basified, and the excess of tertiary 
amine removed by steam-distillation. From the non-volatile residue, ether extracted the ketone, 
which was distilled under reduced pressure. As dimethyl-«-naphthylamine, benzylmethy]- 
aniline, and benzylethylaniline could not conveniently be removed by steam-distillation, special 
methods of isolating the ketones were used in these three cases. 

The replacement of a part of the tertiary amine (namely, the excess over 1 mol.) by pyridine, 
which did not react with benzanilide imidochloride under the experimental conditions, led to 
diminished yields of the ketone. 

The ketones are viscous oils or low-melting solids, which distil undecomposed under reduced 
pressure. They dissolve readily in dilute hydrochloric acid (except p-benzylmethyl- and p- 
benzylethyl-aminobenzophenone, which are very feebly basic), form insoluble hydroferrocyanides, 
and give green dyes when heated with dialkylanilines and phosphoryl] chloride. 

4-Dimethylamino-2-methylbenzophenone (from dimethyl-m-toluidine) had b. p. 195—198°/2 
mm. (Found: C, 79-8; H, 7-0; N, 6-1. C,,H,,ON requires C, 80-3; H, 7-1; N,5-9%). Yield, 
10 g. from 27 g. of benzanilide imidochloride. 

The oxime, prepared by the alkali method (cf. Lachman, J. Amer. Chem. Soc., 1925, 47, 
260) by refluxing the ketone (1 g.), hydroxylamine hydrochloride (2 g.), and a concentrated 
aqueous-alcoholic solution of potassium hydroxide (1 g.) for at least 8 hours, separated on dilution 
with water, and crystallised from dilute alcohol in colourless needles, m. p. 158—160° (Found : 
N, 11-2. C,,.H,,ON, requires N, 11-0%). It could not be prepared by the sodium acetate method. 

The methiodide was obtained by refluxing the ketone (0-5 g.), methyl alcohol (5 c.c.), and 
methyl iodide (3 g.) for 4 hours. It separated on cooling, and after being washed with benzene 
crystallised from dilute alcohol in pale yellow needles, which melted at 163° and then de- 
composed with effervescence, the ketone being regenerated (Found: I, 33-1. C,,H,ONI 
requires I, 33-3%). 

4-Dimethylamino-3-methylbenzophenone (from dimethyl-o-toluidine).—From 25 g. of benz- 
anilide imidochloride, 10 g. of the ketone, b. p. 205—214°/12 mm., were obtained after distillation. 
Redistillation gave the major portion at 208—210°/12 mm. as a yellow oil which gradually 
solidified. After being washed with light petroleum, the ketone was obtained in colourless 
hexagonal plates, m. p. 45°, easily soluble in the common organic solvents except light petroleum 
(Found: C, 81-0; H, 6-9; N, 6-1%). 

The oxime, prepared by refluxing the ketone, hydroxylamine hydrochloride, and sodium 
acetate in aqueous-alcoholic solution for about 5 hours, crystallised from dilute alcohol in 
colourless needles, m. p. 119° (Found: N, 11-1%). 

The methiodide was not formed by boiling a methyl-alcoholic solution of the reactants under 
reflux ; but could be obtained by heating the ketone (0-5 g.) with methyl] iodide (3 c.c.) in methyl- 
alcoholic solution in a sealed tube at 120°. The solution was diluted with water, and a little 
sodium thiosulphate added to discharge the colour of iodine. The separated methiodide, 
after being washed with benzene, crystallised from hot water in colourless needles, m. p. 184° 
(Found: I, 33-2%). 

The same ketone was also obtained by refluxing 4-amino-3-methylbenzophenone (Chattaway 
and Lewis, Joc. cit.) (1 g.), methyl iodide (3 g.), and a solution of sodium carbonate (1-5 g.) in 
water (25 c.c.) for 2 hours. The liquid was made alkaline with sodium hydroxide, and the 
separated 4-dimethylamino-3-methylbenzophenone (isolated by ether as a brown oil; 0-5 g.) 
was heated in methyl-alcoholic solution with methyl iodide (2 c.c.) in a sealed tube at 120° 
for 6 hours. The methiodide crystallised from hot water in colourless needles, m. p. 180—184° 
alone or mixed with the methiodide described above. 

2-Dimethylamino-5-methylbenzophenone (from dimethyl-p-toluidine) had b. p. 176—178°/6 
mm.; yield, 8 g. from 25 g. of benzanilide imidochloride (Found: C, 80-0; H, 7-5; N, 6-1%). 
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Nitro-derivative. Fuming nitric acid (5 c.c.) was added to the ketone (0-5 g.), cooled in a 
freezing mixture. After 12 hours, addition of water precipitated the nitrvo-compound, which 
was washed with dilute sodium carbonate solution and with water and crystallised from alcohol, 
forming fine yellow needles, m. p. 173—175° (Found: N, 18-7. C,;H90,,N¢ requires N, 18-7%). 

4-Diethvlamino-3-methylbenzophenone (from diethyl-o-toluidine) had b. p. 214—216°/15 mm. ; 
yield, 6 g. from 15 g. of benzanilide imidochloride (Found : C, 80-3; H, 8-2; N, 5-4. C,gH,,ON 
requires C, 80-9; H, 7-9; N, 5-2%). 

4-Benzovidimethyl-a-naphthylamine (from dimethyl-x-naphthylamine).—25 G. of benzanilide 
imidochloride were used. The oil obtained on basification of the filtered acidic solution was 
extracted with ether. The residue from the extract on distillation at 40 mm. yielded (1) mostly 
excess of the tertiary amine, b. p. 162—280°, (2) 7 g., b. p. 283—285°, (3) 0-5 g., b. p. 285—292°. 
The second fraction gradually solidified and the ketone then crystallised from light petroleum 
(b. p. 75—95°) in thick yellowish plates, m. p. 102—104° (Found: N, 5-3. C,gH,;ON requires 
N, 5-1%). 

The oxime, prepared by the alkali method, separated from alcohol in pale yellow crystals, 
m. p. 212—215° (Found: N, 10-0. C,,H,,ON, requires N, 9-7%). 

4-Benzylmethylaminobenzophenone (from benzylmethylaniline).—The reaction mixture was 
treated with ice and then with hot dilute hydrochloric acid. The cooled mixture after a few 
hours deposited a greenish paste of benzanilide and the feebly basic ketone. The liquid was 
decanted, and the paste extracted with ether. On partial evaporation of the ether, some benz- 
anilide separated. Complete evaporation then left an oil, which separated from light petroleum 
in slightly greenish crystals, m. p. 73—80° (Found: N, 4-8. Calc. for C,,H,,ON: N, 4:7%). 
D.R.-P. 41,751 gives m. p. 73—79°. Yield, 8 g. from 25 g. of benzanilide imidochloride. 

4-Benzylethylaminobenzophenone (from benzylethylaniline)—The reaction mixture was 
worked up as in the preceding case. The oily residue from the ethereal extract yielded the ketone 
as the main fraction, b. p. 320—325°/40 mm., on distillation (Found : C, 83-2; H, 6-6; N, 4-6. 
C,,H,,ON requires C, 83-8; H, 6-7; N, 44% Ly. Yield, 12 g. from 20 g. of the imidochloride. 

The oxime crystallised from alcohol in pale yellow plates, m. p. 140—142° (Found: N, 8-7. 
C,,H,,ON, requires N, 8-5%). 


The authors thank Dr. T. S. Wheeler for his interest in the work. 
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203. Exchange of Sulphonyl Groups in Thiolsulphonic Esters. 
By J. D. Loupon and A. LIviINGsTON. 


THE exchange of sulphony] groups in 2 : 4-dinitrodiphenylsulphones by the action of sulphin- 
ates (Loudon, this vol., p. 537) is closely paralleled by the interconversion of 2 : 4-di- 
nitrophenyl alkyl ethers (Blanksma, Cenir., 1909, I, 1809), which, in turn, is related to the 
““Umesterung ” phenomena exhibited by derivatives of carboxylic acids. It is therefore 
to be anticipated that sulphonyl exchange will be displayed in such compounds as acyl 
sulphones, disulphones, and in the so-called disulphoxides which Smiles and his co-workers 
have shown to be thiolsulphonic esters (J., 1924, 125, 176; 1925, 127, 224, 1821). 

The following account is concerned chiefly with the behaviour of thiolsulphonic esters 
towards alkali sulphinates and the test case devised is illustrated in the diagram : 
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The identity of the products of the sulphonyl exchange (II—~> III; II—~> IV; 
III —~> IV) with those synthesised from the chlorothiol fully confirmed our expectations ; 
moreover the fundamental similarity of the two preparative routes is obvious and this we 
have emphasised in condensations with the chlorothiol (I—>» II; I—~+> III; I—~> IV) 
by substituting alkali sulphinates for the silver sulphinates employed by other workers 
(Zincke and Farr, Annalen, 1912, 391, 67; Smiles, Joc. cit.). From the point of view of its 
synthetic value, however, the new process is subject to certain limitations, as is shown in 
the table, in which the success or failure of various instances of the following reaction is 
denoted by + or — respectively : 
R’S*SO,*R” + R”’’*SO,Na —> R’S:SO,°R’” + R’*SO,Na 
R’ = R”. R”, R’ R”. R”. 


Phenyl p-Tolyl + Phenyl p-Tolyl p-Chlorophenyl — 
p-Tolyl Phenyl _ - a p-Bromophenyl — 
Benzyl p-Tolyl + Benzyl RS Phenyl - 
p-Chlorophenyl ‘i ++ o-Nitrophenyl Phenyl 2 : 5-Dichloro- 
p-Bromophenyl o + phenyl _ 
2 : 5-Dichloro- + ia p-Chlorophenyl p-Tolyl + 
phenyl an ‘i p-Bromophenyl + 

os m-Nitrophenyl oh a p-Bromophenyl Phenyl + 

és o-Nitropheny] _ ie te p-Chlorophenyl — 
o-Nitrophenyl Phenyl ao is 2 : 5-Dichloro- p-Tolyl + 

a p-Tolyl + phenyl 

is p-Chlorophenyl + - = Phenyl ++ 

“ p-Bromophenyl + wo ia p-Chlorophenyl + 

- 2 : 5-Dichloro- 

phenyl + 


As a first approximation it may be concluded from these results that here, as with 
2 : 4-dinitrodiphenylsulphones, facile exchange is only operative when the potential anion 
is of greater stability than the free sulphinate ion. It is further to be expected that the 
nature of the group R’S will also exert some influence on the reaction, but no clear evidence 
of this is available, although, in the sulphone series, it has now been found that no exchange 
occurs either with benzyl or with p-nitrobenzyl sulphones—a result which supports Smiles’s 
conclusion (actually made with reference to the o-nitrobenzyl group; Kent and Smiles, 
J., 1934, 422) that the centres concerned are too feebly charged to engender pronounced 
sulphonyl mobility. 
The action of potassium #-toluenethiolsulphonate (C,;H,°SO,°SK) on 2-nitro- and on 
2 : 4-dinitro-chlorobenzene was examined as a possible source of the thiolsulphonic esters, 
but only the corresponding -tolylsulphones were isolated. This behaviour recalls Fromm 
and Erfurt’s suggestion (Ber., 1909, 42, 3822) that the product of a similar action on benzyl 
chloride consists of an inseparable mixture of p-tolylbenzylsulphone and benzyl #-toluene- 
thiolsulphonate. Reinvestigation of the point, however, established that the product was 
simply benzyl #-toluenethiolsulphonate, also prepared by the exchange process from 
benzyl benzylthiolsulphonate. 
It was expected that vigorous treatment of o-nitrophenyl p-toluenethiolsulphonate (IV) 
by alkali sulphinates would result in production of o-nitrophenyl 


i" tte sulphones. This, however, has not been realised, but replace- 
O e ment of the thiolsulphonic group by sulphonyl in the analogous 

2 ; . ; 
case of p-toluenesulphonyl o-nitrophenyl disulphide (V) was 
(V.) readily effected (C,H,*SO,°S replaced by #-toluenesulphonyl 


and by p-bromophenylsulphonyl but not by 2 : 5-dichlorophenylsulphony)). 

Although, with alkali mercaptides, sodium benzylthiosulphate (CH,Ph*S*SO,Na) 
yields disulphides (Footner and Smiles, J., 1925, 127, 2887) and sodium anthraquinone-1- 
sulphonate yields thio-ethers (Emmet Reid, Mackall, and Miller, J. Amer. Chem. Soc., 
1921, 43, 2104), the corresponding replacements do not occur with alkali sulphinates. 


EXPERIMENTAL. 
Sulphonyl Exchange with Thiolsulphonic Esters—The general procedure adopted was to 
warm a homogeneous mixture of the sodium sulphinate (3 mols.) in water with the thiolsulphonic 


3N 
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ester (0-5 to 1 g.; 1 mol.) in a suitable solvent (alcohol, acetic acid, or dioxan) for 2 minutes and 
thereafter to cool and, where necessary, precipitate the product with water. The recrystallised 
products (alcohol or acetic acid) were identified by m. p. and mixed m. p. with synthetic specimens 
where these were known (Smiles and colleagues, Joc. cit.) or alternatively characterised by 
analysis. 

Phenyl p-toluenethiolsulphonate, obtained from phenyl benzenethiolsulphonate and sodium 
p-toluenesulphinate, had m. p. 74° (from alcohol) (Found: C, 58-9; H, 4-7. C,;H,,0,S, 
requires C, 59-1; H, 4-5%). 

Benzyl p-Toluenethiolsulphonate.—(1) A homogeneous mixture of potassium #-toluene- 
thiolsulphonate (2 g.) in water and benzyl chloride (1 c.c.) in alcohol was gently refluxed for 
1 hour and the oil precipitated on cooling was washed with water and placed in the ice-chest 
till it solidified. The product was obtained from alcohol in coarse crystals, m. p. 60° (Fromm and 
Erfurt, loc. cit., give m. p. 55°). 

(2) The same product resulted from treatment of benzyl benzylthiolsulphonate and sodium 
p-toluenesulphinate, in the usual way (Found: C, 60-5; H, 5-0. Calc. for C,4H,,0,S,: C, 
60-4; H, 5-0%). 

p-Nitrobenzyl p-toluenethiolsulphonate, prepared as in the previous case from p-nitrobenzyl 
bromide, melted at 120° after two crystallisations from acetic acid—alcohol (Found: N, 4-4. 
C,,4H,,0,NS, requires N, 4:3%). 

p-Chlorophenyl p-toluenethiolsulphonate, obtained from #-chlorophenyl -chlorobenzene- 
thiolsulphonate, had m. p. 65° (from alcohol) (Found: Cl, 11-7. C,3H,,O0,CIS, requires Cl, 
11-9%). 

p-Bromophenyl p-toluenethiolsulphonate, by exchange (cf. Table), had m. p. 107° (from 
alcohol) (Found: Br, 23-6. C,,;H,,O,BrS, requires Br, 23-3%). 

2: 5-Dichlorophenyl p-Toluenethiolsulphonate——The compound obtained from sodium 
p-toluenesulphinate and 2: 5-dichlorophenyl 2 : 5-dichlorobenzenethiolsulphonate crystallised 
in two forms, which were separated by fractional extraction of the crude product with hot 
alcohol. The more soluble form, on slow heating, melted sharply at 86—87° and on continued 
heating resolidified, finally re-melting at the m. p. of the second form, viz., 103° (Found: Cl, 
21-2. Cy3H,0,Cl,S, requires Cl, 21-3%). 

o-Nitrophenyl benzenethiolsulphonate was obtained (1) by sulphonyl exchange (cf. table) 
and (2) by interaction of o-nitrophenylsulphenyl chloride and sodium benzenesulphinate. In 
the latter process the sulpheny] chloride (5 g.), dissolved in ether (30 c.c.), was warmed with the 
dried powdered sulphinate (5 g.) in suspension for 15 minutes. After filtration the ether was 
evaporated, and the residue crystallised from alcohol; m. p. 87° (Found: N, 4-6. C,,H,O,NS, 
requires N, 4-7%). 

o-Nitrophenyl p-bromobenzenethiolsulphonate, from o-nitrophenyl o-nitrobenzenethiolsulphon- 
ate, had m. p. 137° (from alcohol) (Found: N, 3-8. C,,HgO,NBrS, requires N, 3-7%). 

2 : 5-Dichloropheny] 3-nitrobenzenethiolsulphonate, from 2: 5-dichloropheny] 2: 5-dichloro- 
benzenethiolsulphonate and sodium m-nitrobenzenesulphinate, had m. p. 116° after two 
crystallisations from alcohol (Found: N, 3-8. C,,H,O,NCI1,S, requires N, 3-8%). 

Replacement of Thiolsulphonic Group.—When a dioxan solution of -toluenesulphonyl 
o-nitrophenyl disulphide (V, m. p. 139°) was treated in the usual way with sodium #-toluene- 
sulphinate, the product was identified as o-nitrophenyl p-toluenethiolsulphonate (m. p. and 
mixed m. p. 97—98°). Similarly, sodium p-bromobenzenesulphinate yielded o-nitrophenyl 
p-bromobenzenethiolsulphonate (m. p. 131°; mixed m. p. 132—133°; depressed by admixture 
with V to below 120°). Sodium 2: 5-dichlorobenzenesulphinate, on the other hand, effected 
no replacement even when the reaction time was extended to 30 minutes (product had m. p. 
and mixed m. p. with V 138°). 

o-Nitrophenyl p-toluenethiolsulphonate was refluxed for 45 minutes with sodium #-toluene- 
sulphinate in ethylene glycol (neither reagent is separately affected by this treatment). The 
solution on cooling deposited a semi-solid mass, which crystallised from alcohol (charcoal) 
in colourless needles, m. p. 46°, unaffected by admixture with di-p-tolyl disulphide. In a 
second experiment, with the heating curtailed to 30 minutes, p-tolyl p-toluenethiolsulphonate 
was isolated (m. p. 74°; mixed m. p. 76°). 


The authors thank Mr. J. M. L. Cameron, who performed the micro-nitrogen analyses, and 
also the Chemical Society for a grant. 
GLasGow UNIVERSITY. [Received, March 25th, 1935.] 
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204. The Action of Acetic Anhydride on N-Nitrosophenylglycine and 
Some of its Derivatives. 


By J. CAMPBELL EARL and ALAN W. MACKNEY. 


THE analogy between the nitroso-group and the carbonyl group is well recognised and has 
often been exemplified. The tendency of the nitroso-group to pass into the oximino-form 
is, however, greater than that of the carbonyl group to enolise. It should be possible to 
observe, in suitably chosen nitroso-compounds, ring formations which are the counterpart 
of those involving the enolisation of carbonyl groups. 

A y- or 8-keto-acid, under the influence of acetic anhydride, will produce either an 
unsaturated lactone (I) or the acetyl derivative of a hydroxy-lactone (II) (Bredt, Annalen, 
1886, 236, 225) : 


R-——0 R-C(OAc)—O weN(OAc)O ne-N-O 
CH-CH,*CO CH,*CH,*CO Ph'N<cH—CO PN<tH.Co 
(I.) (II.) (III.) (IV.) 


It might be expected that such a compound as N-nitrosophenylglycine would undergo 
a similar change with the formation of (III), since here the formation of a double bond is 
not possible. 

In fact, when N-nitrosophenylglycine is dissolved in acetic anhydride and kept, an 
elimination of water takes place. The resulting crystalline compound is relatively stable, 
but may be decomposed by heating with acids or alkalis. When heated with moderately 
concentrated hydrochloric acid, it is broken down almost quantitatively into pheny]l- 
hydrazine, formic acid, and carbon dioxide. With a hot 5% solution of caustic soda, 
the original nitrosophenylglycine is regenerated. A determination of the molecular 
weight cryoscopically in nitrobenzene gives the value 166; therefore the reaction with 
acetic anhydride has not involved two molecules of nitrosophenylglycine. 

The above facts are best interpreted by assigning the structure (IV) to the substance. 
Further confirmation is furnished by the behaviour of the N-nitroso-derivatives of «- 
anilinopropionic acid and «-anilinossobutyric acid. The former behaves similarly to N- 
nitrosophenylglycine; the latter is recovered unchanged after the treatment with acetic 
anhydride. That is, the elimination of water is prevented by the presence of the gem- 
dimethyl group. The carboxylic acid group must enter into the reaction, since the 
N-nitroso-derivative of anilinoacetonitrile is unaffected by acetic anhydride. 

It is intended to apply this reaction to other nitrosocarboxylic acids as opportunity 
offers. 

EXPERIMENTAL. 


N-Nilrosophenylglycine.—The following method is different from that recorded in the liter- 
ature. Into a stirred suspension of phenylglycine (50 g.; 1 mol.) in water (600 c.c.) at 0°, a 
solution of sodium nitrite (25 g.; 1 mol.) in water (150 c.c.) was run during 30 minutes; solution 
was practically complete after 2 hours. The filtered solution was acidified with hydrochloric 
acid, and the precipitated N-nitrosophenylglycine washed with cold water and dried in air. 
Yield, 54-5 g. The product decomposed at 102—103° and gave a strong Liebermann nitroso- 
test. 

Action of Acetic Anhydride on N-Nitrosophenylglycine.—N-Nitrosophenylglycine (20 g.), 
treated with acetic anhydride (100 g.), dissolved after 1 hour. After 24 hours, the solution was 
poured into water (750 c.c.) with stirring, and the precipitate collected, washed with cold water, 
and dried in a vacuum desiccator. Yield, 13-6 g. (73%). One recrystallisation from boiling 
water gave a product (11-8 g.), constant m. p. 134—134-5°. It did not give the Liebermann 
nitroso-test (Found: C, 59-3; H, 3-9; N, 17-5; M, cryoscopic in nitrobenzene, 166. 
C,H,O,.N, requires C, 59-3; H, 3-7; N, 17-3%; M, 162). 

Decomposition of the Product by Hydrochloric Acid.—When a mixture of the substance (4 g.), 
water (40 c.c.), and concentrated hydrochloric acid (20 c.c.) was warmed in a water-bath, 
solution gradually took place, accompanied by a vigorous evolution of carbon dioxide. The 
solution was then concentrated to about 15 c.c., the distillate being collected. The concentrated 
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solution, on cooling in ice, deposited phenylhydrazine hydrochloride (3-36 g.; 94% of the 
theoretical), which was identified by its m. p. (228—230°; after once recrystallising from water, 
233—-234°) and by conversion into benzaldehydephenylhydrazone (m. p. 157°). 

Formic acid was detected in the distillate by its reaction with resorcinol and sulphuric acid 
(Krauss and Tampke, Chem.-Zig., 1921, 45, 521), and by the precipitation of metallic mercury 
when a solution of its mercuric salt was heated (Mulliken, ‘‘ The Identification of Pure Organic 
Compounds ”’). 

For the quantitative determination of the amount of formic acid, the acid reaction mixture 
from the decomposition of 0-9561 g. of the substance was steam-distilled. The amount of formic 
acid in the distillate (2 1.), determined by the method of Franzen and Greve (J. pr. Chem., 
1909, 80, 386), was 99-6% of the theoretical. 

Decomposition of the Product by Sodium Hydroxide.—The substance (2 g.) was suspended in 
water (20 c.c.), and sodium hydroxide (1 g.) added. After heating on a boiling water-bath under 
reflux for 3 hours, cooling and filtering, the solution was made slightly acid with hydrochloric 
acid and placed in an ice-bath. The precipitate was filtered off, washed with cold water, and 
dried in air. Yield, 2-0 g. (90% of the theoretical) of a product, decomp. 98—100°, identified 
as N-nitrosophenylglycine by comparison with an authentic sample. 

N-Nitroso-a-anilinopropionic Acid.—a-Anilinopropionic acid (15 g.; 1 mol.) (Nastvogel, 
Ber., 1890, 23, 2010) was suspended in water (125 c.c.), treated with concentrated hydrochloric 
acid (9-9 c.c.; 1 mol.), and cooled to 0°. A solution of sodium nitrite (6-3 g.; 1 mol.) in water 
(20 c.c.) was run in slowly with vigorous stirring. After 1 hour a dark brown, viscous oil had 
separated. This crystallised over-night in the ice-chest and was then filtered off, washed with 
water, and dried in air. Yield, 9 g. (51% of the theoretical) of a product which decomposed 
at 80—81° and gave a strong Liebermann nitroso-test (Found: N, 14-3. Calc. for C,H,,O,N, : 
N, 14-4%). 

Action of Acetic Anhydride on N-Nitroso-a-antlinopropionic Acid.—The acid (8 g.) was treated 
with acetic anhydride (40 g.) in the same way as described for nitrosophenylglycine. Yield, 
3-25 g. (45% of the theoretical) of a product, m. p. 93—95°. Three crystallisations from aqueous 
alcohol raised the m. p. to 98—99°, and the purified substance did not give the Liebermann 
nitroso-test (Found: C, 61-5; H, 4-6; N, 16-0; M, cryoscopic in benzene, 180. C,H,O,N, 
requires C, 61-4; H, 4:5; N, 15-99%; M, 176). 

Decomposition of the Substance C,H,O,N, by Hydrochloric Acid.—The substance (0-5 g.) 
was decomposed in the same way as the corresponding derivative of phenylglycine. Phenyl- 
hydrazine hydrochloride (0-33 g.) was isolated and identified, and carbon dioxide was generated 
during the decomposition. Acetic acid was identified in the aqueous distillate by conversion 
into calcium acetate, the destructive distillation of which gave acetone (p-bromophenylhydr- 
azone, m. p. and mixed m. p. 88°). 

Decomposition of the Substance C,H,O,N, by Sodium Hydroxide-—The substance (0-5 g.) 
was treated in the same way as the corresponding derivative of phenylglycine. N-Nitroso-«- 
anilinopropionic acid (0-16 g.; 29% of the theoretical) was recovered and identified. 

a-A nilinoisobutyric Acid.—a-Anilinotsobutyronitrile was prepared and converted into the 
amide (von Walther and Hiibner, J. pr. Chem., 1916, 93, 126), which was hydrolysed by hydro- 
chloric acid to the free acid. This procedure gave a better yield (86% of the theoretical) than 
direct hydrolysis of the nitrile. 

Nitroso-a-anilinoisobutyric Acid.—A mixture of anilinoisobutyric acid (5 g.), water (100 c.c.), 
and concentrated hydrochloric acid (3 c.c.) at 0° was slowly treated with a solution of sodium 
nitrite (2-0 g.) in water (50 c.c.). After a short time the precipitated nitroso-compound was 
filtered off and dried in air. Yield, 5-1 g. (73% of theoretical) of a product decomposing sharply 
at 117°. After recrystallisation from aqueous alcohol the decomposition point was unaltered. 
The substance gave the Liebermann nitroso-test (Found: N, 13-6, 13-7. Calc. for C,gH,,0,N,: 


N, 13-5%). 


UNIVERSITY OF SYDNEY, N.S.W. [Received, March 25th, 1935.] 
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205. Selenium Dioxide, a New Oxidising Agent. Part V. Some 
Further Oxidations. 


By S. Astin, L. DE V. Moutps, and H. L. RILEY. 


THE original discovery of the formation of 1 : 2-diketones by the action of selenium dioxide 
on ketones has been extended, in this series of papers (J., 1932, 1875, 2342; 1933, 391; 
1934, 844) and by several other workers, to include many different types of reaction. 
Selenium dioxide is a relatively vigorous oxidising agent, particularly at high temperatures, 
and it is therefore surprising that unstable, highly reactive compounds, ¢.g., mesoxalic 
ester and ketohydroxysuccinic ester, can be prepared by its use. Intermediate compound 
formation possibly plays an important part in this specific reactivity, for in many of the 
oxidations unstable organoselenium compounds are formed. Support for this view is 
provided by the reaction of acetophenone with selenium oxychloride (Nelson and Jones, 

. Amer. Chem. Soc., 1930, 52, 1588), in which diphenacylselenium dichloride, 
(CgH,°CO-CH,),SeCl,, is formed, and by the fact that selenium oxychloride will also react 
with acetone to give methylglyoxal. To explain the varied reactivity of selenium dioxide 
on this theory, however, it would be necessary to postulate the existence of many different 
types of unstable intermediate compounds. Further, if intermediate compound formation 
is the necessary first step in the reaction, then the second must involve, in many cases, a 
very complicated addition of oxygen. This suggests that intermediate compound form- 
ation is not an essential part of the process, but rather that we must look for an explanation 
of this reactivity of the dioxide in some property of the selenium atom itself. It has been 
shown (Emeléus and Riley, Proc. Roy. Soc., 1933, A, 140, 378) that ammonia, carbon 
disulphide, hydrogen sulphide, and a large number of organic compounds all burn with 
similar flames when heated in selenium dioxide vapour. These flames all give similar 
spectra, which are characteristic of selenium and perhaps also of its oxide, but not of the 
substance undergoing oxidation. This remarkable phenomenon suggests that selenium 
dioxide possesses the property of providing the compounds undergoing combustion with 
oxygen atoms in a very low energy state. If the dioxide retains this property at lower 
temperatures, t.e., at the temperatures at which it possesses its specific oxidising reactivity, 
then it is easily understood why certain unstable compounds can be formed. 

The dehydrogenating action of selenium dioxide on ethyl succinate (J., 1933, 391) 
and acetonylacetone (Armstrong and Robinson, J., 1934, 1650) and particularly its reaction 
with dibenzyl and stilbene described in the present paper, indicate that the first process 
in many of the oxidations must be the removal of activated hydrogen atoms. This stage 
may or may not be followed by the addition of oxygen in a low energy state, according 
to the nature of the dehydrogenated product. All the reactions reported are, of course, 
readily formulated on this view; e¢.g., Fisher (J. Amer. Chem. Soc., 1934, 56, 2056) has 
reported the formation of triphenylcarbinol from triphenylmethane. This can be repre- 
sented quite simply as follows (the activated molecules being marked by an asterisk), 


ale 
Ph,CH + SeO,* —» Ph,C- + Ho>) 4 SeO* —-» Ph,C-OH, or the reaction might be 


initiated by a collision between a selenium dioxide molecule and an activated triphenyl- 

methane molecule. This mechanism suggests the possibility of the reaction being accom- 

panied by chemiluminescence. This has been observed at low temperatures in only one 

case, namely, the oxidation of ammonia (Emeléus and Riley, Joc. cit.). 

4 The present paper describes further examples of the oxidising reactions of selenium 
ioxide.* 


EXPERIMENTAL. 


Ethyl Acetonedicarboxylate.—This ester (27 g.) and selenium dioxide (11-9 g.; 1-25 mols. : 1) 
were refluxed on a steam-bath for 24 hours and then for 1} hours in an oil-bath at 110°. The 


_™ Asummary of papers published to date on the oxidising properties of selenium dioxide is included 
in The Scientific Journal of the Royal College of Science, 1935 (Arnold & Co.). 
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deep red liquid was decanted from the precipitated selenium and distilled, first at atmospheric 
pressure, 4 c.c. of alcohol and water being collected, and then ina vacuum. A fraction (6 c.c.), 
b. p. 70°/24 mm.—145°/30 mm., was collected; excessive decomposition then occurred. Re- 
distilled, this fraction gave 2 c.c. of a bright yellow liquid, b. p. 90°/33 mm., having an evil, 
garlic-like smell, followed by a pale brown fraction, b. p. 90—200°/33 mm., which could not be 
redistilled without decomposition. The latter contained evil-smelling organoselenium com- 
pounds and, on standing in the air for some days, deposited crystals of oxalic acid hydrate. 
The bright yellow fraction gave with aqueous phenylhydrazine acetate the 4-phenylhydrazone 
of 4: 5-diketo-1-phenyl-3-methyl-4 : 5-dihydropyrazole (Found: C, 69-0; H, 5-2. Calc.: 
C, 69-0; H, 50%), which on twice recrystallising from alcohol gave orange-red needles, m. p. 
155°. This fraction was therefore ethyl «$-diketobutyrate, the osazone of which is known to 
give the above pyrazole (see Knorr and Reuter, Ber., 1894, 27, 1176; Wahl, Compt. rend., 
1904, 138, 1222). Presumably the selenium dioxide oxidised the acetonedicarboxylic ester 
in the normal manner to the «$-diketoglutarate, which underwent hydrolysis and decarboxyl- 
ation to form ethyl «$-diketobutyrate. 

Ethyl Malate.—The oxidation of this ester was studied in order to compare its behaviour 
with that of ethyl succinate (J., 1933, 391) and ethyl tartrate (J., 1934, 844). Ethyl d/-malate 
(20 g.) and selenium dioxide (3-90 g.; 3 mols. : 1) were refluxed at 120—130° for 5 hours, 2-0 g. 
of selenium (72%) being precipitated. The resulting liquid was decanted, the residual selenium 
washed with ether, and after removal of the ether, the combined liquids were distilled in a 
vacuum. Water and alcohol distilled first, followed by a bright yellow liquid. Two fractions 
were collected: (A), b. p. 120—164°/17 mm. (10 c.c.), and (B), b. p. 165—195°/17—24 mm. 
(2 c.c.). At higher temperatures decomposition occurred, leaving a tarry seleniferous residue. 
On refractionating A and B a liquid (C), b. p. 132—139°/24 mm., was obtained which gave 
with aqueous phenylhydrazine the 4-phenylhydrazone of ethyl 4: 5-diketo-1-phenyldihydro- 
pyrazole-3-carboxylate, which on twice recrystallising from alcohol had m. p. and mixed m. p. 
153-5° (Found: C, 64-4; H, 4-8. Calc.: C, 64-3; H, 48%). This compound might have 
been produced by the action of phenylhydrazine on either ethyl diketosuccinate or ethyl keto- 
hydroxysuccinate. The latter on hydrolysis has been shown (J., 1934, 844) to give tartaric 
acid. The above liquid after hydrolysis for 2 hours with dilute hydrochloric acid gave a negative 
result with Fenton’s test, indicating that (C) contained ethyl diketosuccinate. Support was 
obtained for this view by the addition to (C) of alcoholic hydroxylamine hydrochloride and a 
nickel salt. On the addition of alkali a small quantity of a nickel dioxime was obtained. On 
saponifying a further quantity of (C) with methyl-alcoholic potash, some fumaric acid, m. p. 
and mixed m. p. 287—289° (in a sealed tube), was obtained (Found: C, 41-2; H, 3-5. Calc.: 
C, 41-4; H, 3-4%). This shows that selenium dioxide also dehydrates ethyl malate. Oxalic 
acid was also found amongst the products of hydrolysis. This might have been formed by 
the hydrolysis of ethyl oxaloacetate, a possible oxidation product. No such product could, 
however, be detected. 

Further oxidations were carried out with ethyl malate and selenium dioxide in the ratios 
1-5 mols. : 1 and 1 mol. : 1-5, the latter oxidation in the presence of dioxan. The following 
additional products were detected; malic acid, ethyl hydrogen malate (not previously reported ; 
an extremely deliquescent solid, b. p. 240°/35 mm., which gave malic acid on saponification 
with caustic potash), and the monoethyl ester of mesoxalic acid, identified by means of its 
phenylhydrazone, which gave yellow needles on recrystallisation from alcohol, m. p. 114° 
(Found: C, 55-5; H, 5-2. Calc.: C, 55-9; H, 5-1%). 

The products of the oxidation of ethyl malate thus vary with the proportions of the reactants 
employed. With excess of ester, ethyl diketosuccinate was produced together with some 
ethyl fumarate. With the dioxide in excess, oxalic acid and ethyl hydrogen mesoxalate were 
also found. A large amount of decomposition and the formation of complex organoselenium 
compounds also occurred. 

Ethyl 8-Phenylpropionate.—It has already been shown (J., 1933, 391) that ethyl succinate 
on oxidation with selenium dioxide yields principally ethyl fumarate and not a ketonic compound. 
A similar observation was made by Armstrong and Robinson (loc. cit.), who reported the form- 
ation of diacetylethylene from acetonylacetone. This and the following section provide still 
further examples of this type of reaction. 

Ethyl 6-phenylpropionate (25-2 g.) and selenium dioxide (5-3 g.; 3 mols. : 1) were refluxed 
together at 200° for 5 hours. A considerable amount of carbon dioxide was evolved, and the 
theoretical amount of selenium precipitated. The resulting orange-coloured liquid was twice 
fractionated in a vacuum, 13 c.c. (boiling up to 143°/23 mm.) of unchanged ethyl 8-phenyl- 
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propionate, 4 c.c., b. p. 143—160°/21 mm. (A), and 2 c.c., b. p. 160—175°/21 mm. (B), being 
obtained. The last few drops of the distillate solidified in the condenser to white crystals of 
a mixture of 8-phenylpropionic and cinnamic acids. A sharp separation of the liquid products 
by distillation was not possible. Ethyl 6-phenylpropionate has b. p. 127°/15 mm., and ethyl 
cinnamate, 144°/15 mm. Both fractions (A) and (B) slowly decolorised a solution of bromine 
in carbon tetrachloride. In order to detect the presence of ethyl cinnamate, (B) was hydrolysed 
with methyl-alcoholic caustic potash, followed by hydrochloric acid. When the resulting 
crude acid was fractionally crystallised thrice from light petroleum, 0-5 g. of cinnamic acid 
(m. p. 133°. Found: C, 73-1; H, 5-5. Calc.: C, 73-0; H, 5-4%) was obtained. On evapor- 
ation of the mother-liquors, 1-3 g. of 8-phenylpropionic acid, m. p. and mixed m. p. 50°, were 
obtained. Fraction (A) gave in a similar way 0-5 g. of cinnamic acid and 2-3 g. of 8-phenyl- 
propionic acid. The total yield of cinnamic acid was 8% of the theoretical amount, calculated 
on the selenium dioxide used, showing that dehydrogenation had occurred to an appreciable 
extent. 

Dibenzyl.—This compound (30 g.) and selenium dioxide (30 g.) were refluxed at 200° for 
9 hours. The resulting liquid was distilled, first at atmospheric pressure, 4 g. of a mixture of 
benzene, benzaldehyde, water, and a little dibenzyl being obtained, and then under reduced 
pressure, two fractions being collected, (A), b. p. 185—200°/25 mm., and (B), b. p. 200—215°/25 
mm. Fraction (B), on recrystallising from light petroleum (b. p. 40—60°), gave 2-5 g. of benzil, 
m. p. 94°. Its bisphenylhydrazone had m. p. 232° (Found: C, 79-7; H, 5-7. Calc.: C, 80-0; 
H, 5-6%). Fraction (A) was fractionally crystallised from glacial acetic acid, 4-2 g. of stilbene, 
m. p. 124° (Found: C, 92-9; H, 6-8. Calc.: C, 93-3; H, 6-7%), being obtained. It gave an 
antimony trichloride derivative, m. p. 105—106°. The mother-liquors from this fractionation 
were diluted with a large excess of cold water, and the yellow precipitate recrystallised from 
light petroleum (b. p. 40—60°) and then from alcohol. In this way, a further 7-5 g. of benzil, 
were obtained and a further 2 g. of dibenzyl recovered. 

The oxidation was repeated, 9 g. of selenium dioxide and 30 g. of dibenzyl being refluxed 
for 6 hours. The product was treated in a similar manner, 2-8 g. of benzil and 5-1 g. of stilbene 
being obtained, 7.e., yields of 33% and 17-5% respectively calculated on the dioxide used. 

The formation of both ketonic and unsaturated products in this reaction is interesting. 
The following results indicated that in the oxidation of dibenzyl, dehydrogenation to stilbene 
is the first step, followed by the oxidation of stilbene to benzil. 

Stilbene (3 g.) and selenium dioxide (3 g.) were heated together at 190—200° for 7 hours. 
The resulting liquid was decanted, and the precipitated selenium washed with ether. The 
liquid and washings were evaporated to remove ether and the residue was dissolved in cold 
acetic acid. Excess of aqueous phenylhydrazine acetate was added and, after heating on the 
water-bath and cooling, the precipitated benzil bisphenylhydrazone, m. p. 220°, was filtered 
off, dried, and weighed. 5-5 G. of this derivative, 7.e., 86-69% of the theoretical yield, were 
obtained. A similar experiment with 6-4 g. of dibenzyl and 10 g. of selenium dioxide indicated 
a 73-3% yield of benzil. 

Ethyl Mandelate.—The ester (25 g.) and selenium dioxide (6 g.) were refluxed together at 
150° for 24 hours. The liquid product was decanted and fractionated in a vacuum, most of 
it distilling at 155—165°/20 mm. Excess of sodium bisulphite solution was added to the 
distillate and the precipitated bisulphite compound was washed with a little ether and water 
and then decomposed with 20% sulphuric acid in the presence of benzene. The resulting 
liquid product was fractionated in a vacuum, 11-5 g. (60% theoretical) of ethyl benzoylformate, 
b. p. (at atm. pressure) 255—256°, being obtained. This gave an oxime, m. p. 112° on recrystal- 
lisation from water (Found: N. 7-4. Calc.: N, 7-2%). 

Ethyl Phenylacetate.—The ester (30 g.) and selenium dioxide (14 g.) were treated in a manner 
similar to the above. The dioxide was not reduced quite so readily and 5—6 hours were neces- 
sary for its complete reduction. 7-6 G. (34% theoretical) of ethyl benzoylformate were obtained. 
Thus, ethyl mandelate passed more readily into ethyl benzoylformate, on oxidation with selenium 
dioxide, than did ethyl phenylacetate. 

Anthracene.—The hydrocarbon (20 g.) and selenium dioxide (19 g.) were mixed with nitro- 
benzene (65 c.c.) and heated at 160° for 3 hours. Nitrobenzene was then removed by steam 
distillation and the black tarry residue was extracted thrice with hot glacial acetic acid. When 
the hot extract was evaporated somewhat and allowed to cool, crude anthraquinone crystallised. 
On purification by recrystallisation and sublimation, it gave m. p. and mixed m. p. 284° (Found : 
C, 80-8; H, 3-8. Calc.: C, 80-8; H, 3-8%). Yield, 17 g. (73% of the theoretical). The 
theoretical amount of selenium remained after the acetic acid extraction. In dioxan, ethylene 
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glycol, and ethyl alcohol the oxidation did not proceed at an appreciable rate. Phenanthrene 
was not so readily oxidised nor could phenanthraquinone be identified in the oxidation 
product. 

The Reaction of Selenium Dioxide with Aromatic Amines.—At temperatures below their 
boiling points many aromatic amines reacted vigorously with selenium dioxide. When aniline 
was added to an alcoholic solution of selenium dioxide, and the excess of alcohol removed in a 
vacuum, a cream-coloured crystalline solid was obtained. When heated gently, this substance 
decomposed, without the liberation of aniline, forming a dark purple resin, sparingly soluble 
in alcohol and in water, but insoluble in other common solvents; it could not be recrystallised. 
In order to exclude the formation of aniline selenite, the above experiment was repeated with 
thoroughly dried reagents, methyl alcohol being substituted for ethyl, as it was more readily 
obtained in the anhydrous condition. Selenium dioxide was dissolved in a little dry methyl 
alcohol, and a weighed quantity of dry aniline added, the amount being varied in different 
experiments. Some of the alcohol was evaporated in a vacuum; a white crystalline compound 
was then deposited. When equimolecular quantities of selenium dioxide and aniline were 
employed, and the product was dried on a porous plate (it was too unstable to be washed with 
alcohol or ether), it was obtained in cream-coloured needles, m. p. 56°. Decomposition occurred 
a few degrees above the melting point (Found: C, 35-4; H, 4-8; N, 5-9; Se, 33-1. C,H,,O,;NSe 
requires C, 35-5; H, 4-7; N, 5-9; Se, 33-5%). After a few days, the substance turned grey 
and a faint smell of nitrobenzene developed. When heated, the substance decomposed, giving 
a purple resin, slightly soluble in chloroform, forming a deep purple solution. With p-toluidine 
instead of aniline, a similar compound, m. p. 67°, was obtained, too unstable for purification. 

When methylaniline was added to a solution of selenium dioxide in methyl alcohol, a con- 
siderable amount of heat was evolved, but no solid compound could be obtained on removal 
of the excess of methyl alcohol ina vacuum. On standing, the solution became dark purple. 

The composition of the compound obtained from aniline indicated that it was formed by 
the combination of one molecule each of aniline, selenium dioxide, and methyl alcohol. This 
suggested that selenium dioxide dissolved in methyl alcohol with the intermediate formation 
of methyl hydrogen selenite. This was confirmed by dissolving selenium dioxide in methyl 
alcohol and evaporating the solution in a vacuum at room temperature. White crystalline 
methyl hydrogen selenite (or methylselenonic acid), m. p. 42°, was obtained (Found: Se, 55-2. 
CH,*HSeO, requires Se, 55-4%). A similar compound was obtained by Hinsberg (Amnalen, 
1890, 260, 40) when a solution of selenium dioxide in ethyl alcohol was evaporated over calcium 
chloride. Its composition corresponded roughly to C,H,O,Se, and on standing over concen- 
trated sulphuric acid the crystals crumbled, leaving selenium dioxide. Hinsberg did not decide 
whether the substance was a definite compound or selenium dioxide containing alcohol of 
crystallisation, since he could not prepare any salt in the pure condition. 

No methyl alcohol could be obtained from the above aniline compound when it was care- 
fully distilled with aqueous sodium hydroxide solution. This indicated that it was not an aniline 
salt of methyl hydrogen selenite, but perhaps the aniline salt of methylselenonic acid. The 
unstable nature of the compound prevented the confirmation of this view. 


One of us (S. A.) is indebted to the Department of Scientific and Industrial Research for a 
grant. 


ARMSTRONG COLLEGE (UNIVERSITY OF DURHAM), 
NEWCASTLE-UPON-TYNE. (Received, March 27th, 1935.] 





206. Metacetaldehyde: Its Preparation and its Influence on the 
Rotation of Ethyl Tartrate. 


By T. S. PATTERSON and GLApDys Mary Ho.meEs. 


SINCE the respective influences of acetaldehyde and paracetaldehyde as solvents upon 
the rotation of ethyl tartrate were found to differ considerably (J., 1914, 105, 348), we 
recently tried to examine metacetaldehyde in a similar manner. 

Metacetaldehyde may be bought quite cheaply, but the best conditions for its prepar- 
ation do not seem to have been published, 
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Kekulé and Zincke (Annalen, 1872, 162, 145) claim to have prepared metacetaldehyde 
from acetaldehyde in the cold by the catalytic action of hydrogen chloride, sulphuric 
acid, zinc chloride, and calcium chloride; of these, we found hydrogen chloride to be much 
the most satisfactory. As the simplest method of adding easily a definite quantity of 
catalyst to acetaldehyde, we used a saturated solution of hydrogen chloride in paraldehyde, 
and added weighed quantities of this solution: 10 g. of paraldehyde at room temperature 
dissolved approximately 1-4 g. of the gas. 

The best yield of metaldehyde was obtained as follows: To 50 g. of acetaldehyde was 
added 1 g. of paraldehyde containing 0-125 g. of hydrogen chloride, and kept between 
0° and — 3° for 2 hours; the metaldehyde, which had separated, was then filtered off. 
The filtrate, after another hour, between 0° and — 3°, gave a further yield of metaldehyde. 
The total yield was approximately constant (1-41 g.) for these conditions. 

We then attempted to determine the quantities of acetaldehyde and paraldehyde in 
the mixture from which the metaldehyde had separated, using the method of Richter 
(Pharm. Z., 1912, 57, 125). In three experiments the following results were obtained : 


Metaldehyde. Acetaldehyde. Paraldehyde. 
1-41 3°75 40:4 
1-41 2°1 40°2 
1-41 2°4 40°7 


A certain amount of acetaldehyde is bound to be lost in filtration, but the ratio of 
metaldehyde to paraldehyde is fairly accurate.* 

The influence of metacetaldehyde as a solvent upon the rotation of ethyl tartrate could 
not be satisfactorily examined, since metacetaldehyde is such a remarkably insoluble 
substance. All we succeeded in doing was to compare the rotation of a very dilute solution 
of metacetaldehyde in ethyl tartrate at about 50° with that of an approximately similar 
one containing paracetaldehyde, for different colours of light. The observed data were as 
follows : 


Ethyl tartrate and paracetaldehyde. Ethyl tartrate and metacetaldehyde. 
p = 2°21, relative to paraldehyde. p = 0°76, relative to metaldehyde. 
A. a. [a]. a. [a]. 
4359 14:26° 7°78° 16°31° 874° 
4916 19°88 10°85 20°74 11°11 
5461 20°20 11-03 21°34 11°44 
5790 19°35 10°56 20°41 10°94 
6234 18°12 9°89 18°99 10°18 
6716 16-22 8°85 17°16 9°20 
dy = 1-171. dy = 1:175. 


These data yield dispersion graphs closely resembling each other, and, since that for 
metacetaldehyde lies wholly above that for paracetaldehyde, it appears that, under the 
conditions specified, the former enhances, slightly, the rotation of ethyl tartrate (which 
in the homogeneous condition for Hg, at 50° is + 11-2°), whereas the latter slightly dimin- 
ishes it. But naturally, the effects are small. 

Little assistance could be obtained by the use of other inactive solvents, since of some 
twenty-five tried, only chloroform, ethyl benzoate, and toluene dissolved appreciable 
quantities—and then not more than 3%—of metacetaldehyde. We were therefore only 


* Since in these experiments no metacetaldehyde had separated at room temperature, we thought 
it might be possible to follow the rate of change of acetaldehyde into paraldehyde by the use of ethyl 
tartrate as an active indicator, in the same way that the rate of transformation of syn- into anti-oximes, 
and other similar changes, have previously been examined (J., 1907, 91, 516; 1912, 101, 26). Our 
experiments were vitiated by metacetaldehyde separating almost before any readings could be taken, 
owing to some catalyst apparently dissolved out of the soft glass of the polarimeter tube. We con- 
firmed this by carrying out an experiment similar to that described above for the preparation of 
metacetaldehyde, but using acetaldehyde which had previously been kept for 3 hours in a soft glass 
tube. In this case metacetaldehyde separated under conditions in which it would not have been 
produced in hard glass flasks, 
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able to attempt one experiment using chloroform and one using toluene. The results are 
summarised below : 


Observed rotations of various solutions in a 400 mm. tube. 
A 5790. A 5461. A 4359. 


1. Ethyl tartrate in chloroform (¢ = 3°7876)  ......scsecsesseeeeeeseeeeeees —0°80° —0°97° — 3°32° 
2. 0°0896 G. of metacetaldehyde made up to 50 c.c. with solution (1) —0°84 —1-02 —3°62 
3. 0°0710 G. of paraldehyde made up to 50 c.c. with solution (1)...... — 0°83 —1°01 — 3°55 
4. Ethyl tartrate in toluene (¢ = 3°6021) ........cesceceecscccereeereeseeeees — +0°368 — 
5. 0°0375 G. of metacetaldehyde made up to 50 c.c. with solution (4) —_ +0°442 — 
6. 0:0405 G. of paracetaldehyde made up to 50 c.c. with solution (4) ~—- +0°384 _ 


The effects, as was only to be expected, are small, but they are distinct and consistent. 
In all cases metacetaldehyde raises (in an absolute sense) the rotation of ethyl tartrate more 
than does paraldehyde. 


UNIVERSITY OF GLASGOW. (Received, March 30th, 1935.] 





207. Complex Iron Compounds. Part I. The Formation and 
Solvation of Ferrous Chloride in Non-aqueous Liquids. 


By D. R. CHESTERMAN. 


THERE is at present no satisfactory theory to explain why solutions of hydrogen chloride 
in some liquids will dissolve metals whilst those in other liquids fail todoso. Considerable 
work has been carried out on the subject, and in some cases co-ordination compounds of 
the metallic chloride with the liquid have been isolated (cf. Patten, J. Physical Chem., 
1903, 7153; Koppell, Z. anorg. Chem., 1901, 28, 461; Hamilton and Butler, J., 1932, 2283; 
Chesterman, J., 1933, 796). 

The action on iron of hydrogen chloride dissolved in a number of organic liquids of 
widely different structure has now been investigated, and it has been found possible to 
divide these liquids into three classes, viz., 


Group I. Group II. Group III. 
(Water) Methyl acetate Carbon tetrachloride 
Methyl alcohol Ethyl acetate Carbon disulphide 
Ethyl] alcohol Ethyl ether Light petroleum 
isoPropy] alcohol Chloroform Benzene 
Acetone 


Group I.—Solutions of hydrogen chloride in these liquids attack iron very rapidly 
with evolution of heat, the ferrous chloride and the liquid forming a co-ordination compound 
which is very soluble in the latter. 

Group II.—Solutions in these liquids attack iron more slowly with no appreciable 
evolution of heat. The period of induction is also much longer. A co-ordination compound 
is again formed, but it is either slightly soluble (ester compounds) or insoluble. 

Group III.—Solutions in these liquids do not attack iron. 

It is significant that in no reaction was anhydrous ferrous chloride formed. Apparently 
iron is attacked by hydrogen chloride only in the presence of a liquid with which it can 
co-ordinate. The reactions took place in solutions which were eventually saturated with 
hydrogen chloride. The factors controlling the reaction should therefore be (a) suitability 
of the liquid for co-ordination, e.g., whether polar or non-polar; (5) solubility of hydrogen 
chloride in the liquid; (c) the extent of ionisation of the hydrogen chloride in the liquid, 
shown by measurement of the conductivity of the saturated solution; (d) the solubility of 
anhydrous ferrous chloride in the liquid. 

The solubilities (s, in g. of HCl per g. of solution) and conductivities («) of the solutions 
were measured and are shown in Tables I and II. Values are accurate to the significant 
figures given. The cols. headed “I.C.T.” give those values which are available in Inter- 
national Critical Tables, The value for methyl alcohol at 25° in Table I was obtained 
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TABLE I. 
Solubility of hydrogen chloride at 25° at atmospheric pressure. 

Oe Press., L.C.T. Press., 

Liquid. Ss. mm. (760 mm.). Liquid. S. mm, 

Methyl alcohol ............ 0°44 750 0°449 DOMME ncesiasssscosisscs 0-02 767 

Ethyl alcohol ............... 0°39 752 0-398 Chloroform ............065 0°004 730 

isoPropyl alcohol ......... 0°17 771 — Carbon disulphide ...... 0-004 766 

TERE GOO ss ssciscsiccsccss 0°22 760 0°222 POtroleui......0+<<0c000008% 0:003 757 

Methyl acetate ............ 0°46 760 = Carbon tetrachloride ... 0°001 765 

Ethyl! acetate ............... 0°21 765 — PROUGG. o00iscccessvssccesse (decomposed) 

TABLE II. 
Conductivities (mhos) of saturated HCI solutions at 25°. 

« for pure liquid. « for « for pure liquid. « for 
—: r ‘i ~ satd. HCl - om satd. HCl 

Liquid. Obs. ) fa soltn. Liquid. Obs. I.C.T. soltn. 
MeOH 8:3 x 10-* 2x 10-7 98 x 10° CHCl, <1x10°° <2x10-% <1 x 10° 
EtOH 5°7 x 10-7 135 x 10-1! 4:0 x 107 CCl, <1 x 10° 4 x 10-18* <1 x 10° 
Pr8OH 24x1077 35x 10-7 12x 10° CS, <1x 10° 78 x 10°1%* <1 x 10° 
Me-CO,Me 29x 1077 34x 10-7 11 x 10°5 Petroleum <1 x 10° 1 x 10°* <1 x 10° 
Me:CO,Et <ixlo* <l1xil0* 16x 10° C,H, <l1x10* <1 x 10"* <1 x 10° 
Et,O <I1x10° <4x 10°" 55x 10-5 COMe, (Decomp.) 

* At 18°. 


graphically from values given for other temperatures. The conductivity values of the 
pure liquids are compared with the I.C.T. values solely as criteria of purity. The methyl 
acetate was probably purer than that described in the I.C.T. The values are all the mean 
of those given in two or more concordant experiments. 

The conductivity of a saturated solution of hydrogen chloride in methyl alcohol may 
be influenced by the slight reaction between these two substances, forming water (cf. 
Carter and Butler, J., 1924, 125, 963; Carter and Megson, J. Soc. Chem. Ind., 1927, 46, 
31t). 

The results may now be correlated with the classification. The liquids in Group I 
are all strongly basic (water is actually amphiprotic), and the hydrogen chloride is shown 
by Table II to be strongly ionised. The reaction is presumably XOH + H* == X,H,O* 
(X=H,CH,,C,H,, etc.). The high ionisation is increased by the high solubility of the gas. 
The iron is thus attacked by an ionic reaction, with simultaneous co-ordination of the 
liquid, probably due to attachment of the X,H,O* ion, with a subsequent readjustment 
of charges which liberates hydrogen. 

Since solutions of hydrogen chloride in the liquids of Group II were un-ionised or almost 
so, the mechanism of the reaction must be different : it is probably similar to the decom- 
position of water by sodium (Horiuti and Szabo, Nature, 1934, 133, 327), so that hydrogen 
chloride molecules actually attach themselves through their chlorine atoms to the metallic 
surface, with simultaneous solvation. The hydrogen again would thus be subsequently 
eliminated. 

The reaction with dry chloroform (in which hydrogen chloride is only slightly soluble) 
occurred only in the presence of a trace of water. It is possible that this acted as a catalyst 
solely by increasing the solubility of the hydrogen chloride. Conductivities measured 
while the reaction was proceeding showed no detectable difference in the conductivity of 
(a) pure chloroform, (5) pure chloroform saturated with hydrogen chloride, (c) the reacting 
mixture of iron, hydrogen chloride, and chloroform (first exposed to the atmosphere for 
a few seconds to acquire moisture, as the chloroform had been dried for some months with 
phosphoric oxide), which was evolving hydrogen. Hence, the quantity of water required 
for catalysis is very small and insufficient to cause measurable ionisation of the hydrogen 
chloride. 

The reaction in ether was somewhat similar but proceeded even when the liquid was 
perfectly dry. Hydrogen was evolved from the iron, and a white co-ordination compound 
was formed from ferrous chloride and ether, whilst the liquid remained a perfect insulator, 
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The conductivity increased if dry air was admitted, owing to formation of an ionised 
ferric compound. The ferrous co-ordination compound was always formed in a pile of 
flat layers, each made up of many minute crystals. The phenomenon was probably 
caused by the insolubility of the compound, the layers being forced up as hydrogen was 
evolved beneath them. Ether is decomposed by the continued action of hydrogen chloride. 
After standing for some hours, the saturated solution showed a conductivity which increased 
to the limiting value given in Table II; at the same time a small quantity of an oily liquid 
was formed, as shown on evaporation of the ether. 

The liquids in Group III were all aprotic. The slight solubility of hydrogen chloride 
was probably mechanical, comparable with that of air in water. It showed no ionisation, 
and there was no tendency for the liquid to co-ordinate. 

The last factor (7.e., solubility of anhydrous ferrous chloride in the liquid) does not 
appreciably influence the reaction, for although anhydrous ferrous chloride is quite insoluble 
in dry ether, yet an ethereal solution of hydrogen chloride reacts very vigorously with 
iron. This again suggests that attack of the iron does not take place before co-ordination. 
If the anhydrous salt were formed first, it would presumably cover the metallic surface 
and prevent further action, as in the reaction between lead and hydrochloric acid. 

The reaction between acetone, iron, and hydrogen chloride could not be investigated 
fully, as the acetone was decomposed by hydrogen chloride, forming polymerised oily 
compounds. 

The results obtained are not fully in agreement with those of Patten (loc. cit.), who 
found no action with chloroform, but obtained ferric chloride when using carbon 
tetrachloride. His iron was not pure. 

It is proposed to discuss the ionisation of the co-ordination compounds in a subsequent 
paper; the present analyses show that large molecules are less able to co-ordinate with 
ferrous chloride than smaller molecules; e.g., under comparable conditions, the two 
salts FeCl,,4MeOH and FeCl,,Pr8OH were formed. In this respect ferrous chloride is 
analogous to chromic chloride (cf. Chesterman, Joc. cit.). 


EXPERIMENTAL. 


In the preliminary experiments iron wire was used, but as this invariably contained traces 
of carbon, in all the remaining work pure reduced iron was used. The details of the purification 
of liquids are given in Table ITI. 

Ferrous Chloride Methyl Alcoholates—The dimethylalcoholate, FeCl,,2MeOH, was prepared 
by passing dry hydrogen chloride into iron suspended in 25 c.c. of methyl alcohol. The 
apparatus was similar to that used in the preparation of the corresponding chromium com- 
pounds (/oc. cit.). The iron rapidly dissolved, and the solution (filtered if iron wire had been 
used) was left over-night in a vacuum desiccator over sulphuric acid. Well-defined colourless 
needles separated, and after the residual liquid had been decanted these were washed with dry 
ether, and the ether removed on a porous plate. They oxidised rapidly in moist air, becoming 
yellow, but since the yellow compound was soluble and the undecomposed ferrous salt was 
insoluble in ether, the crystals could be prepared fairly pure (Found: Fe, 29-33; Cl, 36-61. 
C,H,O,Cl,Fe requires Fe, 29-27; Cl, 37-16%). 

The tetramethylalcoholate, FeCl,,4MeOH, was prepared by passing a very rapid current of 
hydrogen chloride into iron suspended in a very small quantity (5—10 c.c.) of the methyl alcohol. 
It was a metastable form, but under these conditions the solution crystallised very rapidly 
to give well-defined, white, monoclinic crystals. It was difficult to analyse this compound, since 
it tended to lose 2MeOH, and also was oxidised in moist air very rapidly. The crystals were 
analysed after rapid drying on a porous plate to remove mother-liquor and transference at 
once to a well-stoppered weighing-bottle (Found: Fe, 22-48; Cl, 28-47; Fe:Cl: MeOH= 
1: 1-994: 3-722. Calc.: Fe, 21-91; Cl, 27-83%). They disintegrated in ether, apparently 
forming the dialcoholate. Benrath (J. pr. Chem., 1905, 72, 220) prepared this compound 
by the action of sunlight on ferric chloride dissolved in methyl alcohol. The present method 
is more rapid and gives a purer product. 

Ferrous Chloride Ethylalcoholate, FeCl,,EtOH.—The reaction was very similar to that in 
which methyl alcohol was used, but the co-ordination compound did not crystallise so readily ; 
it usually crystallised as white needles when the hot mother-liquor, filtered from the excess 
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of iron, was left in a vacuum desiccator. It was extremely soluble, and if the solution was not 
saturated with hydrogen chloride, crystals did not form. They were purified by washing with 
dry ether. In the air they rapidly turned yellow (Found: Fe, 32-45; Cl, 41-31. C,H,OCI,Fe 
requires Fe, 32-31; Cl, 41-04%). 

Ferrous Chloride isoPropylalcoholate, FeCl,,PrSOH.—This salt was very similar to the preced- 
ing one, but it was still less readily crystallisable, and oxidised very much more readily (Found : 
Fe, 31-09; Cl, 40-28. C,H,OCI,Fe requires Fe, 29-73; Cl, 7-76%). 

Ferrous Chloride Monomethylacetate, FeCl,,CH,*CO,CH;.—This salt was prepared in the pure 
state by dissolving iron in an excess of pure methyl acetate saturated with hydrogen chloride. 
A white mass of minute needles was formed, and the excess of hydrogen chloride and ester was 
blown off by a vigorous stream of dry hydrogen. It was hoped to use this method as a check 
on the analyses by converting a weighed quantity of iron completely into the co-ordination 
compound, and weighing this in an atmosphere of hydrogen, but removal of the last traces of 
liquid required an excessive amount of hydrogen. The salt was stable in an inert atmosphere, 
but decomposed rapidly in the air, becoming hydrated and oxidised (Found: Fe, 27-39. 
C,;H,O,Cl,Fe requires Fe, 27-81%). 

A similar salt was formed with ethyl acetate. This was even more readily decomposed, and 
the difficulties of removing the excess of ester were also accentuated. The dry salt gave off 
ethyl acetate on heating, but could not be prepared 
sufficiently pure for analysis. 

The compounds with ether and with chloroform — 
decomposed rapidly in the dry state, and could not — 


peices 
be prepared pure. Both consisted of minute A -, 
white needles (seen under the microscope) which 1 | 














on isolation from mother-liquor gave up the co- 
ordinated liquid; in moist air they were converted 
into the tetrahydrate. Although readily decom- 
posed, these compounds were not oxidised in the 
air as rapidly as the alcoholic compounds. Both 
were insoluble in the mother-liquor. c DIO 

Ferrous Chloride—Ether Compound.—This was oo 
washed free from hydrogen chloride with dry 
ether, and the excess of ether removed on a porous 4 1 | Ke 
plate. The dry compound, which smelt of ether, DUD 
was analysed (Found: Fe, 34-12, 34-23; Cl, 46-45. 

C,H,,OCI,Fe requires Fe, 27-79; Cl, 35-30%). 

Measurement of Conductivity—These were carried out in a cell of special design (see fig.). 
The whole cell was of Pyrex glass, including the delivery tube C, which was bent round (see 
inset) to avoid the electrodes D. These were coated with platinum-black. Beyond the ground- 
glass joints A and B, the apparatus was of soda glass. The experiments were all carried out in 
an electrically controlled thermostat with two glass sides. Hydrogen chloride, made from 
concentrated sulphuric acid and pure sodium chloride which had been previously heated, was 
washed through sulphuric acid, and in the preliminary experiments was dried finally by passage 
through a phosphoric oxide U-tube. Owing to the possibility of the formation of phosphorus 
trichloride (cf. Partington and Fairbrother, Trans. Faraday Soc., 1934, 30, 872, 873), in the final 
measurements the phosphoric oxide tube was replaced by two tubes of anhydrous aluminium 
chloride. Hydrogen chloride was bubbled slowly through the liquid, and measurements of 
conductivity were taken at intervals until saturation was complete. Resistances were measured 
on a calibrated sliding bridge wire, an accurate resistance box being used. The high-frequency 
current was supplied by a Cambridge reed hummer (new type) working on 2 or 4 volts at about 
1000 cycles. At the end of a run the cell was treated with dilute sulphuric acid (if iron had 
been used), then with cleaning acid, and finally steamed out, and dried with a stream of warm air. 

Measurement of Solubility.—These were carried out in the conductivity apparatus. About 
4 c.c. of the saturated solution at atmospheric pressure and 25° were mechanically pipetted into 
a weighed, well-stoppered weighing bottle. After being re-weighed, the bottle was opened under 
an excess of standard alkali, and the acid estimated by back-titration. 

The liquids were all the purest obtainable. They were carefully dried before use and 
distilled straight into the cell, out of contact with atmospheric moisture (see Table III). All 
the glass apparatus was dried, either in an electric oven or by hot air, immediately before each 
run. The cell constant (0-3917) was checked at intervals against standard A.R. potassium 
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chloride solution in conductivity water. In all the conductivity experiments, reduced iron 
only was used, from one large bottle kept in a desiccator. All temperatures were read on 
previously calibrated thermometers. 


TABLE III. 
Purity of liquids used. 


Liquid. -?p. Drying agent and purification. 

Methyl alcohol 66-0°/759 mm. Synthetic alcohol freed from acetone by conversion of 
the latter into iodoform, and dried with sodium. 

Ethyl alcohol 77°7/752 mm. Absolute alcohol dried with CaO, refluxed with CaO, and 
fractionated through glass-wool. 

isoPropyl alcohol ... 80°5/745 mm. Purified by Boot’s; dried over Ca. 

Ethyl ether 35°5/765 mm. Freed from alcohol and acetone; dried with Na. 

Methyl acetate 57°3—57°8/760 mm. Dried P,O;,. 

Ethyl acetate 76°8—77°2/765 mm. Dried P,O,. 

Chloroform 59°5—59°8/729 mm. A.R.; freed from acetone and alcohol; dried P,O,. 

Carbon tetrachloride 77—77°5/760 mm. A.R.; dried P,O;. 

Carbon disulphide ... 46—47/759 mm. Undried. 

Light petroleum 60—80/750 mm. Sodium-dried. 

Benzene 79°5—80/767 mm. A.R.; sodium-dried and redistilled. 

Acetone _ Pure redistilled. 


The author’s thanks are due to the late Professor H. B. Baker for his interest in this work. 
He is also grateful to the Chemical Society for two grants. 


WooLtwicH POLYTECHNIC, Lonpon, S.E. 18. [Received, October 13th, 1934.] 





208. The Reaction of Malonic Acids with Metallic Bases. 
By Ceci, W. Davies. 


IvEs and RILEy (J., 1931, 1998) have prepared a number of metal malonates and measured 
the conductivities of their clear aqueous solutions, but Britton and Jarrett (this vol., 
p. 168) have raised the question : how can a base such as copper hydroxide, which is ordinarily 
precipitated from aqueous solutions at pg = 5-3, yield with an acid as weak as malonic 
acid a normal soluble salt? A 0-04M-sodium malonate solution, as they point out, has 
a py value of 9-06. They answer the question, on the basis of new fy and conductivity 
measurements, by supposing that very extensive hydrolysis exists according to the scheme : 
2H,O + 2CuM == Cu(HM), + Cu(OH),, the hydrogen malonate then hydrolysing still 
further: Cu(HM), + 2*H,O = xCu(OH), + (1 — x)Cu(HM), + 2xH,M. Some of the 
copper hydroxide, they assume, is associated in solution with the hydrogen malonate, 
forming basic aggregates which are maintained in solution in a highly dispersed state. 
These hypotheses seemed unnecessary, and since they will affect work now in progress, 
the available data have been re-examined. Copper malonate has been shown by Riley and 
Ives (J., 1930, 1642; Joc. cit.) to be a weak salt, and one with a strong tendency to form 
complex anions. The dissociation constants for the processes CuM == Cu” + M” and 
CuM,"’ == CuM + M” have been found to be 2-5 x 10°® and 2-8 x 10° respectively 
(Davies, ‘‘ Conductivity of Solutions,” 1933, pp. 110, 190). The following table shows some 
of the figures that were derived in calculating these values; col. 1 gives the total con- 
centration in millimoles per litre, and cols. 2—5 give, in the same units, the concentrations 
of the malonate ion, undissociated copper malonate, the complex anion, and copper ion. 
Col. 6 shows — log mg,, calculated from col. 5, and col. 7 gives ~,, as measured by Britton 
and Jarrett. The agreement between these last two columns shows that the high po, 
values are fully éxplained by the weakness of the salt. 
m. my °. Moun: Moum,’*- Moy". — log mg, (calc.). Pou (obs.). 
20 0°099 18°52 0-690 0°789 3°10 3°07 
10 0°087 9-314 0°300 0°387 3°41 3°38 
5 0-077 4680 0-122 0-199 3°70 3°59 
In these calculations no allowance was made for hydrolysis, but the figures provide a 
basis on which this correction can be made. Taking the second dissociation constant 
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of malonic acid as K = 4-4 x 10-6 (Britton, J., 1925, 127, 1909), and representing the re- 
action of the copper ion as Cu” + OH’ => CuOH’, we can calculate from Britton and 
Jarrett’s measurement, py = 5-54, that in the 0-02M-solution the ions HM’ and CuOH" 
are present at an approximate concentration 6 x 10° g.-mol./l.; the concentrations of 
the other ions are hardly changed from the values shown in the table, owing to the large 
proportion of undissociated salt available. The effect of this hydrolysis on the conductivity 
of the salt is very small, being comparable with the ordinary solvent correction, so that there 
is no reason to doubt the validity of the calculations, and no reason for assuming the presence 
of copper hydroxide in appreciable amounts. A further point of interest in the calculations 
is that they provide the necessary data for estimating the strength of copper hydroxide ; 
for the process CuOQH* == Cu” + OH’, the figures already quoted lead to the approximate 
value K = [Cu“][OH’]/[CuOH’] = 3 x 10°. Copper hydroxide is therefore a weaker 
electrolyte than malonic acid, and this accounts for the low py values found by Britton and 
Jarrett for copper malonate solutions. If the reaction of the copper ion is written in the 
form: Cu”,6H,O == CuOH,5H,0O° + H’, the acid dissociation constant of the cupric 
ion becomes K, = 3 X 107. 

Britton and Jarrett have also studied copper hydrogen malonate solutions. The 
composition of such solutions can be calculated, for it can easily be shown that the amounts 
of CuOH’ and CuM,” present are small enough to be neglected, so that the six species to 
be estimated are H,M, HM’, M’”’, Cu, CuM and H’, and to determine these we have six 
equations, given by the first and second dissociation constants of malonic acid, the dis- 
sociation constant of copper malonate, and the following : [H*] + [HM’] + 2[H,M] = 1/2, 
[Cu] + [CuM] = 1/2v, and 2[Cu”] + [H*] = [HM’]+ 2[M”] for  electroneutrality. 
Solution by successive approximations for v = 800 gives py = 3°45, po, = 3-79, and 
A = 134. The measured values of Britton and Jarrett are respectively 3-57, 3-44, and 
120. The agreement is not exact, and this is partly due to the inevitable approximations 
in the calculations; the conductivity, for instance, is reckoned from mobilities at infinite 
dilution, and activity corrections are neglected throughout. Nevertheless, the agreement 
is sufficiently close to show that the low fg and high 9, values, and the high conductivity, 
do not demand extensive hydrolysis for their explanation; they are primarily due to the 
weakness of copper malonate, the main reaction being expressed by the equation: 
Cu” + HM’ = CuM + H’. 

With zinc and magnesium malonates Britton and Jarrett find smaller anomalies, 
and this is in agreement with the greater dissociation constants of these salts. It can be 
concluded that, although some hydrolysis does occur in solutions of all these salts, yet the 
amount of metal hydroxide produced never exceeds the minute quantities that can be 
maintained in true solution. 

These conclusions do not apply to all of the substituted malonates studied by Riley 
and Ives. According to Gane and Ingold (J., 1929, 1698), the second dissociation constants 
of diethyl- and di-n-propyl-malonic acids are respectively 5-9 x 10°§ and 3-4 x 10°8, 
values approximately 100 times smaller than that of malonic acid itself. Furthermore, 
as will be shown, the tendency to form undissociated molecules and complex anions is 
several hundred times smaller for these salts than for copper malonate. Both factors, 
the weakness of the acid and the greater dissociation of the salt, markedly favour hydrolysis, 
and it is probable that in the highly dilute solutions studied by Ives and Riley (m < 0-0005) 
the disubstituted salts are so extensively hydrolysed as to render the conductivity results 
an unreliable guide to their strength. This opinion is confirmed on examining Riley’s 
potentiometric data (J., 1930, 1642); he found abnormal results for the electrometric 
titration of 0-01M-copper sulphate with sodium diethyl- or dipropyl-malonate. On the 
first addition of the malonate solution, there is a fall in potential corresponding to an increase 
in copper-ion activity; this was attributed to the greater dissociation of the copper mal- 
onate as compared with copper sulphate, but this must be erroneous, for the sulphate-ion 
concentration was maintained constant at 0-01M, and the suggested effect could not occur. 
On further additions there is a region (extending up to a malonate concentration of 0-02M) 
in which the solutions are turbid and the potentials not reproducible, and there can be little 
doubt that hydrolysis is indeed considerable in these solutions. At higher concentrations 
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of the sodium disubstituted malonates the solutions become clear. The potentials are 
now reproducible, but they are quite incompatible with the dissociation constant 
K = [Cu ][X"’]/[CuX] = 4 x 10° derived by Ives and Riley for these two salts (their 
recorded values, which are twice as great, were calculated from g.-equivs.). For instance, 
taking the last row of figures in Riley’s table, we have: total concentration of sodium 
dipropylmalonate = 0-1 g.-mol., total concentration of copper sulphate = 0-01 g.-mol., and 
[Cu] = 5-81 x 10°. Hence [X”’]/[CuX] = K/5-81 x 10-5, and since [X”] cannot be 
much less than 0-08 (the value it would have if the sodium sa!t were strong, but all the copper 
were present as CuX,’’), and [CuX] cannot be as great as 0-01, it follows that K cannot be 
less than 4 x 10, and may be much greater. Separate lines of evidence therefore in- 
dicate that copper diethyl- and dipropyl-malonates are extensively hydrolysed, and that 
conductivity measurements give results of the wrong order of magnitude for the dissociation 
constants of these salts. 


BATTERSEA POLYTECHNIC, S.W. 11. (Received, April 2nd, 1935. ] 





209. The Dissociation Constants of Organic Acids. Part XII. 
A New Buffer: Phenylacetic Acid—Sodium Phenylacetate. 


By WILL1AM L. GERMAN and ARTHUR I. VOGEL. 


THE use of phenylacetic acid as a convenient standard in the measurement of dissociation 
constants of monobasic acids has been described in Part VIII (J., 1934, 166). The ready 
availability of this acid in a state of high purity suggested the use of its partially neutralised 
solutions as buffers, and measurements of the py of such solutions have been made with 
the quinhydrone electrode at 25°. The hydrogen electrode could not be employed owing 
to the catalytic reduction of the acid (see Experimental) which resulted in unsteady and 
drifting potentials. The new buffer solutions cover the pg range 3-16—4-66. The advant- 
ages are: (1) convenience of preparation from a solid, non-hygroscopic acid, the purity 
of which can be readily checked, and (2) stability, owing to absence of mould growth. 

Prideaux and Ward (J., 1924, 125, 428) incorporated phenylacetic acid as a constituent 
of their universal buffer mixture; they employ a value for K,y,... of 5-4 x 10-5; in view 
of the work described in Part VIII of this series (loc. cit.), a slight revision of their pq values 
is necessary. 

A potentiometric titration of phenylacetic acid with sodium hydroxide solution was 
carried out at 25° with the quinhydrone electrode. The value of Kiem, 4:89 x 10-5, 
calculated from the results agrees well with the value 4-884 x 10-5 deduced by conductivity. 
The buffer solutions give Kyperm. = 4°87 X 10-° (compare acetic acid buffer, Morton, Trans. 
Faraday Soc., 1928, 24,1; J., 1928, 1401) and this provides evidence in support of their 
trustworthiness. 

EXPERIMENTAL. 


Preparation of Materials —Phenylacetic acid. The commercial acid was purified through 
the ethyl ester (J., 1934, 166) and had m. p. 76-5—77° after two recrystallisations from benzene— 
light petroleum (b. p. 100—120°). It was kept in a vacuum desiccator over calcium chloride 
until required. 

Sodium hydroxide solutions. These were prepared by the electrolysis of ‘‘ AnalaR ’’ sodium 
chloride with a mercury cathode (compare Jeffery and Vogel, Phil. Mag., 1933, 15, 400) in an 
all-Pyrex apparatus. The amalgam was run out into a Jena-glass weighing bottle containing 
conductivity (equilibrium) water and provided with a soda-lime guard tube. The aqueous 
solution was decanted after 12 hours into a Jena-glass flask, suitably diluted with equilibrium 
water, and standardised with methyl-red as indicator immediately before use against 
constant b. p. hydrochloric acid, prepared by means of the apparatus described in Part V (J., 
1932, 409), and diluted with a weight pipette. 

Quinhydrone. This was prepared by the oxidation of quinol with ferric alum (Biilmann, 
Bull. Soc. chim., 1927, 41, 23), and recrystallised from water at about 70° in an atmosphere of 
nitrogen. The crystals which separated on cooling were collected on a Jena-glass sintered 
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funnel and dried between good-quality filter paper. They were stored in a brown-glass stop- 
pered bottle. One or two days before use, a sample was washed with conductivity water and 
then dried in a desiccator over calcium chloride. 

Calomel electrode materials. The mercury was redistilled, the calomel was prepared electro- 
lytically from this pure mercury and pure hydrochloric acid, and the potassium chloride 
was the “ AnalaR’”’ quality. All solutions were made up with conductivity (equilibrium) 
water. 

A pparaius.—The E.M.F. measurements were made with a Cambridge potentiometer reading 
to 0-1 millivolt, a Tinsley standard Weston cell, and a Tinsley mirror galvanometer of high 
sensitivity. Two Tinsley—Weston cells, with N.P.L. certificate, were employed as standards ; 
these were repeatedly checked against the Weston cell in use with the potentiometer, but no 
variation could be detected. 

All measurements were carried out in an electrically controlled thermostat at 25° + 0-01°. 
The volumetric apparatus was carefully calibrated before use. 

The titration vessel consisted of a 250-c.c. Pyrex bottle provided with four apertures. 
These were used severally for the saturated calomel electrode, a pair of quinhydrone electrodes 
sealed through a stopper, and a mercury-sealed stirrer; all these fitted into the apparatus with 
interchangeable ground-glass joints. The fourth aperture carried the Grade A burette, provided 
with a soda-lime guard tube, and fitted into the titration vessel with a specially treated rubber 
stopper. 

The titration cell was cleaned between each experiment by soaking in chromic acid mixture, 
washed with distilled water, steamed for 6 hours, and then dried in an electric oven at 120°. 

Stirring was also carried out by a stream of nitrogen (Morgan, Lammert, and Campbell, 
J. Amer. Chem. Soc., 1931, 58, 597) derived from a cylinder and purified by passage through 
alkaline pyrogallol solution, conductivity water, solid calcium chloride, and purified cotton- 
wool. The calomel electrode vessels, in Pyrex, were a modification of Clark’s type A (“‘ The 
Determination of Hydrogen Ions,’’ 1928, p. 304); an ungreased, well-ground stopcock in the 
arm of the electrode prevented diffusion of the saturated potassium chloride into the titration 
vessel. The electrodes consisted of two bright platinum sheets, 1-2 cm. square, sealed into a 
ground-glass stopper. Several pairs of these were made, and all fitted into the cell by inter- 
changeable ground-glass joints. The readings of any individual pair employed in the titrations 
did not differ by more than 0-2 millivolt. After use, they were cleaned by 12 hours’ immersion 
in chromic acid mixture, washed well, left for a few days short-circuited in distilled water, 
and then dried in a desiccator. Electrodes which had not been submitted to the last two 
processes did not give consistent results. 

Results—The py values were computed from the formula E = E, + (RT/F) log ay; Eg, 
the normal potential of quinhydrone at 25°, was taken as 0-69969 volt (Harned and Wright, 
J. Amer. Chem. Soc., 1933, 55, 4586; cf. Biilmann and Krarup, J., 1924, 125, 1954); the potential 
of the saturated calomel electrode used was determined by standardisation against the N/10- 
calomel electrode, for which a value of 0-3376 volt was assumed (Clark, op. cit., p. 480), and was 
further checked against M/20-AnalaR potassium hydrogen phthalate (py = 3-974; idem, 
tbid.), the value 0-2458 volt being obtained. 

The cell employed was Hg|Hg,Cl,, KCl (satd.)||phenylacetate buffer, quinhydrone|Pt, 
and the liquid-junction potential was assumed to be negligible. 

The true dissociation constants were calculated from the formula 


Pktwerm. = Pu + log ([acid] — [H’]) — log ([salt] + [H’]) + 0-505 ut — Bu 


(cf. Cohn, J. Amer. Chem. Soc., 1927, 49, 185; Cohn, Heyroth, and Menken, ibid., 1928, 
50, 696; Glasstone, ‘‘ The Electrochemistry of Solutions,’’ 1930, pp. 125, 211). Now u, the 
ionic strength, is small (0-0007—0-005) for the experiments described, so the B term was 
neglected. 

The pq values of the buffer solutions are given below, and also the values of Px therm, 
calculated from the above equation: »* c.c. of 0-01N-sodium hydroxide were added to 50 c.c. 
of 0-01N-phenylacetic acid and made up to 100 c.c. 


BF wvnscoscvess 0-00 2°50 5°00 10°00 15°00 20°00 25°00 30°00 35°00 
Pin oc ercccceeee 3°160 3°449 3-562 3°779 3°966 4°140 4:308 4°473 4°658 
Px therm. = 4°310 4-314 4-314 4°310 4°313 4°316 4°312 4311 


The details of the potentiometric titration of 100 c.c. of 0-01N-phenylacetic acid with 
0-01N-sodium hydroxide are in the table below, together with the values of the ionic strength 
30 
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and Pxitem.; the two values of E refer to the two electrodes employed. In deducing the 
mean value of Ktherm, 4°89 x 10-5, the figures in parentheses, where the solutions are poorly 
buffered, viz. at the beginning and the end of the titration, have been omitted. 


Potentiometric titration of 100 c.c. of 0-01N-phenylacetic acid with 0-01N-sodium hydroxide. 
E.M.F. x 104, E.M.F. x 104, 

NaOH, volt. 105, NaOH, volt. 105, 
c.c. E,. E,. Pu. Bb. Kinerm: c.c. E,. E,. Pu. HB. Kinerm. 
0°00 2676 2674 3:160 0°00069 — 45°00 2054 2054 4211 0°00316 4°88 
5°00 2578 2578 3326 0:00095 [5°04] 50°00 2004 2004 4-297 0-00338 4°86 

10°00 2484 2482 3485 0°00124 494 55°00 1956 1956 4379 0-00359 4°89 
15°00 2396 2396 3°627 0°00154 485 60°00 1903 1903 4-468 0°00378 4°83 
20°00 2332 2332 3°740 0°00185 4:94 65°00 1848 1848 4:554 0°00397 4°92 
25°00 2266 2264 3°854 0°00214 4:84 70°00 1790 1790 4-653 0°00414 4:90 
30°00 2220 2220 3°932 0°00242 4:88 75°00 1716 1716 4778 0°00430 [4°71) 
35°00 2150 2150 4:057 0°00277 490 80°00 1628 1628 4-927 0°00446 [4°44] 
40°00 2104 2104 4:127 0°00293 4:88 90°00 1306 1306 5:478 — Poa 
ean 4° 


Catalytic Reduction of Phenylacetic Acid.—5 G. of phenylacetic acid in rectified spirit were 
shaken in an atmosphere of hydrogen in the presence of 0-1 g. of Adams’s platinum oxide 
catalyst; about 75% of the theoretical quantity of hydrogen was absorbed during the first 
6 hours, and the remainder more slowly. The alcohol was distilled off, and the ester in the 
residue hydrolysed by 6 hours’ boiling with 50% potassium hydroxide solution. An excellent 
yield of cyclohexylacetic acid was obtained on acidification. 


The authors’ thanks are due to the Royal Society and Imperial Chemical Industries for 
grants. 


WooLwicH PoLyTEcuHNic, Lonpon, S.E. 18. [Received, March 12th, 1935.] 





210. The Formation of Dithionate by the Oxidation of Sulphurous 
Acid and Sulphites. 


By Henry Bassett and ALAN J. HENRY. 


THE object of the present work was to obtain some insight into the nature of solutions of 
“ sulphurous acid ”’ and into the mechanism of dithionate formation. 

Hydrolysis of Dithionic Acid.—Miiller (Bull. Soc. chim., 1909, 5, 1119; 1911, 9, 183), 
Yost and Pomeroy (J. Amer. Chem. Soc., 1927, 49, 703), Ishikawa and Hagisawa (Sci. Rep. 
Tohoku, 1932, 21, 484), and Goldfinger and von Schweinitz (Z. physikal. Chem., 1933, 
[B] 22, 117) have measured the rate of hydrolysis of dithionic acid in presence and in absence 
of oxidising agents. Since the latter do not affect the rate, it is concluded that the hydrolysis 
is irreversible. Our measurements in general confirm the results of these workers. The 
hydrolysis follows a unimolecular course, and the rate is directly proportional to the 
hydrogen-ion concentration. The constant K = 2-3/é[H"] . log a/(a — x) (¢ being in seconds) 
has the value 4 x 10-8 at 15° and 5 x 10“ at 100°. The hydrolysis had not previously 
been examined below 50°. In the experiment at 15°, 0-1M-dithionate and 5-9N-hydro- 
chloric acid were used, and the hydrolysis was approximately unimolecular over a period 
of 128 days, during which 92-6°%, hydrolysis had occurred. It was evident from these 
experiments that, even if the hydrolysis were reversible, the position of equilibrium under 
any ordinary conditions would correspond to the presence of only a small proportion of 
dithionate. 

Meyer (Ber., 1902, 35, 3439) failed to synthesise dithionic acid by the action of sodium 
sulphite or bisulphite on ferrous or manganous sulphates in presence of dilute sulphuric 
acid. We attempted its synthesis from the products of its hydrolytic decomposition under 
the most varied conditions of temperature, concentration, acidity, and relative proportions 
of sulphurous and sulphuric acids or of sulphite and sulphate and acid. Many of the 
mixtures were analysed at intervals over long periods of time. All the experiments gave 
negative results and need not be quoted in detail. Attention is, however, directed to Expt. 
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G which has a bearing on the matter. We conclude, therefore, that the hydrolytic de- 
composition of dithionic acid is definitely irreversible. Moreover, we repeated the ex- 
periment of Baumgarten (Ber., 1932, 65, [B], 1645), who stated that dithionate is formed in 
relatively large amounts by the action of potassium pyrosulphate on a solution of potassium 
pyrosulphite and bicarbonate, but failed to detect any dithionate. Our pyrosulphite 
was carefully selected, large, clear crystals, almost entirely free from opaque oxidised 
m, material : this is important, since such material contains about 24% of potassium dithionate 
‘ (see p. 916); however, Baumgarten’s yields of supposed dithionate seem to be too great to 
have originated in this way. 

‘ Oxidation of Sulphurous Acid by Chlorine, Iodine, or Hydrogen Peroxide.—It is important 
) 

| 





he 
rly 


to note that all oxidising agents are without action upon dithionic acid unless conditions 
] are such as to cause its hydrolysis. The non-appearance of dithionic acid among the 
] oxidation products of sulphurous acid by any given oxidant cannot therefore be explained, 
as has sometimes been attempted, by supposing that it was first formed and then further 
oxidised to sulphate. 

Chlorine, iodine, and hydrogen peroxide all appear to yield traces of dithionate in the 
oxidation of sulphurous acid (Expts. A and C), but the amount is very small even when 
~~ concentrated solutions are used. Oxidation of pyrosulphite solutions gives the highest 
yield of dithionate, just as in the case of atmospheric oxidation. For these experiments, 
we used both the potassium and the sodium salt, but the former is more suitable as it is 
obtained more readily in large crystals, which can be freed almost entirely from any 
or oxidation product, but even perfectly clear unoxidised crystals may contain appreciable 
amounts of dithionate, for which allowance must be made (Expt. B). The sodium salt 
appears to contain much more dithionate, and even sodium sulphite heptahydrate crystals 
are liable to contain traces (Expt. B). 

The results of Expt. C seem to show that iodine produces a small amount of dithionate. 
The proportion of dithionate to sulphate appears to be very sensitive to the experimental 
conditions and to vary with acidity and concentration in the same sort of way as when 
gaseous oxygen is the oxidising agent. The largest amount of dithionate formed in the 
iodine experiments corresponded to only about 0-8°% of the total oxidation. 

The usual method of estimating sulphurous acid or sulphites by addition to excess of 


of standard iodine and back titration with thiosulphate must give slightly low results for 
total sulphur dioxide. The error would be equal to half the percentage of dithionate 

)s formed by the iodine, and under ordinary conditions of analysis would probably approximate 

b. to 0-1% so far as can be judged from the results of Expt. C. 

3, Hydrogen peroxide acting upon potassium pyrosulphite also produced small amounts 

e of dithionate, but the largest amount obtained only corresponded to about 1% of-the 


is sulphite oxidised (Expt. C); the crystallised normal sodium sulphite afforded no trace of 
le dithionate. 

ie Volhard (Annalen, 1887, 103, 242), Spring and Bourgeois (Bull. Soc. chim., 1886, 46, 
) 151; 1891, 6, 920; Arch. Pharm., 1891, 229, 707), and Otto (cbid., p. 171; 1892, 230, 1) 
y found that oxidation by iodine produced only sulphate. Thénard (Aun. Chim. Phys., 1818, 


‘s 8, 306) and Meyer (Ber., 1901, 34, 3606) found that hydrogen peroxide yielded only sulphate, 
d but Nabl (Monatsh., 1901, 22, 737) stated that when acting upon a large excess of barium 
e sulphite, it always formed a little dithionate. 

T The Oxidation of Sulphurous Acid and Sulphites by Free Oxygen.—Little attention has 
if been paid to the formation of dithionate during the oxidation of sulphurous acid and its 


salts by free oxygen, and although Franck and Haber (Ber. Berl. Akad., 1931, 250) and 
Haber and Wansbrough-Jones (Z. physikal. Chem., 1932, [B], 18, 103) attached great im- 
portance to its formation in connection with their theory of the chain mechanism of sulphite 
oxidations, yet they did not conclusively demonstrate the point. We have now separated 
and identified the dithionate as the potassium salt (Expt. D). 

Mineral acid greatly retards the rate at which sulphurous acid reacts with free oxygen, 
which makes it likely that free sulphur dioxide in the aqueous solution is not directly 
oxidised in this case. 

Expt. E and Tables II and III give our results obtained in the oxidation of sulphurous 
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acid and sodium pyrosulphite with free oxygen. They show that the proportion of di- 
thionate produced depends to a large extent upon the concentration of total sulphur dioxide, 
and, in a general way, increases with this. Up to a point, increase in acidity is favourable 
to dithionate formation, so that for each sulphur dioxide concentration there is an acidity 
which leads to a maximum proportion of dithionate. With progress of the reaction, acidity 
increases and total sulphur dioxide decreases, so the maximum proportion of dithionate 
is generally formed, not at the beginning of the oxidation, but at a later stage or, in dilute 
solutions, near the end. 

The proportion of sulphate and dithionate formed remains essentially the same when the 
atmospheric oxidation is carried out in a waxed bottle [Expt. E (ii)]._ This shows that in 
all probability neither sulphate nor dithionate formation is due to a reaction occurring at 
the glass-solution interface. 

We have shown that oxidation of solutions of sodium sulphite by oxygen follows a 
unimolecular course and that no dithionate is produced. 

It is stated by Foerster, Brosche, and Norberg-Schulz (Z. physikal. Chem., 1924, 110, 
476) that potassium pyrosulphite is stable, and although this may be true for dry crystals 
exposed to dry air, it is incorrect if they are subject to moist air, for then they oxidise at 
an appreciable rate. We have found that the oxidation product is not sulphate, as is 
usually stated, but a mixture of sulphate and dithionate containing about 24%, of the latter : 
on the other hand, a saturated solution of sodium pyrosulphite gives a maximum yield of 
about 9%, of dithionate (see Table III). A possible explanation of this difference is given 
on p. 918. 

Oxidation of Pyrosulphites——The oxidation of solutions of scdium pyrosulphite is 
described in Expt. E (iii), and the results are given in Table III. The ratio of dithionic 
acid to total oxidised sulphur dioxide increases rapidly at first with increasing concentration, 
then slows down and becomes nearly constant in concentrated solution. 

Old bisulphite solutions which have been exposed to air may contain large amounts of 
dithionate in addition to sulphate. A 6—10-year old sample cf ‘‘ ammonium bisulphite ”’ 
in a stoppered bottle had deposited much solid ammonium sulphate and sulphur as a result 
of the photochemical change 3H,SO, —> 2H,SO, + S + H,O, and much dithionate and 
sulphate had been formed also by atmospheric oxidation. A complete analysis of the mix- 
ture was made (Expt. F). Allowing for sulphate formed in conjunction with sulphur by 
the above reaction, it was found that 25-6% of the sulphur dioxide which had suffered 
atmospheric oxidation had yielded dithionate. The total sulphur and sulphur compounds 
present in the mixture showed that the solution was initially about 18N, sc the high yield 
of dithionate is reasonable when compared with the results obtained with sodium pyro- 
sulphite. The above assumption, that all the dithionate had resulted from atmospheric 
oxidation and none from the photochemical change, was justified by the results of Expt. 
G, in which an approx. 16N-ammonium bisulphite solution in a sealed tube was exposed 
to diffuse daylight for 4 years: 90-6°% of the sulphurous acid had then decomposed to 
sulphur and sulphuric acid, but no dithionate cculd be detected. A similar solution kept 
in the dark slowly underwent the same change, but a trace of dithionate appeared to be 
formed. The absence of dithionate is important, not only from the point of view of the 
above photochemical change, but also because it supports the view that synthesis of 
dithionate from sulphate and sulphite is not possible, for if so, some should have been 
formed in both tubes of Expt. G. 

Oxidation of Solid Pyrosulphite and Sulphite—Examination of a 20-year old specimen 
of large crystals ‘of potassium pyrosulphite kept in a corked bottle showed that it was largely 
converted into opaque pseudomorphs. The oxidised product forming most of the crystals 
was approximately homogeneous throughout, as shown by analysis of different layers, 
and consisted of a mixture of sulphate and dithionate, the latter representing 23—24%, of 
the sulphur dioxide oxidised. There was also a very small proportion of potassium hydrogen 
sulphate. Finely powdered pyrosulphite yields much less dithionate (2-35°%), because 
much of the dioxide escapes before oxidation occurs. 

In a very dry atmosphere (over calcium chloride or sulphuric acid) no oxidation occurs 
even in pure oxygen. The drier the atmosphere the slower the oxidation but the higher 
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the proportion of dithionate, probably because escape of sulphur dioxide is correspondingly 
slower; for instance, after 3 years’ exposure of large crystals of potassium pyrosulphite in 
Khartoum, where the relative humidity of the air is very low, especially for 9 months in 
the year, the oxidised layer contained dithionate corresponding to 29% of the total oxidised 
sulphur dioxide. This is not a temperature effect, for lower values for dithionate are 
found, even in Khartoum, in an artificially moistened atmosphere. 

A 20-year old sample of sodium sulphite heptahydrate powder was found to consist 
of Na,SO,, 12-43; Na,SO,, 54-85; Na,S,0,, 0-07%, the balance being water. On the 
assumption that there was originally 0-028% of Na,S,0,,2H,O (see Expt. B), it appears 
that only 0-065°% of the oxidised sulphite is dithionate. 

Oxidation by Permanganate and Dichromate.—Both dithionate and sulphate are formed 
when sulphurous acid is oxidised by permanganate in acid solution (Péan de St. Gilles, 
Ann. Chim. Phys., 1859, 55, 374). Berthier (ibid., 1843, 7, 77) first showed that some 
dithionate is formed during the oxidation of sulphurous acid by chromic acid. The reaction 
was further examined by Bassett (J., 1903, 83, 692), who found that about 9—11°% of the 
sulphurous acid oxidised yielded dithionate, the proportion being apparently independent 
of concentration, temperature, and acidity, as in the case of the permanganate reaction 
(Dymond and Hughes, J., 1897, 71, 314). More recent experiments indicate that the above 
figure was too high and should be reduced to about 4%. 

The constancy in the proportion of dithionate formed under varying conditions by the 
two oxidising agents is very remarkable and it seemed desirable to examine the matter more 
fully. The dithionate formed in the chromic acid reaction was isolated as the potassium 
salt (Expt. H). 

Various methods were tried for determining the exact proportion of dithionate formed 
in these reactions, and the influence of concentration and acidity. Atmospheric oxidation 
is hard to eliminate completely because any dissolved oxygen is activated by the other 
reactions (Expt. I). If sulphurous acid is added in excess to potassium dichromate 
without the previous addition of sufficient sulphuric acid, some of the sulphite becomes 
masked so that it is subsequently only slowly oxidised by iodine (see Bassett, loc. cit.). 
To avoid error on this account several hours should elapse before titration of excess iodine. 
Several series of volumetric experiments were made (Expt. J), and in one series liquid 
sulphur dioxide was used in order to eliminate uncertainties due to its solution. The 
results thus obtained are probably the most accurate afforded by volumetric methods. 

In other series of experiments the dithionate formed was determined gravimetrically 
(Expt. K). These estimations are probably more accurate than the volumetric, although 
they have the disadvantage that a very large amount of precipitate has to be separated 
before one can determine the dithionate. 

It seems clear that, within the limits of accuracy of the experiments, the proportions of 
dithionate and sulphate formed in the dichromate and the permanganate reaction are 
unaffected by variations in the concentration or acidity of the reactants. A consideration 
of all the results indicates that for the dichromate reaction approximately 4% of the sulphur 
dioxide oxidised is converted into dithionate, while for the permanganate reaction the 
proportion is 18 or 19%. 

When excess of strongly acid permanganate was used, a normal value for dithionate 
formation was obtained (18-85%), but when excess of neutral permanganate reacted with 
solid potassium pyrosulphite a much higher proportion (24-1%) was formed. Under these 
conditions insufficient acid was present to permit complete reduction to manganous salt 
(2KMnO, + 2K,S,0,; = 3K,SO,-+ MnSO,+ MnO,). This at first sight appears to indicate 
that a higher proportion of dithionate is formed in the reduction stage MnO,’ —> MnO, than 
in the stage MnO, —> Mn”, but this can hardly be, since the latter stage is said to yield 
about 70°% dithionate (Carpenter, J., 1902, 81,1; Spring and Bourgeois, Joc. cit.). It seems, 
then, safer to say that the former stage yields more dithionate than does the complete 

reduction MnO,’—> Mn”. This suggests that the complete reduction of permanganate 
by sulphurous acid does not normally involve the stage MnO, —> Mn”. The formation 
of the dioxide under acid conditions is probably due to oxidation of manganous by perman- 
ganate ions. 
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DISCUSSION. 


Any explanation of the mechanism of the oxidation of “‘ sulphurous acid” must take 
into account the following facts. (1) Oxidation of alkaline solutions of sulphites usually 
produces only sulphate. (2) Solid alkali pyrosulphite on atmospheric oxidation yields 
a high percentage of dithionate, whereas solid normal alkali sulphite yields the merest 
trace. (3) Sulphurous acid and acid sulphite solutions yield on atmospheric oxidation 
mixtures of sulphate and dithionate, the proportion of the latter increasing rapidly with 
the concentration of the solution and also depending on the acidity : for each concentration 
of sulphurous acid there is an acidity at which there is a maximum yield of dithionate. 
(4) Oxidation of sulphurous acid by chlorine, iodine, or hydrogen peroxide produces mainly 
sulphate and very little dithionate, the proportion of which appears to depend upon con- 
centration and acidity. (5) Potassium permanganate and dichromate in acid solution 
oxidise sulphurous acid in rapid homogeneous reactions to produce a mixture of sulphuric 
and dithionic acids in proportions which are different in the two cases but remain constant 
in each case over a wide range of concentrations and acidities. In alkaline solution, per- 
manganate gives only sulphate (Fordos and Gélis, J. Pharm., 1859, 36, 113; Péan de St. 
Gilles, loc. cit.; Honig and Zatzek, Monatsh., 1883, 4, 738). 

All these facts seem to admit of a satisfactory and consistent explanation on the 
following lines: From (1) we conclude that the sulphite ion never yields anything but the 
sulphate ion on oxidation. There is X-ray evidence to show that the alkali pyrosulphites 


0 ” 
have the structure M,|9>S-S<6 | (Zachariasen, Physical Rev., 1932, 40, 923), and it 
must be concluded that they are oxidised directly to dithionate with the structure 


OW soy 
M, Ir which again agreeg with the X-ray evidence (Huggins and Frank, 
O 


_O 
ibid., 1928, 31,916; J. Min. Soc. Amer., 1931, 16, 580; Helwig, Z. Krist., 1932, 83, 485; 
Hiagg, ibid., p. 265). 

Oxidation of sulphurous acid solutions by free oxygen is a chain reaction occurring 
in the bulk of the solution. This may be assumed to contain proportions of SO,, SO,”, 
S,0,"’, H,SO3, H,S,0;, HS,0;’, HSO,’ (sulphonic), and HO-SO,’ (sulphurous) which depend 
upon the total sulphur dioxide concentration and upon the pg. The only constituents 
identifiable by spectroscopic methods are SO,, HSO,’, and SO,” (Albu and Goldfinger, 
Z. physikal. Chem., 1932,[B], 16, 338), but according to Fadda (Nuovo Cim.,1932,9, 227) only 
S,0,”’ and not HSO,’ frequencies occur in the Raman spectra of sodium bisulphite solutions. 
If the reasonable assumption is made that H,S,O; is a stronger acid than H,SOs,, and that 
HS,O,’ is stronger than HSO,’, then increase in acidity will favour pyrosulphite species 
(i.e., S30;", HS,O,’, and H,S,O;) at the expense of sulphite species (¢.e., SO,”, HSO,’, 
and H,SO,). As oxidation by free oxygen proceeds, the solution becomes more acid as 
sulphuric and dithionic acids replace the weaker sulphurous and pyrosulphurous acids, 
and the proportion of dithionate formed should increase if it results from direct oxidation 
of pyrosulphite species. On the other hand, total sulphur dioxide diminishes as oxidation 
proceeds, and this favours a shift of the sulphite equilibria in the opposite direction. These 
two opposing effects will lead to a maximum in the dithionate/sulphate ratio at some inter- 
mediate stage in the oxidation. 

The observations made on the atmospheric oxidation of solid alkali pyrosulphites agree 
with the view that oxidation occurs in an adsorbed moisture film. Since this is bounded 
on one side by solid pyrosulphite with which the reaction chains would be involved, the 
production is explicable of a higher proportion of dithionate than in a very concentrated 
homogeneous solution, in which much of the pyrosulphite is hydrolysed. 

Franck and Haber (loc. cit.), Haber and Wansbrough- Jones (Joc. cit.), and Albu and von 
Schweinitz (Ber., 1932, 65, 729) interpret the photochemical decomposition of sulphurous 
acid or sulphites and their oxidation by free oxygen and most other reagents in terms of 
reaction chains involving neutral HSO, or singly charged SO,’. Dithionate formed in 
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such reactions is supposed to result from dimerisation of HSO, or SO,’, which causes breaks 
in the chain. These assumptions do not seem adequate to explain our results. In any 
case we could not find evidence of dithionate formation either in the oxidation of dissolved 
sodium sulphite by free oxygen, or in the photochemical decomposition of bisulphite 
solutions in absence of tree oxygen (Expt. G). 

The traces of dithionate formed in the atmospheric oxidation of solid crystallised sulphite 
are due, we think, to oxidation of small amounts of S,0,” present in the solution or moisture 
film in which the oxidation occurs; the aqueous solution of the sulphite is alkaline to 
litmus owing to hydrolysis, and the presence of pyrosulphite in the saturated solution 
film appears highly probable. The #g of concentrated solutions is between 9-5 and 10. 
We would ascribe a similar origin to the small amounts of dithionate found by Nabl (loc. 
cit.) in the action of hydrogen peroxide on barium sulphite. 

The photochemical decomposition studied by us evidently differed from that considered 
by Haber, since free sulphur and not free hydrogen was liberated. According to Haber 
and Wansbrough-Jones (loc. cit.), the formation of dithionate by anodic oxidation is also 
due to the same reaction chains mentioned above and to dimerisation of neutral HSOs. 
It seems that Franck and Haber’s chain mechanism could be improved by including a 
step such as HSO, + O, + S,0;’’ + H,O = SO,” + S,0,” + OH + 2H’, in which the 
S,0,”’ ion is oxidised. 

Formation of dithionate by permanganate and dichromate cannot be due to oxidation 
of H,S,O; or S,O0,”’ for in that case it would depend upon the concentration and acidity, 
neither can the sulphate and dithionate result from independent oxidation of sulphurous 
acid, H,SO;,and of sulphonic acid, HO*SO,H, to sulphuric and dithionic acids respectively, 
for although the proportion of these would be independent of the concentration * the rate 
at which the latter would be formed would be expected to fall off with dilution far more 
quickly than would the rate of formation of the former, which would, presumably, be a 
reaction of a lower order. The experimental results can be accounted for by supposing 
that a complex addition product is first formed very rapidly from the permanganate or 
dichromate and sulphurous acid, or from some intermediate stage in the reduction of the 
oxidant, and then decomposes, also very rapidly, by self-oxidation and -reduction in two 
different and independent manners to yield both sulphate and dithionate. Experimental 
evidence of such a two-stage reaction is to be found in the action of sulphurous acid on 
freshly precipitated ferric hydroxide, the first product being a reddish solution of complex 
ferric sulphite which slowly bleaches with a nearly quantitative yield of dithionate and only 
a very small amount of sulphate (Berthier, loc. cit.; Gélis, Bull. Soc. chim., 1863, 5, 333; 
Ann. Chim. Phys., 1862, 65, 222; Seubert and Elten, Z. anorg. Chem., 1893, 4, 86; Meyer, 
Ber., 1901, 34, 3606; Carpenter, loc. cit.). 

That a complex sulphite ion is involved in these reactions is also shown by the behaviour 
of silver sulphite; when prepared by addition of sodium sulphite solution to excess of 
silver nitrate, it forms a white precipitate which is only slowly affected by boiling with water. 
It is soluble in ammonia giving a solution which appears to be stable towards heat. The 
silver sulphite dissolves in sodium sulphite solution, and on warming, the metal is all rapidly 
precipitated, a large amount of dithionate being formed (Baubigny, Compt. rend., 1909, 
149, 735, 858; 1910, 150, 466). 

With metals like silver, copper, or ferric iron, there can readily arise anionic complex 
sulphité ions such as [Ag(SO,),]’"’ or [Fe(SO,)3]’"". Complexes of this type are evidently 
likely to undergo self-oxidation and -reduction if the metal ion is easily reducible to metal 
or to a lower valency stage. 

If two SO,” ions of such complexes each surrender an electron to the metal ions, the 
SO,’ groups could readily link up to form the dithionate ion. In the cases mentioned at 
least two complexes would be involved. It is just as easy, however, for sulphate to be 
formed by a similar mechanism. The SO,” ion loses an electron to the metal ion, and on 
collision with another complex the second electron is lost by the partially discharged sulphite 
group and neutral SO, results, which at once reacts with water to give sulphuric acid. 


* Since they are related by the equation (HO),SO —= HO*SO,H, 
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Since the same complex gives rise to either sulphate or dithionate by reactions of the 
same order, it follows that the proportion of the two oxidation products should be essentially 
independent of concentration, acidity, etc., and depend almost entirely upon the nature 
of the oxidising metal ion. As, moreover, this mechanism yields dithionate by oxidation 
of bound sulphite ions, there is no reason why it should not operate sometimes under alkaline 
conditions. This happens with cupric salts (Baubigny, Ann. Chim. Phys., 1910, 20, 12; 
Compt. rend., 1912, 154, 701; Albu and von Schweinitz, loc. cit.). 

Permanganic and chromic (or dichromic) acids could give rise to complex sulphite 
anions of the heteropolyacid type by addition of one or more sulphur dioxide molecules 

O , 
to the MnO,’, CrO,”, or Cr,0,” ion. Such complexes, ¢.g., DMn{ |, would 
O O+>SO, | 
clearly be very unstable and could break down, in precisely the same way as those previously 
considered, to yield either sulphate or dithionate, both of which can be regarded as formed 
by oxidation of sulphur dioxide, not of sulphite ions or pyrosulphite. 

Decomposition of a sulphite complex could only give rise to dithionate in cases where 
just one electron is absorbed from an SO,” by the metal ion. If two were absorbed, the 
sulphur trioxide so formed could only yield sulphate, for we have been unable to produce 
dithionate from sulphite and sulphate. This renders it likely that any reduction of a 
metal ion by two valency units, e.g., Pb’°——> Pb”, would yield only sulphate. It 
appears that lead peroxide absorbs sulphur dioxide fairly readily with formation of the 
sulphate only (Wilsdon and McConnell, J. Soc. Chem. Ind., 1934, 53, 3857). 

According to Rammelsberg (Pogg. Ann., 1846, 67, 504), mercuric oxide yields no di- 
thionate, and this may be for the above reason, since the mercurous ion formed as an inter- 
mediate step in the reduction by sulphite is considered to be a complex “ mercuric ” ion 
[Hg>Hg")]. Its formation therefore corresponds to reduction of half of the mercuric 
ions to neutral mercury atoms in one step, followed by co-ordination of the neutral atoms 
to mercuric ions. 

Manganese dioxide affords a large yield of dithionate, and since the tervalent stage of 
manganese is well defined, it is probable that the reduction occurs in the two steps. On 
the other hand, it is also possible that in some circumstances the one-stage reduction 
Mn“ —-> Mn” may also occur, yielding only sulphate. This may account for the puzzling 
statements in the literature as to the effect of various pre-treatments of the dioxide upon 
the yields of dithionate. If the reaction always went in the two stages by the complex 
sulphite-ion mechanism, we should have expected the proportion of dithionate formed to 
be nearly independent of conditions such as concentration of sulphurous acid, acidity, 
temperature, state of division, etc., whereas it is stated to be largely dependent upon some 
of them (Heeren, Pogg. Ann., 1826, 7, 55; Spring and Bourgeois, Bull. Soc. chim., 1886, 
46, 151; Spring’s ‘‘ Collected Researches,” p. 1123). 

The possibility that two SO,” ions in one complex ion such as [Mn(SO,),]’’ could each 
lose one electron to the Mn*™ ion at the same instant of time and then unite to give S,O,” 
seems much less likely than that the two halves of the S,0,”’ come from two separate 
complexes. 

Dithionate can also be formed in alkaline solution by electrolytic oxidation, and we 
believe that this process is essentially similar to that occurring in the complex-sulphite- 
ion mechanism just discussed. The only difference is that the SO,” ion surrenders either 
one or two electrons to the solid metal of the positive electrode instead of to a metal ion. 
If two SO,” ions each lose one electron and collide immediately before or after that event, 
a dithionate ion results. If, however, SO,’’ loses both electrons, sulphate is formed. The 
oxidation on this interpretation is purely electrochemical. Glasstone (J., 1933, 829) 
considers that the dithionate is a secondary product due to oxidation of sulphite by hydrogen 
peroxide formed electrochemically, but direct experiment did not support this view, for 
he could only obtain 1—2% of dithionate by the action of hydrogen peroxide on sulphite. 
Even this yield was probably fallacious and due to dithionate present in the potassium 
pyrosulphite used as the source of sulphite ions. We could find no production of dithionate 

in the action of hydrogen peroxide on sodium sulphite (Expt. C), and only 0-5—1% was 
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formed when 3N-hydrogen peroxide acted upon solid potassium pyrosulphite, the conditions 
most likely to give the best yield of dithionate. 

Glasstone’s decision against the purely electrochemical origin of dithionate in the electro- 
lytic oxidation was based upon the effect of various anodic treatments upon the yield of 
dithionate, and upon the fact that the addition of catalysts which decompose hydrogen 
peroxide reduced the yield of dithionate. It seems to us that these factors may equally 
well affect the proportions in which the sulphite ion undergoes single or double discharge, 
and hence would affect the dithionate : sulphate ratio in the oxidation products (see p. 919). 
The singly charged SO,’ would doubtless remain attached to the electrode until it reacted 
with water or until an SO,” ion came sufficiently close to link up with it, after itself losing 
an electron. For this reason the rate of formation of dithionate would only depend upon 
the first power of the sulphite concentration, as does the rate of formation of sulphate. This 
explains why the ratio of dithionate to sulphate was practically independent of the sulphite 
concentration in Glasstone’s experiments, a fact which was not explained by his theory. 

The singly charged SO,’ would also tend to react with water: SO,’ + HOH —> 
HSO,’ + OH. Any factor which facilitates the liberation of oxygen from hydroxyl 
(20H = H,O + 0; 20 =0O,) would tend to favour this mode of reaction of the SO,’ 
and so diminish the amount of dithionate formation. It seems likely that catalysts which 
decompose hydrogen peroxide would also catalyse this decomposition of hydroxyl, and this 
may be another reason for the effect of such catalysts observed by Glasstone. 

Structure of Pyrosulphurous Acid.—The yellow solutions obtained by saturating con- 
centrated alkali-metal or ammonium bisulphite solutions with sulphur dioxide have been 

O “| 
previously explained on the basis of a compound Hy 9 S i isomeric with pyro- 
O 


sulphurous acid H,| O SOS 41 The yellow isomeride was considered to owe its colour 


to the presence of a 10-electron sheath on the sulphur atom to which the sulphur dioxide 
becomes attached (Bassett and Durrant, J., 1927, 1409). This explanation is at first sight 
opposed to the view now held that the solid pyrosulphites (metabisulphites)—which are 


O O Lad 
colourless—have the structure M,"” O S S . Wedo not consider that this is the case, 
_ 0 O 


however. No solid yellow pyrosulphites are known, the yellow compounds only being 
formed in aqueous solutions which are strongly acid, so that it is reasonable to suppose 
that they are themselves acids or potential acids. On the assumption that alkali hydrogen 
O oO; 
sulphite may be written | »sg | the yellow addition compound is regarded as 
HO 
/ O 70/0 
* <8 } It seems very probable that this structure with the decet of 
HO O 
electrons on the one sulphur atom would become unstable if the hydrogen atom ionises or 
is replaced by ionic M*. The flux of electrons is then reversed, with formation of the 


Li 


colourless M,* “eeude o | >in which both sulphur atoms have octets. 
4 
O 


Owing to the instability of sulphurous acid, a sufficient concentration of | »st | 
HO 

ion for visible formation of the yellow complex ion can only be obtained in presence of 

considerable concentrations of alkali or ammonium sulphite. Were sulphurous acid 

sufficiently stable, one would have expected the formation of the yellow compound to occur 

more readily from the un-ionised acid than from the HSO,’ ion, but actually, yellow sul- 

phurous acid solutions cannot be obtained in absence of sulphites. 
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If the above view of the nature of the yellow acid and of its isomerism with the colourless 
pyrosulphite is accepted, it does not appear so necessary to suppose that a colourless pyro- 


sulphurous acid with the structure HO—S—O—S—OH also exists. 
v v 
O O 

It is well known that the oxidation of sulphurous acid and sulphites by gaseous oxygen 
is very sensitive to the influence of catalysts, both positive and negative (cf. Meyer, Ber., 
1887, 20, 3058; Titoff, Z. physikal. Chem., 1903, 45, 641; Reinders and Vlés, Rec. trav. 
chim., 1925, 44, 249; Bigelow, Z. physikal. Chem., 1898, 26, 493; Moureu and Dufraisse, 
J. Soc. Chem. Ind., 1928, 47, 819, 848). The oxidation is accelerated by light, the efficiency 
being of the order of 50,000 molecules per quantum. High quantum yield and suscept- 
ibility to the action of inhibitors are two important characteristics of chain reactions, and 
there seems no doubt that the oxidation of sulphite and sulphurous acid by gaseous oxygen 
follows a chain mechanism (Backstrém, J. Amer. Chem. Soc., 1927, 49, 1460; Trans. 
Faraday Soc., 1928, 24, 714; Christiansen, ibid., p. 714; Alyea, J. Amer. Chem. Soc., 1930, 
52, 2743). 

The chain mechanism gives the best explanation of the results obtained in the following 
experiments. Methylene-blue is reduced, comparatively slowly, by sulphurous acid, the 
leuco-base and sulphuric acid being formed. Since the leuco-base is fairly rapidly re- 
oxidised by free oxygen, it was thought that the oxidation of sulphurous acid by oxygen 
might be positively catalysed by methylene-blue. Strong inhibition was, however, found 
[Expt. L, Table VI (a) and (6)], whilst it also appeared that the bottle in which methylene- 
blue had been used had been “ poisoned.”” This suggested that the oxidation of sulphurous 
acid was a surface reaction occurring on the glass—solution interface, but as it was found that 
oxidation occurred at the same rate in a bottle which had been well coated internally 
with paraffin wax as in an uncoated bottle (Expt. M), this view had to be abandoned. 
Methylene-blue inhibited the reaction just as effectively in the waxed as in the unwaxed 
bottle and the former also became poisoned. This poisoning effect seemed to support 
the view that the reaction was a surface one, but it was found that the methylene-blue 
or the leuco-base is not at all readily removed completely from the bottles. This, no 
doubt, is due to adsorption on the glass surface, with the result that a small quantity 
passes into any fresh solution which is introduced and inhibits its oxidation. The oxidation 
of sulphurous acid seems to be very sensitive to traces of methylene-blue or the leuco-base 
which acts either as a direct interruptor of the chain mechanism or as a poison to some 
positive catalyst such as copper ions present in minute amount in the solution. 

Experiment showed that the methylene-blue removed by washing from a “ poisoned ” 
bottle would inhibit oxidation of sulphurous acid in another bottle. The leuco-methylene- 
blue formed by the action of sulphurous acid was much more strongly adsorbed by the 
glass than methylene-blue itself. Since oxidation is inhibited in the completely decolorised 
solutions it is fairly certain that it is leuco-dye rather than the dye itself which is the 
actual inhibitor. 

Repeated (six) washings with water, allowing opportunity for oxidation of the leuco- 
base, followed by several with alcohol and then one with water, removed the methylene- 
blue sufficiently for oxidation of sulphurous acid to proceed again at a normal rate in a 
previously “‘ poisoned ”’ bottle even in the initial stages. The precise mechanism of the 
“poisoning” of the waxed bottles is not clear. Normal adsorption on the non-polar 
wax surface seems unlikely, as does true solution of methylene-blue or its leuco-compound 
in the wax. Possibly sufficient becomes occluded in hollows and bubbles or sufficient 
may be flocculated from the solution on to the wax to be able to withstand several rinsings 
with cold water and so give rise to the observed poisoning effect. A “‘ poisoned’ bottle 
gradually recovers (Expt. M) 

When a very dilute solution of methylene-blue is treated with sulphur dioxide it is 
slowly bleached. If, after several days’ exposure to the air, the gas is removed by a current 
of air, methylene-blue is regenerated, but the amount so regenerated decreases with each 
repetition of the experiment, and the titanous chloride required to discharge the blue colour 
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decreases. It would appear therefore that the inhibitor, leuco-methylene-blue, or methyl- 
ene-blue itself is slowly oxidised in a coupled reaction with the sulphurous acid to some colour- 
less or less blue product which neither reacts with titanous chloride nor inhibits the oxidation 
of sulphurous acid. This explains the slow recovery of ‘‘ poisoned’ bottles. The time 
needed for such recovery would depend upon the amount of inhibitor present initially. 
Slow oxidation of substances which act as inhibitors to oxidation is a general phenomenon 
(cf. Backstrém, Trans. Faraday Soc., 1928, 24, 601). 

Although the inactive oxidation product is blue, it loses its colour when treated with 
excess of sulphur dioxide. This is probably a bleaching effect of acid due to salt formation 
similar to that of strong acids on many basic dyes. 


EXPERIMENTAL. 


Estimation of Dithionic Acid.—Examination of the methods available showed that complete 
oxidation to sulphate by nitric acid was readily obtainable in spite of Baubigny’s statements 
(Compt. rend., 1909, 149, 1069). We applied the method as follows. Sulphur dioxide was 
first removed by a current of air-free carbon dioxide, and sulphate by very slow addition of 
barium chloride solution in small excess at about 60° with constant mechanical stirring; after 
standing over-night, the precipitate was filtered off and washed, and filtrate and washings were 
well mixed and kept over-night, any small deposit of barium sulphate being then removed, and 
the solution evaporated to dryness with 15 c.c. of concentrated nitric acid per 200 c.c. It was 
essential to carry out careful blank determinations in all cases, The second over-night standing 
is especially necessary when analysing solutions containing potassium, for considerable adsorp- 
tion of its sulphate by barium sulphate may occur, and, although it may be partly removed 
during the washing, yet frequently this occurs after most of the excess barium chloride has been 
removed. 

Higher polythionates if present must be removed either by silver nitrate, followed by barium 
chloride, or by chlorine or bromine water, followed by barium chloride. The bromine-water 
method is the best and most convenient. 

Experiment A. (Theory, p. 915.)—1 L. of 1-062N-sulphurous acid was oxidised at 30—40° 
by chlorine from a cylinder, and the small excess of gas removed by a rapid air current. The 
greater part of the sulphate and chloride were removed by treatment with solid lead carbonate, 
and lead was removed from the filtrate by sodium carbonate; only 0-004% of the sulphur 
dioxide oxidised had yielded dithionate. In precisely similar experiments with 1-4N- and N- 
sulphurous acid and solid iodine, the corresponding values were 0-011 and 0-017%. 

Experiment B. (Theory, p. 915.)—Large crystals of potassium pyrosulphite, after careful 
removal of oxidised material, were dissolved in air-free N-hydrochloric acid, and the sulphur 
dioxide displaced by a current of carbon dioxide. Sulphate and dithionate were estimated in 
the solution in the ordinary way. After deducting from the dithionate so found the amount 
which would have accompanied the sulphate in oxidised material, it was concluded that the 
clear, unoxidised crystals contained 0-38% of dithionate. Several entirely different samples 
gave almost identical results. 

In the same way, a sample of the sodium salt was shown to contain 0-91% of the dithionate, 
and even clear crystals of sodium sulphite contained 0-028%, which is not due to experimental 
uncertainty. 

Experiment C. (Theory, pp. 915, 920.)\—The potassium pyrosulphite used in the experiments 
with iodine or hydrogen peroxide (Table I) was well scraped to remove oxidised material before 
being weighed. In each of the iodine experiments, about 2-5 g. of iodine and 4 g. of potassium 
iodide in about 5 c.c. of solution were used, and analyses were carried out as follows: Iodide 
was precipitated by addition of silver nitrate, and the excess of silver and the sulphate by addition 
of barium chloride, both precipitations being made in the cold. After standing over-night, the 
clear liquid was filtered, and the precipitate washed with several small quantities of water. 
The filtrate was evaporated to dryness with 20 c.c. of concentrated nitric acid. The efficiency 
of the method was established by the very small blanks obtained on comparable known 
solutions of potassium iodide and sulphuric acid. 

Analysis of the hydrogen peroxide mixtures was carried out as usual. 

Experiment D. (Theory, p. 915.)—Air and sulphur dioxide were bubbled together for 4 days 
through 1 1. of distilled water at room temperature contained in a flask from which light was 
excluded. All excess of sulphur dioxide was removed by continuing the air current alone. The 
solution, now 0-1046N with respect to sulphuric acid, was treated with barium hydroxide in 
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TABLE I, 


Dithionate formed by Iodine. 


BaSO,, BaSO, 

g., from Total due to 

K,S,0. BaSO, S,0,” /o» 
i 


K,S,0, n from formed by oxidise 
Details of expt. used, g. K,S,0O;. S,0,”,g. iodine, g. to S,O,”. 
SO, bubbled through 0°3N-iodine until in bare Equiv. to 
excess; then 2 c.c. N/10-iodine added — 0°0038 0°0038 0°17 


KI, added all at once to K,S,O, dissolved in 
80 c.c. H,O ’ 0-0090 0:0120 0:0030 0°14 


Ditto, but with 80 c.c. N-HCl , 0°0089 0°0255 0°0166 0°77 
Ditto, but with 80 c.c. 2N-HCl ; 0-0089 0°0215 0°0126 0°59 
KI, added dropwise to K,S,O, in 80c.c. N-HCl_ 1°02 * 0-0090 00188 0-0098 0°52 


KI, added to 80 c.c. H,O; solid K,S,O; then 
dropped in 0-0089 00-0188 0-0099 0°47 


KI, acting on K,S,O, when ground in mortar 
with very little H,O . 0:0088 0°0187 0-0099 0°47 


Similar to last expt. at first, then diluted to 
100 c.c. 0-0088 0°0230 0°0142 0°68 


* Some SO, was lost in the current of CO,, so only about 0°90 g. was actually oxidised by iodine. 
All but the last two experiments were done in a flask with a current of CO, passing all the time. The 
KI, solution used was sufficient to give a 0-3N-iodine solution whed diluted to 80c.c. All water or acid 
used had been well boiled and cooled in CQ,. 


Dithionate formed by Hydrogen Peroxide. 
Solid K,S,O, added to 8 c.c. of 3N-H,O, in 
25 c.c. H,O ; 0°0095 0°0117 0°0022 


Solid K,S,O, added to 8 c.c. of 3N-H,O,; 
mixture cooled 0:0100 0°0192 0°0092 


Solid K,S,O, added to 8 c.c. of 3°4N-H,O,; 
mixture cooled ‘ 0°0109 0°0360 0°0251 


Solid Na,SO;,7H,O added to 7 c.c. of 3°4N- 
H,O,; mixture cooled ’ 0°0014 0°0014 none nil 


the cold, and the barium sulphate filtered off next day. The filtrate was treated with potassium 
carbonate to convert the barium dithionate into the potassium salt, which is easier to isolate. 
The filtrate and washings from the barium carbonate were evaporated to a small bulk on the 
water-bath and then allowed to dry slowly at room temperature. The solid residue so obtained 
contained a good proportion of bright, well-formed, six-sided prisms, like those of authentic 
potassium dithionate preparations. After being washed on the pump with several small 
quantities of water and air-dried, the weight was 0-1034g. The potassium dithionate lost in 
the wash waters was found to be 0-0363 g. as determined by the usual method (p. 923). The 
total yield, including that in the wash water, corresponded to 2-15% of the total sulphur dioxide 
oxidised. 

The salt was heated in a hard-glass test-tube in a current of carbon dioxide, and the 
sulphur dioxide liberated was passed into N/10-iodine. The residue of potassium sulphate 
was then weighed, and the barium sulphate it yielded also determined. These three methods 
showed the purity of the potassium dithionate to be 93-23, 98-45, and 98-95% respectively. 

Experiment E. (Theory, pp. 915, 916.)—The solution (200 c.c.) to be oxidised was contained in 
a Winchester-quart bottle fitted with tubes and taps so that samples could be driven up into a 
pipette by means of the pressure of oxygen from a cylinder. The oxygen pressure in the bottle 
underwent considerable fluctuation during the course of an experiment, but this would not 
appreciably affect the proportion of dithionate produced, and the rate of oxidation was not 
receiving particular attention. The bottles were mechanically shaken during the oxidation. 
After displacement of sulphur dioxide, sulphate and dithionate were estimated in the solution, 
free sulphurous acid or sulphite being estimated in a separate sample. 

(i) Oxidation of sulphurous acid by free oxygen. Five different initial concentrations of 
sulphurous acid were used and in two cases oxidation was allowed to proceed nearly to completion. 
The results are in Table II. 

(ii) Water was saturated with sulphur dioxide (3-65N) at room temperature, and a current 
of the gas and of oxygen passed through for four hours at such rates that the solution remained 
saturated with sulphur dioxide, excess of which was then removed by carbon dioxide. The 
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TABLE II. 


BaSO,, g. Average concn., N, during 
Time, hrs., from 10 c.c. time stated. 
from start Final H,S,0, Yield, %, = “— ~ 
of expt. SO,, N. H,SO,, N. soln. of H,S,O.. SO,. H,SO,. 
72 0-188 0-211 0:0040 0°293 0-106 
138 0-114 0°290 0°0059 0°255 0°145 
210 0°0910 0°329 0°0068 0°245 0-164 


75 0°567 0-0940 0°0027 0°614 0°047 
29°5 0°449 0-226 0°0067 0-563 0-114 
54 0°383 0-308 0-0092 0°537 0°154 
97°5 0°317 0°405 0°0131 0°519 0-202 

171 0°264 0-496 0°0162 0°512 0°248 


72 0°425 0°478 0°0147 0-664 0-239 
138 0°301 0°593 0-0191 0°598 0°296 


25 0°986 0°404 0°0165 119 0°202 
47 0°854 0-569 0°0235 1-14 0°285 
72 0°753 0-680 0-0286 1-09 0°340 
116 0°629 0°845 0°0327 1-05 0°422 
190 0°555 0-976 0°0368 1-04 0°490 
285 0°398 1°10 0°0396 0°946 0°550 


96 1°26 1-07 0°0514 1-79 0°535 
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solution so obtained was 0-0155N with respect to sulphuric acid and contained dithionate 
equivalent to 6-8% of the sulphur dioxide oxidised. "When the experiment was carried out in a 
waxed bottle protected from light, the yield of dithionate was 6-2%, with 0-0136N-sulphate. 
This yield is probably the highest obtainable from pure sulphur dioxide solutions. 

(iii) Oxidation of pyrosulphite in solution. To allow for superficial oxidation of the sample of 
sodium pyrosulphite some of the solution was analysed as soon as all the solid had 
dissolved. Time was then allowed for about 20-30% oxidation to occur, and the solution 
again analysed. The mean of the two sulphur dioxide determinations gave the average 
concentration of pyrosulphite over the period of oxidation, and the differences between the two 
sulphate and dithionate estimations gave the quantities of sulphate and dithionate formed by 
oxidation in the solution. The results are in Table III. 


TABLE III. 
Dithionate 


Duration of Diff. of BaSO, Diff. of BaSO, Mean concn. (N) produced, % 
Expt. oxidation, mins. from sulphate, g. from dithionate, g. of SO, (N=M/2). of SO, oxidised. 
1560 0°1634 0-0059 0°205 p 
95 0°0971 0:0052 0°507 5 
120 0°5342 0°0360 0-924 
105 0°4524 0°0332 2°01 
840 0°7571 0°0574 1°86 
115 0°5344 0°0431 2°95 
120 0°4251 0:0368 4°13 


The figures refer to a 25-c.c. sample for (a), and to 10 c.c. for other cases. In (e) air was 
used instead of oxygen. 

Experiment F. (Theory, p. 916).—The solution (274 c.c.) was filtered from ammonium 
sulphate and sulphur (18-325 g.). The solution and sulphur washings were analysed 
separately. 


Comp. of solution. Total contents of bottle. 
Total SO,” = 494M «4 = 4173 g. BaSO, 
H,SO, = 1:04M = 57-6 g. BaSO, 
(NH,),SO, = 390M 
SO,” = 0:004M 


5,0,” = 0°00032M 
S,0,” = 0°339M 


ExperimentG. (Theory, pp. 915, 916, 919.)—Two tubes, (a) and (b), each contained 10c.c. 
of ammonia (d 0-880) and 10 c.c. of water; the solutions were saturated with sulphur dioxide, 
the tubes sealed, and (a) exposed to diffuse light and (b) kept in a cupboard. The yellow 
solutions began to deposit sulphur after (a2) 28 months and (b) 8 years. Reaction appeared 
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to be complete after (a2) 4 years 2 months and (b) 8 years 5 months, and the tubes were then 


opened and their contents analysed : 
Composition of solution (M). 


Wt. ofsolid — —— 
S, g. H,SO,. (NH,),SO,. H,SO,. H,S,0,. H,S,0,. 


1-575 0°52 3°41 1°55 0°004 = 
1-522 0°62 3°48 1°35 0:075 0°016 

Experiment H. (Theory, p. 917.)—(i) 250 G. of potassium dichromate, 2 1. of water, and 170 
c.c. of concentrated sulphuric acid were added in stages, to prevent overheating, to 2 l. of 
saturated sulphur dioxide solution. The slight excess of gas was gently boiled off, and the solu- 
tion allowed to evaporate to dryness at room temperature. After the chrome alum had been 
dissolved in cold water, both chromium and sulphate were removed by basification with baryta 
solution, and the liquid was filtered and concentrated to about 1 1.; considerable sulphate still 
present was removed by further addition of baryta, and on concentration of the filtrate and 
cooling, a fair crop of six-sided prismatic crystals of potassium dithionate mixed with a little 
carbonate separated. On recrystallisation from hot water, 5-43 g. of the dithionate were ob- 
tained [0-2538 g. gave 0-1850 g. K,SO, on ignition (Calc., 0-1856 g.); 0-1050 g. after oxidation by 
HNO, gave 0-2045 g. BaSO, (Calc., 0-2055 g.)]._ The dithionate remaining in the mother-liquors 
was estimated gravimetrically, and the total yield found to be 8-68 g., corresponding to 2-82%, 
of the sulphur dioxide oxidised. 

If the freshly reduced green solution is precipitated directly with barium hydroxide essentially 
the same result is obtained. 

(ii) A concentrated (3-07N) sulphur dioxide solution was exactly oxidised by 36-51 g. of 
potassium permanganate in 1 1. of water, both solutions being air-free. After removal of man- 
ganese and sulphate with baryta, 12-7 g. of pure potassium dithionate were isolated, and that 
found by analysis in the mother-liquors corresponded to 0-7 g.; hence, the total yield of dithion- 
ate was 17-7% of the sulphur dioxide oxidised. 

Experiment I. (Theory, p. 917.)\—Using approximately N/10-solutions of sulphurous acid, 
iodine, and sodium thiosulphate, and the experimental procedure described by Bassett (/oc. cit.), 
it was found that when unboiled water was added to the sulphurous acid, practically no oxidation 
of the latter by the dissolved oxygen occurred : a mixture of 25 c.c. of sulphurous acid and 275 
c.c. of water left for 4 hour before addition of the iodine reduced only 0-15 c.c. less iodine than 
if no water was added, whereas 275 c.c. of water saturated with air at atmospheric pressure 
at 20° contain dissolved oxygen equivalent to 3-06 c.c. of N/10-iodine. 

When 50 c.c. of sulphurous acid, 250 c.c. of water, and 100 c.c. of 4N-sulphuric acid were 
treated with 25 c.c. of N/10-potassium dichromate (all unboiled), it was found, on estimation 
of the excess of sulphurous acid with iodine and thiosulphate, that 2-5 c.c. less iodine were 
reduced by the excess than in a precisely similar experiment in which the added water and 
sulphuric acid had been first boiled and then cooled in carbon dioxide. The greater part of 
the dissolved oxygen had evidently been activated by the dichromate reaction. The activation 
by permanganate is even greater, for in a similar pair of experiments with N/10-potassium 
permanganate, the dissolved oxygen which had been activated was equivalent to 3-28 c.c. of 
N/10-iodine. 

In order to reduce the effect of dissolved oxygen to a minimum, it was necessary to boil 
solutions for at least 10 minutes and then cool them in a current of carbon dioxide or nitrogen. 

Experiment J. (Theory, p. 917.)—In the following volumetric experiments the various solu- 
tions were added in the order in which they are shown in Table IV from left to right. "When the 
volume given in col. 4 is greater than the sum of those in cols. 1 and 2, well-boiled water cooled 
in carbon dioxide had been added as well. When liquid sulphur dioxide was used, the gas was 
passed into the volume of liquid shown in col. 4. Addition of hydrochloric instead of sulphuric 
acid leads to low yields of dithionate owing to coupled oxidation of chloride ion. 

Experiment K. (Theory, p. 917.)—To 25 c.c. of 3-58N-sulphurous acid (freshly prepared), 
diluted to known volumes with air-free water, were gradually added 62-34 c.c. of N-potassium 
dichromate, the mixture being kept cold. Excess baryta was then added, and after several 
days the precipitated chromium hydroxide and barium sulphate and sulphite were filtered 
off and washed. Excess of sulphite was removed by heating after slight acidification, or in the 
case of Expt. (e) by addition of N/10-iodine, and dithionate determined after removal of any 
sulphate with barium chloride. Two series of experiments with potassium permanganate 
were carried out essentially as above, but since the exact amount necessary to oxidise all the 
sulphite could be seen, this was added in each case. Both series of results are given in Table V. 








Dithionate by the Oxidation of Sulphurous Acid and Sulphites. 927 


TABLE IV. 
Experiments with (i) K,Cr,0, and (ii) KMnO,. 


Equiv. 
Total vol., H,SO, % of 
c.c., before oxidised oxidised 
4N-H,SO, H,SO, used, adding K,Cr,O, or KMnO, used, per equiv. SO, 
used, a K,Cr,O, or - K,Cr,O, or yielding 
C.C. Ce. normality. KMnQ,. ct. normality. KMnQ,. S,0,”. 
100 50 0-0980 150 25°05 0-0998 1-024 
100 50 0°0979 1000 25°05 0°0998 1-026 
0 50 0:0964 25°05 0°0998 1-029 
0 50 0:0964 25°05 0-0998 1-030 
0 50 0°847 25°05 1-003 1:023 
0 50 0°853 25°05 1-603 1-020 
Liquid, g. = c.c. N. 
50 1-4348 44°84 25°07 : 1-021 
50 1:0614 33°16 25°07 . 1019 
0 1-2683 39°64 25°07 ‘ 1-020 
50 * 1:0320 32°25 25°07 . 1-024 
CH normality. 
50 50 0°1048 25°05 0:0993 1-094 17:2 
0 50 0°0925 1000 25°07 0°0973 17115 20°6 
50 50 0°8478 100 25°05 0°9945 1-084 15°5 
50 50 0°8478 1000 25°05 0°9945 1075 14:0 
50 50 0°8466 100 25°05 0°9945 1105 19-0 
0 50 0°8532 50 25°05 0°9945 1:099 18°0 
0 50 0°8532 1000 25°05 0°9945 1-085 15°7 
0* 50 0°0926 -- 25°07 0°0973 1°107 19°3 
Liquid, g. = c.c. N. 
50 1-7807 55°65 100 50 0°9815 1-088 16:2 
50 1°2675 39°6 490 25°07 0°9815 1-091 16°6 
\ 100 t¢ 2°2955 71°75 — 50 0°9945 1-110 19°8 


* In these cases the H,SO, was added to the K,Cr,0O, (or KMnO,) and H,SO,. 

+ This experiment does not agree with Carriére and Liauté’s statement (Compt. rend., 1933, 196, 
933) that only sulphate is formed when sulphurous acid is added to excess KMnQ, which is more than 
2°75N with respect to the H,SO,. In this case the SO, was passed into the acidified KMnQ,. 
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TABLE V. 
Equivs. H,SO, 
H,SO, used, oxidised per % of oxidised 
~ Vol. diluted equiv. K,Cr,0, SO, yielding 
normality. to c.c. Temp. or KMnQ,. S,0,”. 
Oxidation by N-K,Cr,O,. 

3°58 25 20° 1-020 

3°58 100 16 1-021 

3°58 100 32 1-021 

3°58 1000 16 1-021 


Oxidation by 0°581N-KMnQ,. 
45 20—32 1-084 15°5 
250 20 1-084 15°5 
500 22 1-087 16-0 
40 1-084 15°5 
1-094 17°2 
room 1-093 17:0 
temp. 1-080 14°8 
1-093 17°0 





(a) 

(d) 

-(¢) 

(d) 

In experiments (a) and (c), the permanganate was added slowly with vigorous stirring and 

practically no trace of manganese dioxide was seen during the reaction, but in experiments 

(b) and (d) addition was intermittent with little stirring, and much dioxide was seen as an inter- 

mediate stage except near the beginning of the reaction. In each of the first four experiments 

with permanganate, some dioxide appeared. The appearance or non-appearance of this oxide 
evidently makes no difference to the course of the oxidation. 

Oxidation of solid potassium pyrosulphite by excess permanganate. (a) 1-0008 G. of well- 

scraped pyrosulphite crystals were added to a mixture of 40 c.c. of N-potassium permanganate 

and 4-2 c.c. of concentrated sulphuric acid, excess of permanganate was destroyed by warming 
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with a little concentrated hydrochloric acid, and the manganese dioxide filtered off and well 
washed. The dithionate in the filtrate corresponded to a yield of 18-85%. 

(b) Ina similar experiment, but without addition of sulphuric acid, 24-1% of the pyrosulphite 
was oxidised to dithionate. 

Experiment L. (Theory, p. 922.)—Equal volumes of sulphurous acid (approx. 0-1N) were 
placed in two Winchester-quart bottles (previously used for hydrochloric acid), and to one, 
A, was added sufficient methylene-blue to make the solution 0-0013M with respect to it (0-03 g. 
in 200 c.c.). The air was displaced from the bottles by oxygen, and they were shaken mechanic- 
ally; after suitable intervals of time, 10-c.c. samples were removed from each bottle, and the 
sulphuric acid estimated after displacement of sulphur dioxide by a current of carbon dioxide. 
The results are given in Table VI(a). 

After the completion of the experiment the bottles were well rinsed out with cold water, and 
the experiment was repeated with the bottles interchanged. Very little oxidation took place 
in either bottle during the first 6 days, but bottle A then seemed to have regained its normal 
activity. The results are shown in Table VI(bd). 


TABLE VI. 


(a). (d). 
BaSO,, g., from 10 c.c. solution. BaSO,, g., from 10 c.c. solution. 





— ~ Time 
Bottle A. Bottle B. (days). Bottle A. Bottle B. 
0-0031 0°0155 3 0-0037 0°0033 
0°0030 0°0422 6 0°0073 0-0040 
0°0029 0°0615 13 0-0540 0-0070 

0°0052 0°0822 17 0-0671 — 
0°0063 0:0970 23 0°0832 0-0109 
0°0066 0°1073 32 0-0972 0-0146 
0-0092 071211 





Experiment M. (Theory, p. 922.)—In precisely the same way as in Expt. L, the rate of oxid- 
ation in absence of methylene-blue in a bottle which had been thoroughly lined with paraffin 
wax was found to be just about the same as in a clean unwaxed one, about 75% of the sulphurous 


acid being oxidised after 9 days’ shaking. 
When the sulphurous acid (0-105N) in the waxed bottle was made 0-0013N with respect to 


methylene-blue, only 5% of it had been oxidised after 7 days and 11% after 25 days. After 
the same waxed bottle had been well rinsed, a fresh 0-1 N-sulphurous acid solution, but without any 
added methylene-blue, was shaken with oxygen as before, but the rate of oxidation remained 
at the same low level as when methylene-blue had been added, and no signs of recovery in the 
rate of oxidation were noted even after 26 days. 


SUMMARY. 


1. Some of the sources of error in the determination of dithionate have been examined. 

2. It is shown that the hydrolytic decomposition of dithionic acid is not reversible. 

3. The oxidation of sulphurous acid and of sulphites by chlorine, iodine, hydrogen 
peroxide, oxygen, and chromic and permanganic acid has been examined. 

4. Only very small amounts of dithionic acid are formed by the first three reagents, 
and that only under acid conditions. 

5. Oxygen yields dithionate in amounts which depend upon the sulphite concentration 
and acidity and may be large. 

6. The crusts which slowly form on solid alkali pyrosulphites in the air consist of a 
mixture of sulphate and dithionate containing about 25% of the latter. The oxidised 
material which forms on the solid “ neutral”’ alkali sulphite contains the merest trace 
of dithionate. 

7. Of the sulphurous acid oxidised by chromic and permanganic acids, about 4% and 
19°%, respectively yields dithionic acid under all conditions of concentration and acidity. 

8. The dithionate produced in the oxygen and chromic acid reactions was separated 
and identified as the potassium salt. 

9. No dithionate appears to be formed during the photochemical decomposition of 
sulphurous acid into sulphuric acid and sulphur, but when the same decomposition occurs 
in the dark a small amount of dithionate is perhaps formed. 
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10. It is considered that the free sulphite ion is always oxidised to sulphate. 

11. Dithionate is formed in at least four different ways : (a) Chlorine, iodine, hydrogen 
peroxide, oxygen, and similar oxidising agents produce it by the oxidation of pyrosulphite, 
not of normal sulphite; all of these oxidations occur with great rapidity except that by 
oxygen, which follows a chain mechanism. (0) Metal ions easily reducible to a lower 
valency stage, or to metal, yield dithionate as a result of complex-ion formation with sulphite 
ions, followed by self-oxidation and -reduction of the complex; the proportion of dithionate 
formed in these cases depends almost solely upon the nature of the metal and in certain 
cases it is possible for the complex-ion mechanism to allow of oxidation to dithionate in 
alkaline solution. (c) Chromic and permanganic acids produce dithionate by oxidation 
of neutral sulphur dioxide molecules; this is a result of self-oxidation and -reduction of 
anionic complexes of the heteropoly-acid type. The proportion of dithionate formed in 
these cases also depends almost solely upon the metal. 

12. The mechanism of the electrolytic formation of dithionate is discussed, and it is 
considered to be due to the simple electrochemical process 2SO,’’ = (2SO,’ + 2e) = 
S,0,” + 2e. This is the fourth way referred to in 11. 

13. It is concluded that the reduction of permanganate by sulphite in alkaline solution, 
since only sulphate is formed, does not proceed by the complex-ion mechanism but by one 
in which the successive reduction products MnO,’ —> MnO," —> MnO,’”” are formed, 
the last of which breaks down to dioxide, which is precipitated. This reduction mechanism 
may apply to other oxidations by permanganate in alkaline solution. 

14. It is shown that methylene-blue inhibits the atmospheric oxidation of sulphurous 
acid, but that it is itself slowly oxidised with gradual removal of the inhibiting action. 

15. The oxidation results give no evidence whatever for the existence of any sulphurous-— 
sulphonic equilibrium in sulphurous acid solutions. 


We wish to thank Mr. E. E. Bishop for much of the preliminary work on the estimation of 
dithionic acid and upon the oxidation of sulphurous acid by air and by hydrogen peroxide. 


THE UNIVERSITY, READING. (Received, November 23rd, 1934.] 





211. Kinetics of the Thermal Decomposition of Methylamine. 
By H. J. Emertus and L. J. Jotiey. 


METHYLAMINE decomposes at 500—550° into a relatively simple series of products (Jolley, 
J., 1934, 1957). The main process is a dehydrogenation, CH,*NH, = HCN + 2H,, but 
a secondary hydrogenation takes place to a much smaller extent, yielding methane and 
ammonia: CH,-NH, + H, = CH,+ NH;. The object of the present investigation 
was to examine the kinetics of these two reactions and to compare the pyrolysis of methyl- 
amine with that of other aliphatic amines. 

Miiller (Bull. Soc. chim., 1886, 45, 439) found that the products of decomposition of 
methylamine at 1200° were ammonia, hydrogen cyanide, methane, hydrogen, and nitrogen. 
Other previous work on the decomposition of aliphatic amines has been restricted to 
ethyl-, m- and tso-propyl-, dimethyl-, and benzyl-amine, and has resulted in contradictory 
conclusions. For instance, Upson and Sands (J. Amer. Chem. Soc., 1922, 44, 2306) found 
that ethylamine and u-propylamine when passed over kaolin at 500—1000° gave nitriles, 
saturated and unsaturated hydrocarbons, ammonia, and hydrogen; they considered 
that, in addition to dehydrogenation of the amine to the nitrile, a dissociation into an 
alkylidene radical and ammonia occurred (R‘CH,-NH, —> R°CH: + NH,). This con- 
clusion was criticised by Hurd and Carnahan (7bid., 1930, 52, 4151), who worked with 
ethylamine and benzylamine, and regarded the first step as the formation of an aldimide 
(R-CH,*NH, —> R-CH:NH + H,), which underwent further dehydrogenation to nitrile ; 
they found that olefin formation took place to only a small extent, and that there was some 
evidence of hydrogenation (R‘-NH, + Hy = RH + NH;). The decomposition of ethyl-, 
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dimethyl-, and n- and iso-propylamine was followed manometrically by H. A. Taylor and 
his co-workers (J. Physical Chem., 1930, 34, 2761; 1931, 35, 2568; 1932, 36, 670, 1960), who 
assumed from the observed doubling of the initial pressure, except in the case of dimethyl- 
amine, that an olefin and ammonia were formed (e.g., CJH;-NH, = C,H, -+ NH). These 
reactions were believed to be homogeneous and unimolecular, with energies of activation 
in each case between 40,000 and 45,000 g.-cals. The unimolecular constant fell off at 
lower pressures, as predicted by the theory of collisional activation in unimolecular re- 
actions. In his work on dimethylamine, Taylor showed the reaction to be more complex 
than had been supposed. Schumacher and Wiig (Z. physikal. Chem., 1932, A, 162, 419) 
were unable to confirm his conclusions on the decomposition of ethylamine, or, indeed, 
to detect the formation of ethylene in this reaction. These authors, and also Rice and 
Sickman working on propylamine (J. Amer. Chem. Soc., 1935, 57, 22), showed that at 
lower pressures the decomposition of these amines has some of the characteristics of a 
chain reaction, notably an influence of the extent of surface of the reaction vessel, and of 
the presence of inert gases, on the reaction rate. 

The observations on methylamine described below began with a series of experiments 
to verify the reaction mechanism. The effect of surface was next studied by using a 
packed reaction vessel, and it was found that the hydrogenation reaction was heterogeneous 
and the dehydrogenation was mainly homogeneous. Finally, the dependence of the re- 
action rate on the concentration of reactants, on the temperature, and on the presence of 
the products of the reaction and of added hydrogen was studied. 


EXPERIMENTAL. 


Methylamine, prepared by dropping a saturated solution of its hydrochloride on solid 
potash, was dried with quicklime and fractionated in a vacuum by distillation at 3—5 mm. 
and rejection of large head and tail fractions. The purity of the middle fraction was checked 
by vapour-pressure measurements, which agreed closely with the standard values (Landolt- 
Bornstein, ‘‘ Tabellen’’). The middle fraction was stored in a 3-litre globe. Hydrogen was 
taken from a cylinder and purified by passage over 10% palladised asbestos at 250°. It was 
dried with phosphoric oxide and stored in a globe. The reaction system consisted of a bulb, 
connected by 40 cm. of l-mm. capillary tubing to a constant-volume mercury manometer, 
the storage vessels for reactants, a mercury diffusion pump, and a Tépler pump for delivering 
gases into a Bone and Wheeler gas analysis apparatus. Four reaction bulbs were used: (a) 
a 200-c.c. Pyrex bulb; (b) a similar bulb uniformly packed with Pyrex tubing to give an 8-fold 
increase in surface; (c) a 200-c.c. quartz bulb; (d) a quartz bulb of the same dimensions, 
uniformly packed throughout its volume with irregular pieces of quartz. Corrections were 
applied throughout the investigation for the dead space in the reaction system, which amounted 
to 1-5% of the total volume. 

The furnace was the same as that used by Jolley (loc. cit.), but two additional coaxial iron 
pots were introduced into it to increase the uniformity of temperature. Temperatures were 
measured with a calibrated platinum resistance thermometer and a calibrated Callendar and 
Griffiths bridge, which gave readings to 0-1°. The furnace temperature was constant during 
a run to + 0-5°. The pre-treatment of the reaction vessels consisted in 1—2 hours’ heating 
at 100° with concentrated nitric acid, washing with water, drying and baking in a high vacuum, 
which was tested with a McLeod gauge permanently connected in the set-up. 

General Course of the Reaction.—Preliminary analyses of the decomposition products of 
methylamine have already been recorded (Jolley, Joc. cit.). It was necessary, however, to 
establish that the two reactions (a) CH,-NH, = HCN + 2H, and (6) CH,-NH, + H, = 
CH, + NH, will account for the products under the more varied conditions used in the present 
investigation. Since reaction (b) occurs without pressure change, the pressure of hydrogen 
cyanide present at any instant should equal half the pressure increase in the decomposition up 
to that point. The following confirmatory data were obtained by stopping four experiments 
in Pyrex bulbs at 543° at different stages. The initial methylamine pressure in each case was 
350 mm. The cyanide present was determined by Volhard’s method with 0-1N-silver and 
thiocyanate solutions. 


Ap in reaction (maM.) ............ccsecseee j 287 365 451 
2 < Puen (mm.) 278 350 458 
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A further criterion for the correctness of the above reaction scheme is that at the completion 
of the reaction the sum of the pressure of methane formed (f¢q,) and half the observed pressure 
increase in the reaction (Ap) should equal the initial methylamine pressure. In an experiment 
at 620° in the unpacked quartz bulb, Ap was 180% of the initial pressure (p,) and poy, was 
9% of ~,; in another experiment in a packed quartz bulb at 593°, Ap and poy, were 80% and 
50% respectively of p,. Agreement in a large number of other experiments under widely varied 
conditions was of the same order, viz., within 10%. 

A third criterion which should be satisfied is that in the completed reaction the gas formed 
which is condensable in liquid air should have a pressure equal to that of the methylamine 
taken. This was tested in four experiments in the packed bulb, and the condensable gas 
pressure had a mean value of 93% of the methylamine pressure. The agreement found in 
these three tests was considered to justify the use of equations (a) and (b) as representing the 
two main reactions. The fact that the analytical data do not give an exact check must mean 
that other reactions took place to a small extent. The deviation is in the direction which would 
result from a slight polymerisation of the products. 

Considerable difficulty was experienced in obtaining reproducible reaction rates. For 
instance, in a series of experiments carried out in the Pyrex bulb (a) at constant temperature, 
without chemical cleansing of the bulb, the reaction velocity decreased progressively, although 
the bulb was evacuated for several hours between successive experiments. Such an effect 
must be attributed to the poisoning effect of some reaction product deposited on the walls. 
The reaction velocity, however, was reproducible to within + 10% over a long series of experi- 
ments if the reaction bulb was filled with oxygen, heated for an hour at 800°, and then evacuated 
before each experiment was started. This pre-treatment was given in all the work with quartz 
bulbs. 

In the experiments in which a bulb packed with silica was used there was a pronounced 
adsorption of hydrogen on the surface; e.g., when hydrogen was admitted to a pressure of 
300 mm. into the previously evacuated bulb at 600°, the pressure decreased by 40 mm. in 1 hour. 
This was not due to reaction with adsorbed oxygen, since adsorption and desorption of hydrogen 
could be repeated many times with successive quantities. This adsorption renders pressure 
measurements and gas analyses in packed-bulb experiments subject to larger errors than in 
the case of the empty bulb, where adsorption effects were negligible. Such errors do not, 
however, affect the main conclusions drawn from packed-bulb experiments. 

Effect of Surface on the Reaction Rate.—The relative amounts of dehydrogenation and 
hydrogenation taking place in the decomposition of methylamine may be determined from 
the methane content of the non-condensable gaseous reaction products. The effect of packing 
the quartz bulb on the relative proportion of these two reactions was deduced from these data. 
In preliminary work in Pyrex bulbs packed with Pyrex tubing, the reaction rate was greater 
in the packed bulb, the reaction (b) being accelerated to a greater extent than (a). Typical 
results are in Table I; #, is the initial methylamine pressure; ¢ is the time for the pressure to 
increase by 25% of its initial value, and its reciprocal is an approximate measure of the rate 
of dehydrogenation; Ap is the total pressure change expressed as a percentage of ~,; oq, is 
the percentage of the methylamine hydrogenated ; and 7, and 1, are ratios expressing the increase 
in the rates of dehydrogenation and of hydrogenation respectively due to packing the bulb. 
The results at 592-6° and 617-5° are mean values for a number of different initial pressures. 


TABLE I. 
Temp. Bulb. 2; (mm.). t, sec. Ap. Pou: 1. Yo. 
568:4° Empty 164 360 154 9°35 e1 10 
’ Packed 160 173 65 44°6 
592-6 Empty 38—207 164 173 8-2 94 18 
Packed 139—231 48 75 36°0 
617°5 Empty 33—200 65 178 6-3 3-5 18 
Packed 176—297 19 78 33°0 
The table shows that the rate of formation of methane was increased 10—18 fold by packing, 
according to the temperature. The increase in the surface in the packed bulb could not be 
measured directly, but could be estimated from measurements of the rate of thermal decom- 
position of methyl formate. This reaction is known to be heterogeneous (Steacie, Proc. Roy. 
Soc., 1930, A, 127, 314), and the time for 15% decomposition was used to compare the rates in 
the empty and in the packed bulb at 413—537°; the decomposition was thus found to be 105 
times faster in the packed bulb. 
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There is no @ priori reason why the surface should be the same for these two reactions, and 
the observed increase in rate in the case of methylamine may be interpreted as showing that 
the hydrogenation reaction is predominantly heterogeneous. This conclusion is supported by 
the effect of addition of hydrogen on the formation of methane, data for which are recorded 
later (Table IV). The reaction is shown to be of zero order with respect to hydrogen. 

A similar argument applies to the effect of packing on the reaction (a). If the increase in 
surface due to packing is taken as 18-fold, the dehydrogenation reaction will be over 80% 
homogeneous. The fact that packing the bulb does affect this reaction is, however, very 
significant. It must mean that the reaction is partly heterogeneous or that it is homogeneous 
but is initiated by a heterogeneous process. This point is discussed later. 

Effect of Methylamine Pressure on the Reaction Rate—The decomposition of methylamine 
into hydrogen cyanide and hydrogen was strictly of the first order when the reaction was carried 
out in an unpacked bulb, for when the pressure change expressed as a fraction of #;, is plotted 
against time, the curves obtained for different initial pressures are superposable. In Fig. 1 a 


Fic. 1. 
500 


10 1§ 20 


Time, mins. 


series of experiments at 617—-618° is recorded, the pressure increase being plotted as a function 
of time; when the fractional pressure increments corresponding to these data are plotted against 
time, all the points from the seven curves fall closely on one smooth curve. A similarly close 
agreement was obtained in series of experiments at 593°, 640°, and 667°. Further, when 
log (a — x) is plotted against #, a straight line is obtained over the range 20—70% of the total 
reaction, so that for each experiment the unimolecular velocity constant k = 1/t. log, a/(a — x) 
can be calculated (Table II). The value of a used is that corresponding to the theoretical 
end-point of the reaction, i.e., twice the initial pressure. This procedure is justifiable on the 
grounds that the value of the constant is deduced from a stage of the reaction at which the 
effect of the secondary hydrogenation (which is mainly responsible for the deviation from the 
theoretical end-point) can be neglected. During the first 20% of the reaction there is a deviation 
from the unimolecular law, due to an ill-defined induction period. 


TABLE II. 


Temp, 7 (mm.). k, min.~, Temp. fi (mm.). k, min.~, 
592°6° 38°5 0°0590 617°6° 141 0°153 
123 0°0630 196 0°152 
0°0572 639°6 46 0°305 
0°127 113 0°300 
0-131 237 0°308 
0°145 667°0 43 0-900 
0°136 97°5 0°888 





Kinetics of the Thermal Decomposition of Methylamine. 933 


In experiments with the packed silica bulb the time for a given fractional change was still 
independent of the initial pressure down to 100 mm., as shown in Table III. Experiments 
at still lower pressures would have a special theoretical significance, referred to later, and are 
in progress. They were not possible with the experimental arrangement described here. 


TABLE III. 
Temp. 568°4°, Temp. 592°6°. Temp. 617°5°. 


fi, mm.  ¢ (O—50%), secs. fi, mm. t (0O—50%), secs. fd, mm. ¢t (0-—50%), secs. 
375 290 231 95 297 39 
157 300 139 100 176 46 


Effect of Reaction Products and Hydrogen on the Reaction Rate.—In an experiment at 593°, 
150 mm. of methylamine were allowed to decompose completely in the packed quartz bulb. 
A further 150 mm. of methylamine were then admitted, and its decomposition followed at the 
same temperature. The reaction rate was slightly greater in the second case, and the correspond- 
ing pressure increase was about 15% greater than that in the first half of the experiment. This 
discrepancy is of the same order as that which could arise from adsorption of hydrogen in the 
first half of the experiment, and was not considered to be evidence that the reaction products 
influenced the rate. In the same connexion, experiments were carried out to determine if 
the addition of hydrogen increased the proportion of methane in the final product, since in 
the normal decomposition the hydrogen for the hydrogenation is supplied by the decomposition 
of methylamine itself into hydrogen cyanide and hydrogen. The data in Table IV show no 
systematic variation in the proportion of methane due to the addition of hydrogen, the variation 
in the results being within the limits of error arising from adsorption of hydrogen. 


TABLE IV. 


Packed quariz bulb, at 568—569°. 
Dip WOMB. cccccvecesscescccccccescccsecccccoes 157°5 158 170 157 163°5 
0 3°5 90°2 212 
p 74 82 69°5 64 
Di, TE, CR. occnieessivasizcitiscncs ° 61°2 62°5 80:0 64°5 


Effect of Temperature on Producis: Temperature Coefficient—Measurements were made 
at a series of temperatures of the percentage of methane in the non-condensable reaction product, 
in order to determine the effect of temperature on the proportion of methylamine reacting 
according to the equation (6). In Table V the majority of the data are the mean of several 
determinations at the temperature in question, with different initial pressures of methylamine. 
At each temperature the proportion of methane found was shown to be independent of the initial 
pressure (down to 50 mm.). 


TABLE V. 
Bulb. ’ i Bulb. Temp. CH,, %. 


Pyrex (empty) ; Quartz (empty) 640° 
» (packed) 653 


Quartz (empty) f 667 
; 568 


593 
618 


624 


These data show the marked effect of packing the reaction vessel in increasing the relative 
extent of the hydrogenation reaction. They also show that the proportion of methane found 
rises as the temperature is decreased, the maximum value observed in the unpacked bulb being 
13-9% at 558°. Experiments at still lower temperatures were not made owing to the slowness 
of the reaction. This general behaviour shows that the hydrogenation reaction has a smaller 
temperature coefficient than the dehydrogenation reaction. 

The temperature coefficient of the homogeneous reaction was calculated from values of the 
unimolecular velocity constant (k) at temperatures between 590° and 670°. A straight line 
was obtained when log & was plotted against 1/T (Fig. 2), giving an activation energy of 58,000 
g.-cals. The variation of k with temperature is expressed by the equation log, k = 30-65 — 
58,000/RT. Since the homogeneous decomposition of methylamine is formally unimolecular 
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down to a pressure of 30 mm., it is possible to calculate a minimum value for the number of 
degrees of freedom in the methylamine molecule required to account for the observed reaction 
rates. The number is found to be 13. The values found for the other amines by Taylor (/occ. 
cit.) were only 1 or 2. 
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DISCUSSION. 


The decomposition of methylamine into hydrogen cyanide and hydrogen is a reaction 
which shows the general characteristics observed in the case of other amines. The form- 
ation of hydrogen cyanide as a main product corresponds to that of nitriles observed by 
Upson and Sands and by Hurd and Carnahan (occ. cit.) in the decomposition of ethyl-, 
propyl-, and benzyl-amine. Dehydrogenation appears to be a general feature of amine 
pyrolysis, and side reactions become increasingly prominent as the complexity of the amine 
increases. In the case of methylamine the only side reaction of any importance is a 
hydrogenation to methane and ammonia, for which the requisite hydrogen is supplied by 
the primary dehydrogenation. 

It is usual to treat kinetic data obtained from a complex reaction as the sum of the effects 
of a small number of concurrent simple reactions, among which one will often predominate. 
In the present case the data can be interpreted as arising from a dehydrogenation reaction 
which takes place mainly in the gas phase and to a smaller extent on the surface, accom- 
panied by a smaller proportion of heterogeneous hydrogenation. As a first approximation, 
these three concurrent reactions may be considered separately. 

Regarded in this light, the homogeneous dehydrogenation, which is strictly of the first 
order, agrees in a general way with Taylor’s observations on the other amines (locc. cit.). 
There are, however, some striking differences. The energy of activation (58,000 cals.) 
is much greater than the values found in the decomposition of the other amines (40,000— 
45,000 cals.), and the number of degrees of freedom required to account for the observed 
rate of methylamine decomposition on the basis of the classical theory of unimolecular 
reactions is much higher than that for the other amines. Some such discrepancy as this 
would be intelligible if the higher amines decomposed into olefin and ammonia, as assumed 
by Taylor, since no corresponding reaction could occur with methylamine. The work of 
Hurd and Carnahan and of Schumacher and Wiig, however, has shown that the other 
amines, far from following the scheme assumed by Taylor, decompose mainly by a dehydro- 
genation which is analogous to the main reaction in the case of methylamine. The ex- 
planation of the apparent anomalies in the present case must therefore be sought elsewhere. 

The marked sensitivity of the reaction velocity to the state of the vessel walls cannot 
be adequately explained if the reaction is almost entirely homogeneous. A similar anomaly 
was found by Schumacher and Wiig (loc. cit.) in the case of ethylamine. It may be that 
the homogeneous and the heterogeneous reaction are not in reality mutually independent. 
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If this is so, it may indicate that reaction chains play a part in the mechanism. Such a 
view must be regarded with considerable reserve in the case of methylamine, where no 
direct evidence of chain mechanism has been observed; but the possibility cannot be 
ignored in view of the definite chain characteristics which appear in the low-pressure 
decomposition of ethyl- and propyl-amine. The authors hope to settle the point in the 
near future by an investigation of the decomposition of methylamine at lower pressures. 

Rice and Herzfeld (J. Amer. Chem. Soc., 1934, 56, 284) have recently shown that a 
number of supposedly simple unimolecular organic pyrolyses can be explained by a chain 
mechanism involving free radicals. The same considerations can be applied to the present 
case, and the entire series of products in methylamine decomposition can be predicted in 
this way. The following steps may be tentatively suggested : 


(1) CH,*NH, —> CH, + NH,; 
(2) CH, + CH,NH, —> CH, + CH,*NH —> CH, + CH,‘NH + H; 
(3) NH, + CH,;NH, —> NH, + CH,*NH —> NH, + CH,‘NH + H; 
(4) H + CH,NH, —> H, + CH,-NH —> H, + CH,:NH + H; 

(5) CH,:NH —> HCN + H,. 


Thus the chain theory predicts that the decomposition will proceed via an aldimide 
CH,:NH, as already postulated by Hurd and Carnahan. We hope to deal with this matter 
more fully later. 

In conclusion, reference may be made to the photodecomposition of methylamine 
(Emeléus and H. S. Taylor, J. Amer. Chem. Soc., 1931, 53,3370). Further work in progress 
has shown that ammonia and hydrogen are the only significant gaseous products of this 
reaction. No hydrogen cyanide has been detected, but there are indications that close 
analogy is to be expected between the mechanisms of the thermal and the photochemical 
decomposition reaction. 

SUMMARY. 


(1) Methylamine decomposes at 550—670° according to the reactions: (a) CH,;-NH, = 
HCN + 2H,; (6) CH,-NH, + H, = CH, + NHsg. 

(2) Reaction (a) is unimolecular and is largely homogeneous, with an energy of activ- 
ation of 58,000 cals. ' 

(3) Reaction (5) is heterogeneous, the amount of methane formed increasing when the 
vessel is packed or the reaction temperature lowered. 

(4) The reactions (a) and (6) may be accounted for by a chain reaction initiated by the 
decomposition of methylamine into methyl and amino-radicals. 


The authors acknowledge their indebtedness to the Government Grant Committee of the 
Royal Society, Messrs. Imperial Chemical Industries, Ltd., the Board of Education and the 
Southend-on-Sea Borough Education Committee for grants. 
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212. Strychnine and Brucine. Part XXXIII. Methoxymethylchanodi- 
hydrostrychnanic Acid and its Resistance to Facile Dehydrogenation. 


By (Miss) T. M. REYNOLDs and RoBERT ROBINSON. 


THE smooth oxidation of methoxymethyldihydroneostrychnine (I, containing the double 
bond in the position hitherto preferred for the neo-series of bases) (Achmatowicz, Clemo, 
Perkin, and Robinson, J., 1932, 767) by perbenzoic acid with formation of methoxy- 
methylchanodihydrostrychnone (II) (Briggs and Robinson, J., 1934, 590) has recently 
been the subject of comment by Leuchs (Ber., 1935, 68, 292), who accepts the view that 
the product is a keto-amide, suggesting the usual modification of the ethylene-bridge 
(III) as the only variation from our formule. 
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Leuchs considers, however, that the formation of (III) proves that the double bond 
in the neo-bases is in the position shown in (IV) for methoxymethyldihydroneostrychnine. 


Be. CH,CH, % _ CH,CH, 
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This is admittedly the direct and natural interpretation of the ana process when 
taken by itself, but there are other circumstances which must be considered. The double 
bond in (IV) has moved two steps from its original position; it seems more likely that 
only one step would be taken. Secondly, we have frequently contrasted the lability of 
the methoxy-group in the meo-series of bases with its stability in their dihydro-derivatives, 
in both cases towards acids. It seems likely, therefore, that the double bond is in the 
By-position (allyl methyl ether type) to the methoxy-group. Thirdly, the :-C=C-NMe: 
system in (IV) might become ?C-C:NMe:}Cl when the hydrochloride is formed and we do 
not know of any evidence of the formation of such quaternary salts from meostrychnine, 
neostrychnidine, or the methoxylated bases. To take one example, meostrychnidine 
forms a normal methiodide (not a C-methyl derivative which would be a possibility for 
the system C=C:N) and it is immediately precipitated from solutions of its salts by ammonia. 

These arguments are inconclusive, but we adhere to our original explanation, as a possi- 
bility to be investigated along with Leuchs’s alternative, and we cannot admit that it can 
be ruled out on theoretical grounds. Such analogies as are available tend, in fact, to support 
our hypothesis that the process is indirect whatever the position of the double bond. 
We cannot find an instance of the fission of an olefin by perbenzoic acid in the sense 
“CC: + 20 —» °CO OC:. The points of attack would be the tertiary nitrogen atom and 
the double bond and we think that the rearrangement (A) is a no more improbable event 


O R 

4 * e J = 

*NMe—CH—C > —> -‘NMe‘CO CO—CH: (A.) 

than the rearrangement (B). So we are unable to accept the suggestion that oxidative 


O O 
. lh are 
‘NMe—C—C: —> ‘NMeCO CO? (B) 

scission at the dotted line in (I) is incredible. 

The further difficulties which Professor Leuchs finds depend on the acceptance of his 
point of view in regard to the mechanism of the oxidation and therefore no reply to the 
points raised is called for beyond a reaffirmation of the consistency of our position on the 
basis of the original conception of the structure of the meo-bases. 

As the result of further investigations, the possibility (Reynolds and Robinson, J., 
1934, 592) that methoxymethylchanodihydrostrychnone might be an aldehyde is not now 
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entertained. It was recovered quantitatively after being refluxed in aqueous solution 
with yellow mercuric oxide for one hour, and attempts to oxidise it with bromine and 
hydrobromic acid yielded a substance which reacted with sodium hydroxide and Fehling’s 
solution in the manner characteristic of the original substance and appeared to be penta- 
bromomethoxymethylchanodithydrostrychnonic acid hydrobromide (V). Since the method of 
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preparation of methoxymethylchanodihydrostrychnone by means of perbenzoic acid in 
ether, where the ether-insoluble product separates immediately, precludes the possibility of 
further action by the oxidising agent, the process was carried out in chloroform solution at 
40—50°; no heat was evolved after two molecular proportions of perbenzoic acid had been 
added, and (II) appeared to be the sole product of the reaction. As already stated (Briggs 
and Robinson, Joc. cit.), (II) is stable to permanganate under usual conditions and owing 
to the ease with which it undergoes auto-condensation other oxidising agents have yielded 
only amorphous unidentified products. 

In view of the probable analogy between methoxymethylchanodihydrostrychnone 
and the substances obtained by the permanganate oxidation of meostrychnidine (Clemo, 
Perkin, and Robinson, J., 1927, 1589; cf. Briggs and Robinson, loc. cit.), neobrucidine, 
methoxymethyldihydroneobrucidine (Gulland, Perkin, and Robinson, J., 1927, 1627), 
and methoxymethyldihydroneostrychnidine (Leuchs, Beyer, and Schulte-Overberg, Ber., 
1933, 66, 1384), it seemed desirable to make further attempts to isolate a crystalline pro- 
duct from a similar oxidation of methoxymethyldihydromeostrychnine, and an experiment 
is now described from which methoxymethylchanodihydrostrychnone has been obtained 
in 10% yield. It is highly probable that the yield can be increased and the reaction is 
being further investigated, but a mixture of substances is obtained, whereas oxidation 
with perbenzoic acid yields a remarkably pure product. 

We have frequently expressed the view that strychnine and its derivatives must contain 
a blocked dihydro-indole nucleus because the formation of aromatic indole derivatives 
in oxidation processes has not been observed. Against this it may be held that the stereo- 
chemistry of the complex ring system of strychnine stabilises the reduced indole nucleus, 
but, if our interpretation of the experimental evidence is correct, this resource is not 
available in the case of methoxymethylchanodihydrostrychnane (VI), the product of the 
Clemmensen reduction of (II) (Reynolds and Robinson, Joc. cit.). On the basis of the 
formula (VII) for strychnine this compound would have the structure (VIII) and there 
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does not seem to be any reason why it should not be easily oxidised to an indole 
derivative. Nevertheless we find that it can be recovered after being heated at 100° 
in glacial acetic acid solution with an excess of mercuric acetate for four hours and 
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after being heated in boiling naphthalene with sulphur for thirty minutes. In confirmation 

P of these results we have also prepared methoxymethyl- 

-¥y sv CHy CH; chanodihydrostrychnanic acid TTX) and nmgniel its 

CH ‘CO——NMe behaviour towards dehydrogenating agents with that 

{| / CH CH.-OMe Of cis-hexahydrocarbazole. Conditions have been 

Veg ae a found whereby hexahydrocarbazole may be converted 

NH (H CH into tetrahydrocarbazole by means of mercuric acetate 

HO,C CH CH, in dilute acetic acid solution in the cold or by means 

NZ N ” - (IX) of sulphur in quinoline solution at 175—180°; in 

CH, O—CH, parallel experiments methoxymethylchanodihydro- 
strychnanic acid was recovered unchanged. 

Methoxymethylchanodihydrostrychnanic acid was obtained from methoxymethyl- 
chanodihydrostrychnane by the action of hot 12% methyl-alcoholic barium hydroxide 
in an atmosphere of nitrogen; the reverse process could be effected by refluxing a solution 
of the acid in 5% hydrochloric acid for thirty minutes or by heating it at 180—185° in 
naphthalene, showing that no structural change had occurred. The stability of the 
-N(b)-CO- group is noteworthy; its presence is, however, confirmed, because the strych- 
nanic acid is acid to litmus and it yields a nitrosoamine which does not form a hydrochloride. 
The colour reactions of the acid show that the group ‘N(a)-CO: is the one that is hydrated. 


EXPERIMENTAL. 


Pentabromomethoxymethylchanodihydrostrychnonic Acid Hydrobromide (V).—A mixture of 
methoxymethylchanodihydrostrychnone (0-5 g.), water (12 c.c.), and 2N-bromine in hydro- 
bromic acid (6 c.c.) was gently refluxed and after 10 minutes a further quantity (4 c.c.) of 2N- 
bromine in hydrobromic acid was added. The mixture was heated again for 10 minutes, the 
excess of bromine was removed under diminished pressure, and the brown tar which separated 
on cooling was triturated with water, giving a brownish-yellow solid insoluble in chloroform, 
benzene, and ether, almost insoluble in water, but freely soluble in acetone and hot alcohol. 
It separated from methyl alcohol in an apparently microcrystalline form when concentrated 
hydrobromic acid was added to the hot solution just before the solid began to separate: it 
was recrystallised twice in this way, giving an orange-yellow solid which softened and darkened 
at 152° and decomposed at 157° [Found : loss in a high vacuum at 105°, 3-6. Found in dried 
material: C, 30-1; H, 2-5; Br, 53-2; Me(MeO + MeN), 3-1. C,,;H,,O,N,Br, requires C, 
30-5; H, 2-9; Br, 53-0; 2Me, 3-3%]. The substance was soluble in cold 5% aqueous sodium 
hydroxide to a brown solution, but a yellow amorphous precipitate was thrown down on heating ; 
it dissolved in hot aqueous sodium carbonate, reduced Fehling’s solution, and gave no ferric 
reaction in dilute acid solution; with 60% sulphuric acid and a drop of potassium dichromate 
solution an intense stable crimson coloration was developed. 

Permanganate Oxidation of Methoxymethyldihydroneostrychnine.—A solution of methoxy- 
methyldihydroneostrychnine (3-75 g.) in pure acetone (150 c.c.) was maintained at — 10° while 
powdered sieved (80-mesh) potassium permanganate (4-5 g.) was added with mechanical stirring 
during 90 minutes. After a further 2 hours’ stirring, the excess of permanganate in the filtered 
solution and washings (cold acetone) was removed by sulphur dioxide and the clear yellow 
solution was concentrated to a syrup under diminished pressure at room temperature. The 
residue was dissolved in chloroform (50 c.c.), and the solution washed thrice with 7% 
hydrochloric acid, once with water, dried over magnesium sulphate, and evaporated to a 
syrup, which solidified when triturated with ether (2 g.). This amorphous material became 
syrupy in air or in contact with solvents; it was dissolved in a little warm ethyl acetate, ether 
added to produce a turbidity, and the crystals which separated on cooling were recrystallised 
in the same way and found to consist of methoxymethylchanodihydrostrychnone (0-3 g.) 
(m. p. and undepressed mixed m. p.). 

Methoxymethylchanodihydrosirychnanic Acid (IX).—Anhydrous barium hydroxide (18 g.) 
was dissolved as far as possible in boiling methyl alcohol (100 c.c.) and air was excluded by 
means of a stream of nitrogen (washed with alkaline pyrogallol). A solution of methoxy- 
methylchanodihydrostrychnane (4-5 g.) in methyl alcohol (40 c.c.) was introduced, and the 
mixture refluxed for 4 hours. The light reddish-brown solution was cooled, just acidified with 
acetic acid, and concentrated under diminished pressure; water was added to the residue, and 
the solution extracted thrice with chloroform. The combined extracts were washed twice 
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with 5% sodium hydroxide solution and once with water, dried, and evaporated; the residue 
gave after recrystallisation pure methoxymethylchanodihydrostrychnane (1-5 g.). The alkaline 
aqueous solution was acidified with acetic acid and shaken with chloroform; the chloroform 
layer was washed with water, dried, and concentrated to a syrup, which crystallised when 
triturated with a little aqueous alcohol. The solid, recrystallised from 50% alcohol, formed 
clusters of needles consisting of almost pure methoxymethylchanodihydrostrychnanic acid (1 g., 
m. p. 199—200° after softening at 197°). Further recrystallisation from the same solvent 
raised the m. p. to 205—206°, with slight darkening and the evolution of gas, after softening 
at 203° [Found: C, 66-4; H, 7-6; N, 6-8; MeO, 8-1; Me(MeO + MeN), 8-4; no loss in a 
high vacuum at 80°. C,,;H;,0;N, requires C, 66-3; H, 7-7; N, 6-7; 1MeO, 7-5; 2Me, 7:2; 
2-33Me, 8-4%1. The high value obtained for MeO must be attributed to a partial liberation 
of MeI from MeN, and the low value for Me(MeO + MeN) is evidently due to further decom- 
position of the molecule under the drastic conditions employed (under the same conditions 
methoxymethylchanodihydrostrychnane gave Me, 7-5. Calc. for C,;H3g0,N,: 2Me, 7-5%). 
Methoxymethylchanodihydrostrychnanic acid is readily soluble in acetone, chloroform, and 
hot alcohol, very slightly soluble in hot water and hot benzene, and almost insoluble in ether 
and light petroleum. It dissolves easily in cold hydrochloric acid (0-1—10%) and in aqueous 
sodium hydroxide and sodium bicarbonate; it is acid to litmus; it gives a stable orange-red 
coloration in 60% sulphuric acid on the addition of a drop of potassium dichromate solution. 
The ferric reaction is best shown in aqueous solution—a faint pink in the cold, becoming an 
intense red on heating and then fading in about 2 seconds to pale yellow with the separation 
of a pale yellow precipitate; similar but more transient reactions are observed in 0-1% and 1% 
hydrochloric acid and in the latter case very little precipitate is formed. 

Regeneration of Methoxymethylchanodihydrostrychnane from (IX), including an Atiempt to 
dehydrogenate the Acid.—-(A) A solution of methoxymethylchanodihydrostrychnanic acid (0-1 g.) 
in 5°, hydrochloric acid (4 c.c.) was refluxed for 30 minutes, cooled, and basified with 40% 
aqueous sodium hydroxide. The pink syrup which separated was triturated with water and 
then with ether; it was dissolved in benzene, and light petroleum added drop by drop until 
all the coloured material had been precipitated. The solution was decanted and crystals of 
methoxymethylchanodihydrostrychnane were obtained by the addition of ether and identified 
by m. p. and mixed m. p. with an authentic specimen. 

(B) A mixture of methoxymethylchanodihydrostrychnanic acid (0-7 g.), sulphur (0-06 g.), 
and naphthalene (6 g.) was heated at 185° for 10 minutes and cooled, and the naphthalene dis- 
solved as far as possible in light petroleum. The residue was dissolved in dilute hydrochloric 
acid, the solution extracted with light petroleum and then with chloroform, and the chloroform 
layer washed with water, dried, and evaporated, yielding methoxymethylchanodihydrostrychnane 
(0-3 g.) (m. p. and mixed m. p.). 

N(a)-Nitrosomethoxymethylchanodihydrostrychnanic Acid.—Methoxymethylchanodihydro- 
strychnanic acid (0-1 g.) was dissolved in 5% hydrochloric acid (2 c.c.) by gentle heating, the 
solution cooled in ice, and sodium nitrite (0-2 g.) in water (0-5 c.c.) added. The mixture im- 
mediately became a semi-solid, pale yellow mass and, after dilution with a little water, the 
semicrystalline product was collected and rubbed with alcohol, inducing crystallisation. It 
was recrystallised from alcohol, forming pale yellow needles, decomp. 190° after softening and 
darkening at 187° (Found: C, 62-0; H, 7-1; N, 9-5. C,;H;,O,N, requires C, 62-0; H, 7-0; 
N, 9:4%). The nitrosoamine was soluble in aqueous sodium carbonate and was very faintly 
acid to litmus; with aqueous ferric chloride it gave a pink coloration in the cold, becoming a 
stable red on warming, but it gave only a pale yellow with ferric chloride in 0-1% or 1% hydro- 
chloric acid; it gave in 60% sulphuric acid a pinkish-orange solution, deepening to red on 
addition of potassium dichromate. 

Methoxymethylchanodihydrostrychnane.—In describing the preparation of this compound 
(Reynolds and Robinson, Joc. cit.) no mention was made of the strychnidine compound which 
was formed. Repeated efforts to isolate this substance have failed, but its presence is indicated 
by the intense ferric reaction in dilute hydrochloric acid exhibited by the mother-liquors and 
sometimes by the crude crystalline strychnane. Repeated crystallisation is required for the 
elimination of the last traces of this strychnidine derivative, the ferric reaction in hot hydro- 
chloric acid being a better guide than the m. p. 

Electrolytic reduction of methoxymethylchanodihydrostrychnane under the conditions 
used for the preparation of strychnidine from strychnine gave no new crystalline compound. 
The syrups obtained gave a strong reaction with p-dimethylaminobenzaldehyde indicative of 
an indole derivative with a free #-position; they also gave a ferric reaction, not, however, 
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of the usual strychnidine type, since it was of equal intensity in 1% and 15% hydrochloric 
acid. 

Attempts to dehydvogenate Methoxymethylchanodthydrostrychnane.—It has been shown 
(Perkin and Plant, J., 1921, 119, 1825; 1923, 123, 676) that tetrahydrocarbazole may be 
oxidised to carbazole by the action of mercuric acetate in acetic acid solution at 100°, or of 
sulphur in boiling quinoline, and similar conditions were therefore employed in the present 
experiments. 

(A) A solution of methoxymethylchanodihydrostrychnane (0-25 g.) in glacial acetic acid 
(2 c.c.) was mixed with one of mercuric acetate (0-25 g.) in the same solvent (2 c.c.) and heated 
in a boiling water-bath for (1) 15 minutes, (2) 4 hours, with the addition of a further quantity 
of mercuric acetate (0-2 g.) after 2 hours in the second case. In both experiments the light 
brown solutions obtained were diluted with water, saturated with hydrogen sulphide, filtered, 
and extracted with chloroform. The chloroform layer yielded a solid, which was recrystallised 
from benzene-light petroleum and proved to be methoxymethylchanodihydrostrychnane by 
m. p. and mixed m. p. (yield, 0-1—0-2 g.). 

(B) Methoxymethylchanodihydrostrychnane (0-75 g.) and sulphur (0-25 g.) were dissolved 
by heating in naphthalene (10 g.), and the solution then refluxed for 30 minutes; it darkened 
and a little hydrogen sulphide was evolved, but on cooling and extraction with light petroleum 
a dark solid remained which yielded only methoxymethylchanodihydrostrychnane (0-3 g.). 

Oxidation of cis-Hexahydrocarbazole to Tetrvahydrocarbazole-——(A) Mercuric acetate (4 g.), 
added to a solution of hexahydrocarbazole (0-5 g.) in 50% acetic acid (14 c.c.), dissolved in 
the cold on shaking; a solid began to separate immediately and after 24 hours the liquid had 
become yellow with a green fluorescence and was half-filled with a colourless sticky precipitate. 
The solid was isolated, washed with 50% acetic acid, and suspended in a mixture (approximately 
3:2) of hot 50% acetic acid and acetone, which was then saturated with hydrogen sulphide 
and filtered hot. On evaporation of some of the acetone and addition of water, almost pure 
tetrahydrocarbazole (0-2 g.) separated, and a further quantity was obtained by concentrating 
the filtrate. 

(B) Hexahydrocarbazole (1 g.) and sulphur (0-5 g.) were dissolved in quinoline (8 c.c.) and 
heated at 175—180° for 10 minutes. The cooled solution was added to an excess of dilute 
hydrochloric acid and the solid which separated was collected and washed with water. It 
consisted of a mixture of tetrahydrocarbazole and a substance formed by the action of sulphur 
on quinoline. The former was obtained by extraction with a little hot alcohol, filtration, and 
addition of a little water to the filtrate (yield, 0-2—0-3 g.). Hexahydrocarbazole is not oxidised 
at lower temperatures under the above conditions. 

Attempts to oxidise Methoxymethylchanodihydrostrychnanic Acid.—(A) Mercuric acetate 
(0-2 g.) was dissolved in a cold solution of methoxymethylchanodihydrostrychnanic acid (0-1 g.) 
in 50% acetic acid (2 c.c.). Crystals began to separate slowly after about 30 minutes and a mass 
of rosettes of colourless needles was formed over-night; after 24 hours the solid was collected 
and the colourless filtrate was diluted with acetone, warmed, saturated with hydrogen sulphide, 
filtered, and evaporated; there was no residue. The solid was suspended in a mixture of 50%, 
acetic acid and acetone and treated in the usual way, giving unchanged methoxymethylchano- 
dihydrostrychnanic acid, recovered quantitatively. 

When the substance was heated at 100° with mercuric acetate in glacial acetic acid solution, 
considerable decomposition occurred and it was not possible to determine whether oxidation 
of the normal type had taken place. 

(B) Methoxymethylchanodihydrostrychnanic acid (0-4 g.) and sulphur (0-03 g.) were dis- 
solved in quinoline (4 c.c.) by warming and the solution was heated at 175—180° for 10 minutes 
and then cooled and poured into an excess of 10% acetic acid. The brown solution was extracted 
with chloroform, the chloroform layer washed with 5% sodium hydroxide solution, and the 
alkaline extract acidified with acetic acid and treated in the usual way, giving unchanged 
methoxymethylchanodihydrostrychnanic acid (0-2 g.). No other substance could be isolated 
from the residual chloroform or aqueous solution. 

As stated above, methoxymethylchanodihydrostrychnanic acid was converted into methoxy- 
methylchanodihydrostrychnane at higher temperatures. 
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213. A New Synthesis of Chromylium Salts. Part II. 


By RosBert Rospinson and JAMES WALKER. 


THE method described in Part I (J., 1934, 1435), consisting essentially of the condensation 
of an unsaturated ketone with resorcinol in alcoholic solution in presence of hydrogen 
chloride and chloranil, has not been modified because no better conditions have been 
found. New applications, using resorcinol, have demonstrated the general character 
of the synthesis for a wide variety of unsaturated ketones. 6-Methoxy-2-benzylidene- 
coumaranone (I) yields (II), which has been demethylated. 


a) Meo” \’\c:cHPh HO, , - 
\ }—0o \ io OMe 


2-Benzoylcoumarone (III) similarly affords the pyrylium salt (IV), and (V) is obtained 
from 2-p-dimethylaminobenzylidene-1-hydrindone. 


Cl Cl 
~~ . 
CH 
> H 
(IIT.) ns . 
(V 


(IV.) NMe, 


In order to examine the lake-forming properties of the product, the salicylic acid 
residue has been introduced into an oxonium salt, the example (VI) being derived from 
the ester of 2-(3'-carboxy-4'-hydroxybenzylidene)-1-hydrindone and resorcinol. 


Cl Cl 
-- gage 
HO Re ~T Ph 
(VI.) : (VII.) 
CO,H 
OH H 


The salts (VII) and (VIII) have been prepared by demethylation of known substances 
(cf. Part I, loc. cit.), whereas (IX), (X), (XI), (XII) and (XIII) were prepared in order to 
show that the reactive phenol component can be varied within the usual limits. 
Comments may be made on the following points: The colour-base derived from 
(VIII) has a bluer tone than that derived from (VII); this is a special case of the general 
rule that substituents in the 2-substituted phenyl group have a larger influence in deepening 


Cl a Ho Cl 
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the colour of flavylium salts and their derivatives than have similar substituents in other 
positions. The salt (X) was obtained by Bilow and von Sicherer (Ber., 1901, 34, 3921) 
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by the condensation of pyrogallol, dibenzoylmethane, and hydrogen chloride. They 
describe, however, a monohydrate, whereas in our experience the salt always crystallised 


Picrate Picrate Picrate 
——~, = ‘On 
“~\Ph HO, Ph MeO, /~ ‘Ph 
HO HO 


gH,OMe h MeO Ph 
(XI.) (XII.) (XIII) 


as a trihydrate. Biilow and Sicherer did not describe the characteristic reactions of this 
salt. It readily yields a blue quinone-colour-base and a pseudo-base, and the following 
reactions can be realised : 

increasing PH 


>. 





Pyrylium salt == colour-base == pseudo-base 





< 
decreasing pH 


Most of these changes have often been described previously, but the conversion of the 
pseudo-base into the colour-base on the addition of acid without formation of the oxonium 
chloride appears to be novel. It supplements the direct removal of a proton from the 
kation of the pyrylium salt with formation of the colour-base or its realised converse, as 
in the example, 
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by the direct removal of carbinol eamd from a pyranol (the pyranol may also be an 
a-pyranol). 
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In the case of the dimethylamino-substituted salt (V) the usual effect of neutralisation 
of the auxochrome by salt-formation is recognisable. Solution of the yellow pyrylium 
salt hydrochloride in methyl alcohol causes hydrolysis to the dimethylamino-pyrylium 


salt, which is reddish-violet ; the quinone-base also is red. This salt was not obtained 
free from tetrachloroquinol, which crystallised in combination with it. 


EXPERIMENTAL. 

71-Hydroxy-4-p-hydroxyphenylflavylium Chloride (VII).—A mixture of 7-hydroxy-4-anisyl- 
flavylium chloride (J., 1934, 1437) (1 g.), phenol (6 g.), and colourless hydriodic acid (60 c.c., 
d 1-7) was boiled gently under reflux for } hour in a stream of carbon dioxide. Water (150 c.c.) 
and ether (150 c.c.) were added to the cooled mixture and a heavy black periodide was pre- 
cipitated; on shaking, this appeared to give place to golden needles of the iodide; these were 
collected, washed with ether, and dried. The crude iodide (1-1 g.) was added to a large excess 
of freshly precipitated silver chloride suspended in ethyl alcohol (80 c.c.) and the mixture was 
boiled for 10 minutes and filtered hot. An equal volume of dilute hydrochloric acid was added 
to the filtrate, which deposited needles of the chloride on standing (0-85 g.). The chloride, 
recrystallised from 85% methyl alcohol containing 2°, of hydrogen chloride, formed fine, 
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reddish-orange needles (Found in material dried in a vacuum over sulphuric acid and potassium 
hydroxide : C, 63-3; H, 5-3; Cl, 9-2. C,,H,,O,Cl,2-5H,O requires C, 63-7; H, 5-1; Cl, 9-0%). 

The salt dissolves in concentrated sulphuric acid to a yellow solution exhibiting a green, 
not very intense, fluorescence; on warming, the colour darkens slightly and the fluorescence 
is almost discharged, but the initial properties return on cooling. The anhydronium base 
dissolves sparingly in ether to an orange-red solution; apparently it is incompletely extracted 
from water by ether. When the salt is shaken with ether—-aqueous sodium carbonate, the ether 
remains colourless and the aqueous solution has a reddish-orange colour. 

7: 4’-Dihydroxy-4-phenylflavylium Chloride _(VIII).—7-Hydroxy-4’-methoxy-4-pheny]- 
flavylium chloride (J., 1934, 1438) (1 g.) was demethylated precisely as described above; the 
alcoholic solution of the chloride was, however, concentrated to about one-third of its bulk 
before being treated with dilute hydrochloric acid (50 c.c.); fine orange needles (0-9 g.) were 
then obtained. The salt crystallised from 70% methyl alcohol, containing 2% of hydrogen 
chloride, in orange prisms and from 80% methyl alcohol, containing 1-5% of hydrogen chloride, 
in fine reddish-orange needles (Found in a specimen dried in a vacuum over sulphuric acid : 
C, 65-2; H, 4-7; Cl, 9-2. C,,H,,;0,Cl,2H,O requires C, 65-2; H, 4:9; Cl, 9-2%). 

The yellow solution of the chloride in concentrated sulphuric acid shows a strong green 
fluorescence, slightly weaker, however, than that of the methoxylated salt under the same 
conditions. The orange solution in methyl alcohol is devoid of fluorescence in contrast to the 
parent substance. Addition of sodium acetate to an aqueous-alcoholic solution precipitates 
reddish-violet flocks of the quinone-base, which is sparingly soluble in ether or benzene. When 
the salt is treated with sodium acetate in a little methyl alcohol and then distributed between 
ether and water, the water retains a magenta colour and the ethereal layer has a red colour. 
When the chloride is shaken with a mixture of ether and sodium carbonate solution, no colour 
passes into the ether and the aqueous layer has a deep bluish-red colour. This reaction proves 
that the demethylation was complete. 

71-Hydroxy-6’-methoxy-4-phenyl-2 : 3-coumareno(3’ : 2’)-chromylium* Chloride (II).—6-Meth- 
oxy-2-benzylidenecoumaranone (5-0 g.) (v. Auwers and Pohl, Amnalen, 1914, 405, 268) 
was condensed with resorcinol (2-2 g.) in ethyl alcohol (70 c.c.) containing 10% of hydrogen 
chloride in presence of chloranil (4-9 g.). After 6 hours the chloranil had disappeared and after 
16 hours the bright brick-red powder was precipitated with ether (500 c.c.), filtered off, and dried 
in a vacuum (8-4 g.; 98% yield). It was shaken with anisole containing hydrogen chloride, 
collected, washed with ether, and crystallised from 80% methyl alcohol containing 1—2% 
hydrogen chloride, forming reddish-orange, microscopic, very sparingly soluble prisms (Found 
in a specimen dried over sulphuric acid and potassium hydroxide in a vacuum: C, 60-8; H, 
3-7; Cl, 20-9. C,,H,;0,Cl,1-5HCl requires C, 60-9; H, 3-8; Cl, 20-5%). The composition 
suggested is unusual but not unique, as in the related group of the anthocyanins the appearance 
of hydrogen chloride as an addendum has frequently been noticed. 

The salt is very sparingly soluble in the usual solvents for the type and its yellow solution 
in concentrated sulphuric acid has a strong yellowish-green fluorescence; on warming, the 
colour of the solution becomes orange, and the fluorescence gradually diminishes, but returns 
sharply on continued heating as a darker green shade, which, when the liquid is cold, is even 
more intense than the initial fluorescence. The fluorescence in sulphuric acid is markedly 
diminished on 12-fold dilution with water, but is still perceptible; it is not affected on 12-fold 
dilution of the solution with acetic acid; also the solution of the salt in acetic acid exhibits 
green fluorescence. The quinone-base is crimson and dissolves in ether or benzene to bluish- 
red solutions which are bluer in thin layers. 

7: 6’-Dihydroxy-4-phenyl-2 : 3-coumareno(3’ : 2’)-chromylium Chloride.—The above salt (1 g.) 
was demethylated as in the previous cases and the filtered alcoholic solution of the chloride was 
mixed with an equal volume of dilute hydrochloric acid; the bright orange-red, microscopic, 
diamond-shaped crystals that separated were collected, washed, and dried (0-65 g.). The 
chloride was extremely sparingly soluble in the usual solvents and was analysed without further 
purification (Found: C, 68-9; H, 3-7; Cl, 9-5. C,,H,,0,Cl requires C, 69-1; H, 3-6; Cl, 
9-7%). Addition of sodium acetate to an aqueous-alcoholic solution precipitates purple flocks 
of the quinone-base, which is insoluble in benzene, ether or ethyl acetate. Addition of sodium 
acetate to a methyl-alcoholic solution of the salt develops a bluish-red coloration and a very 


* The expression “ flavylium’’ for ‘“‘ 2-phenylbenzopyrylium ’’ has proved useful and is generally 
understood. Hence, since benzo-y-pyrone is well known as chromone, there seems to be no reason 
why the somewhat shorter ‘‘ chromylium ”’ should not replace “ benzo-y-pyrylium.”’ 
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intense red fluorescence. Under the same conditions the parent methylated compound gives 
a red non-fluorescent solution which is bluer in thin layers. In concentrated sulphuric acid 
the behaviour of this salt is very similar to that of the parent compound except that the green 
fluorescence is slightly bluer in tone. 

Chrysinidin Chloride (5: 7-Dihydroxyflavylium Chloride) (1X).—Phloroglucinol (6-0 g.) was 
condensed with a crude specimen (10 g.; ca. 30% excess) of phenyl vinyl ketone (Mannich 
and Heilner, Ber., 1922, 55, 356) in presence of chloranil (12 g.) in ethyl alcohol containing 
ca. 12% of hydrogen chloride; a vigorous exothermic reaction took place, accompanied by the 
separation of much solid. After 15 hours the product was precipitated with ether (500 c.c.), 
collected, washed with ether, and dried (10 g.; 87% yield). The crude reddish-brown product 
was shaken with anisole—benzene (1 : 1) containing a little hydrogen chloride in order to remove 
the last traces of chloranil; it then crystallised from acetic acid—hydrochloric acid in clusters 
of dark red prisms (Found: C, 59-0; H, 4:7. Calc. for C,,;H,,0,Cl,2H,O: C, 58-0; H, 4-8%) 
(Pratt, Robertson, and Robinson, J., 1927, 1977, found C, 58-7; H, 4-7%). A few mg. of the 
perchlorate were prepared; it had m. p. 230° (decomp.) without recrystallisation (Pratt, 
Robertson, and Robinson, /oc. cit., give m. p. 244° decomp.). The colour reactions of this salt 
were precisely as described by these authors. 

7-Hydroxy-3 : 4-coumareno(2” : 3’)-flavylium Chloride (IV).—A mixture of 2-benzoyl- 
coumarone (4-5 g.) (Rap, Gazzetia, 1895, 25, ii, 286), resorcinol (2-3 g.), chloranil (4-9 g.), and 
ethyl-alcoholic hydrogen chloride (70 c.c. of 12%) was kept at room temperature for 7 days, 
and ether (500 c.c.) then added. The finely powdered crude product was shaken with anisole 
(60 c.c.) containing dissolved hydrogen chloride and after 3 hours the solid was collected and 
washed with ether. The light reddish-brown powder (4-0 g.) was very readily soluble in ethyl 
and methyl alcohols; on warming with alcoholic hydrogen chloride, tars resulted, so the usual 
methods of recrystallisation were useless. The sa/¢ was dissolved in methyl alcohol and pre- 
cipitated as a sandy brown powder by the careful addition of a little concentrated hydrochloric 
acid (Found in a specimen dried in a vacuum: C, 69-2; H, 4-4. C,,H,,0,Cl,H,O requires 
C, 68-8; H, 41%). 

This salt readily loses its hydrogen chloride on exposure and an old specimen did not give 
the characteristic colour reaction with sodium acetate until it had been moistened with con- 
centrated hydrochloric acid. Addition of sodium acetate to an aqueous-alcoholic solution 
precipitates a bluish-violet quinone-base, the solution of which in ether or benzene is deep 
bluish-violet; the colour fades through light violet (5 minutes) to pale yellow (ca. 20 minutes). 
The orange solution in concentrated sulphuric acid exhibits an intense green fluorescence. 

7-Hydroxy-4-p-dimethylaminophenyl-2 : 3-indeno(3’ : 2’)-chromylium Chloride Hydrochloride 
(V).—A mixture of p-dimethylaminobenzylidenehydrindone (5-2 g.) (Feuerstein, Ber., 1901, 
34, 415), resorcinol (2-2 g.), chloranil (4-9 g.), and ethyl-alcoholic hydrogen chloride (70 c.c. 
of 12%) was warmed to about 60° in order to dissolve the hydrochloride of the first-named 
component. On cooling, khaki-coloured material was deposited and after 2 days ether (150 
c.c.) was added and the greenish-yellow powder was washed with ether and dried (6-5 g.). 
After treatment with anisole in the usual way it crystallised from 25% acetic acid, containing 
15% of hydrogen chloride, in clusters of short yellow prisms [Found in material dried in a 
vacuum: C, 45:7; H, 3-0; Cl, 38-3. C,,H,,;O,NCIl,,2C,H,O,Cl,,2H,O (7.e., C3,H,,O,NC1,,) 
requires C, 45-7; H, 3-0; Cl, 37-6; N, 15%]. On recrystallisations from 25% acetic acid 
containing 3% of hydrogen chloride, clusters of darker crystals were obtained (Found: C, 
43-2; H,2-9; Cl, 40-4, 39-9; N,1-2%). When the salt (ca. 100mg.) was heated under diminished 
pressure, a white sublimate of monoclinic prisms was obtained, m. p. 210—213°; this was 
recrystallised once from benzene and had then m. p. 220—222° (Found on 0-9 mg.: Cl, 52-3. 
Calc. for C,H,O,Cl, : Cl, 57%). The recrystallisation was very wasteful and further purification 
was impracticable. Tetrachloroquinol has m. p. 232—236°. 

The yellow solution in concentrated sulphuric acid shows a strong apple-green fluorescence ; 
on warming, thé colour deepens somewhat and the fluorescence is diminished. The solution 
in methyl alcohol is deep reddish-violet, becoming yellow on the addition of hydrochloric acid 
and pink on the addition of a trace of sodium acetate. 

7 : 8-Dihydroxy-4-phenylflavylium Chloride (X).—A mixture of pyrogallol (2-5 g.), benzyl- 
ideneacetophenone (4-2 g.), chloranil (4-9 g.), and ethyl-alcoholic hydrogen chloride (50 c.c. 
of 12%) was kept for 15 hours at room temperature, ether (500 c.c.) was then added, and the 
precipitate was collected, washed with ether, and dried. The crude product (4g.) was a granular 
maroon-coloured powder, which, after being washed with anisole containing a little dissolved 
hydrogen chloride, separated from 40% methyl alcohol, containing 1—2% of hydrogen chloride, 
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in needles 7—8 mm. in length and about 0-5 mm. in thickness; these were dark orange-brown 
under the microscope by transmitted light and appeared to be purplish-black with a steel-blue 
reflex by reflected light (Found in air-dried material: C, 62-7, 62-0; H, 5-5, 5-5; Cl, 8-5, 9-0. 
C,,H,,0;C1,3H,O requires C, 62-3; H, 5-2; Cl, 8-8%). 

The sali was practically insoluble in water, but was readily soluble in alcohol to a deep 
reddish-orange solution. Addition of sodium acetate to an aqueous-alcoholic solution pre- 
cipitated a blue colour-base which had a purple reflex; it was soluble in ether or benzene to a 
deep ultramarine solution. Addition of a little sodium acetate to a solution of the salt in methyl 
alcohol gave a pure deep blue solution; on addition of a little sodium carbonate, rapid decoloris- 
ation took place due to the formation of a colourless pseudo-base. Dilute hydrochloric acid 
was then added carefully, whereupon the deep blue colour was assumed once more and addition 
of an excess of the acid gave the reddish-orange solution of the oxonium salt. The orange 
solution in concentrated sulphuric acid was not fluorescent. 

7-Hydroxy-4-(4"-hydroxy-3’-carboxyphenyl)-2 : 3-indeno(3’ : 2’)-chromylium Chloride (V1).— 
5-Aldehydosalicylic acid (4 g.; 1 mol.) (Duff and Bills, J., 1932, 1987; 1934, 1306) was mixed 
with a-hydrindone (3-3 g.; 1 mol.) in alcohol (35 c.c.), and aqueous potassium hydroxide (5-6 g., 
4 mols., in 5 c.c.) was added with shaking. The deep orange-red solution was kept at room tem- 
perature for 12 hours and the resulting semi-solid mass was dissolved in water and extracted 
with ether. The dissolved ether was removed from the separated aqueous solution in a current 
of air, the deep orange-brown solution was then acidified with hydrochloric acid, and the some- 
what gelatinous acid was collected, washed with water, and dried in a vacuum (yield, quantit- 
ative). Crystallisation from glacial acetic acid afforded cream-coloured rectangular prisms, 
m. p. 285° (Found: C, 73-1; H, 4:4. C,,H,,O, requires C, 72-9; H, 4:3%). 

The acid was soluble in concentrated sulphuric acid with a greenish-yellow colour and in 
aqueous alkalis with an intense orange colour. The ethyl ester was prepared by prolonged 
refluxing of the acid with ethyl alcohol and a few c.c. of concentrated sulphuric acid; the length 
of the operation is due to the sparing solubility of the acid in boiling alcohol. The product 
was added to water and shaken with chloroform, and the chloroform solution washed with 
aqueous sodium carbonate several times, dried, and evaporated. The ester separated from 
ethyl acetate in fine, almost colourless needles, m. p. 172° (Found: C, 73-6; H, 5-4. Cy j9H,,0, 
requires C, 74-0; H, 5-2%). 

This substance was far too sparingly soluble to allow of its application to the pyrylium salt 
synthesis under the standard conditions; the only solvent that could be used was dioxan. 
The above ester (2-7 g.), resorcinol (1-0 g.), and chloranil (2-2 g.) dissolved in dioxan (50 c.c.) 
containing hydrogen chloride (4 g.) to a clear reddish-brown solution. After 6 days the mixture, 
with solid in suspension, was added to ether (350 c.c.) and the reddish-orange crude product 
was collected and dried (2-0 g.). It was immediately treated with hydriodic acid and phenol 
as described above and the iodide (1-5 g.) was converted into the chloride in the usual way. 
The crude chloride (1-0 g.) was boiled with ethyl alcohol containing about 2% of hydrogen 
chloride and the residue consisted of a deep brick-red, granular, crystalline powder (Found : 
C, 66-7; H, 3-9. C,,;H,,0,;Cl1,0-5H,O requires C, 66-4; H, 3-9%). 

The salt is very sparingly soluble in the usual solvents and insoluble in water; it dissolves 
in neutral alcohol to a deep orange solution, which becomes bright orange-red on the addition 
of a trace of sodium acetate. The salt is all but insoluble in alcohol containing a trace of 
hydrogen chloride. It dissolves in concentrated sulphuric acid to a yellow solution with an 
intense green fluorescence; on warming, the colour deepens somewhat and the fluorescence is 
rapidly discharged; on cooling again, the fluorescence returns, but to a less brilliancy and a 
darker tone. 

2-Phenyl-4-anisyl-5 : 6-naphtha(1’ : 2’)-pyrylium Picrate (XI).—A mixture of §-naphthol 
(2-9 g.), anisylideneacetophenone (4-8 g.), and chloranil (4-9 g.) in ethyl alcohol (50 c.c.) con- 
taining 12% of hydrogen chloride was kept at room temperature for 7 weeks. The light brown 
solution was then filtered from unchanged chloranil (3-2 g.), which was washed with alcohol, 
and ether (500 c.c.) was added, precipitating a brown liquid. The ether was decanted, and the 
brown liquid washed with fresh ether. On addition of an excess of a saturated alcoholic solu- 
tion of picric acid a brick-red crystalline substance separated; this was dried (2-0 g.), and 
crystallised from half-saturated ethyl-alcoholic picric acid, forming fine red prisms, m. p. 
204° (Found: C, 64-8; H, 3-6; N, 7-1. C3,H,,O,N,; requires C, 65-0; H, 3-6; N, 7-1%). 

6 : 7-Dihydroxy-4-phenylflavylium Picrate (XII).—Hydroxyquinol (2-5 g.), benzylidene- 
acetophenone (4-2 g.), and chloranil (4-9 g.) were mixed in ethyl alcohol (50 c.c.) containing 12% 
of hydrogen chloride. Chloranil could no longer be seen in the dark reddish-brown solution 
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after 12 hours at room temperature. Addition of ether (500 c.c.) to the alcoholic solution 
precipitated a dark brown viscous liquid, which was washed with ether, dissolved in a little 
alcohol, and mixed with a large excess of aqueous sodium acetate. The crimson quinone- 
base precipitated was collected, washed with water, and dried in a vacuum. The crude base 
(1-2 g.) was dissolved in ethyl alcohol (15 c.c.) and mixed with alcoholic picric acid (25 c.c., 
saturated at room temperature); on cooling, brownish-yellow needles of the picrate separated. 
Recrystallisation from half-saturated alcoholic picric acid gave brownish-yellow needles, m. p. 
235° (Found: C, 58-4; H, 3-2; N, 7-5. Calc. for C,,H,,0,)9N3,0°5H,O: C, 58-7; H, 3-3; 
N, 7:6%). Biilow and v. Sicherer (Ber., 1901, 34, 3929) describe this derivative as “‘ rothen 
Nadelchen ”’ of m. p. 236° and record N, 7-44% only. 

The quinone-base dissolved in concentrated sulphuric acid to an orange solution with a 
faint green fluorescence. 

6-Hydroxy-5 : 7-dimethoxy-4-phenylflavylium Picrate (XIII).—2 : 6-Dimethoxyquinol (3-4 g.), 
benzylideneacetophenone (4-2 g.), and chloranil (4-9 g.) were mixed in ethyl alcohol (50 c.c.) 
containing ca. 12% of hydrogen chloride. Separation of a copious sand-coloured crystalline 
precipitate occurred soon after mixing (quinhydrone-type substance), but next day this had 
redissolved, giving a reddish-brown solution. The alcoholic solution was filtered and mixed 
with ether (500 c.c.). The black tarry liquid precipitated was treated with a large excess of 
saturated alcoholic picric acid, producing deep reddish-brown microscopic crystals (6-5 g.). 
Recrystallisation from half-saturated alcoholic picric acid, in which the compound was rather 
sparingly soluble, gave a dark reddish-brown microcrystalline powder, m. p. 220° (decomp.) 
(Found: C, 58-5; H, 4-1; N, 6-8. C,,H,,0,,N;,0-5H,O requires C, 58-4; H, 3-7; N, 7-0%). 

Miscellaneous Trials.—Arsenic acid was tried as an oxidising agent, under the same con- 
ditions as chloranil, in an attempt to condense resorcinol with styryl anisyl ketone, but the 
reaction was very slow and gave a very impure specimen of the desired salt. Styryl anisyl 
ketone was selected because it condenses readily with resorcinol under the standard conditions 
and also because the resulting salt can be quickly recognised owing to the striking fluorescence 
in concentrated sulphuric acid. Lead peroxide as oxidising agent gives extremely poor yields, 
probably because it is too powerful in the presence of hydrogen chloride to be of value in a slow 
reaction of polyhydric phenols. 

Ethyl benzylidenepyruvate (6-1 g.) (the method of Reimer, J. Amer. Chem. Soc., 1924, 46, 
785, gives a monomeric product; cf. Musajo, Gazzetta, 1932, 62, 901), resorcinol (3-3 g.), and 
chloranil (7-4 g.) were mixed in ethyl alcohol (75 c.c.) containing hydrogen chloride (11 g.). 
The formation of an oxonium salt was detected by exchange between benzene or ether (light 
pink), sodium acetate, and hydrochloric acid (yellow), but after 12 days at room temperature 
a large proportion of the chloranil (5-3 g.) was recovered and the usual methods of isolation 
failed. 

No condensation occurred with benzylidene-N-methyloxindole (Stollé, J. pr. Chem., 1930, 
128, 5) under the usual conditions. 

Pyrogallol and 6-methoxy-2-benzylidenecoumaranone gave a very poor yield of a condens- 
ation product, which was not investigated further. The quinone-base had a deep pure blue 
colour in methyl-alcoholic solution and this became light green on addition of a drop of aqueous 
ferric chloride. 


The authors thank the Carnegie Trust for the Universities of Scotland for a Fellowship 
granted to one of them; they are also grateful to the Imperial Chemical Industries Id. for 
grants. 
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214. Bromination of Resorcinol Monobenzoate and Nitration of 4 : 6-Di- 
bromoresorcinol 3-Benzoate. An Example of Growp Migration. 


By HERBERT H. Hopcson and (in part) R. J. H. Dyson. 


In dry chloroform solution, resorcinol 3-benzoate is brominated in three stages, the initial 
reaction being mainly in the 6-position and subsequent attack taking place at the 4- and 
finally at the 2-position. It would appear, therefore, that the activated condition of the 
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monobenzoate is represented by the formula BzO-C COPS cu. The almost 
quantitative character of the 6-bromination was established by methylation of the product 
to 6-bromoanisyl 3-benzoate, hydrolysis to 6-bromo-3-hydroxyanisole, and nitration to 6- 
bromo-4-nitro-3-hydroxyanisole, which was obtained in over 90% yield. The isomeric 
4-bromoanisyl 3-benzoate has been synthesised for constitutional reasons. 

The constitution of 4: 6-dibromoresorcinol 3-benzoate follows from its hydrolysis to 
4: 6-dibromoresorcinol and the failure of this product to give eosin when condensed with 
phthalic anhydride, as well as from the identity of 4:6-dibromoresorcinol dibenzoate 
prepared from it and from authentic 4 : 6-dibromoresorcinol. 

When 4 : 6-dibromoresorcinol 3-benzoate is mononitrated by nitric acid in glacial acetic 
acid solution, 2 : 4-dibromo-6-nitroresorcinol 3-benzoate results, indicating migration of 
bromine from the 6- to the 2-position (compare Hodgson and Smith, J., 1931, 2268), but 
when acetylorthonitric acid is used in acetic anhydride medium a certain amount of 2- 
nitration appears to occur. 

Although resorcinol is readily monobenzoylated by benzoyl chloride in aqueous sodium 
carbonate, the di-p-toluenesulphony]l derivative is always formed with #-toluenesulphonyl 
chloride; 2-nitroresorcinol also affords only di-derivatives with methyl sulphate, benzoyl 
chloride, and p-toluenesulphony] chloride. 

A useful method for the preparation of 2-nitroresorcinol afforded 6-nitroresorcinol 
3-methyl ether when applied to resorcinol monomethy] ether. 


EXPERIMENTAL. 


(a) Monobromination.—A solution of resorcinol 3-benzoate (2-14 g., m. p. 133°) in chloroform 
(20 c.c., dried over calcium chloride) was treated gradually with one of bromine (1-6 g.) in a little 
dry chloroform; colourless needles of 6-bromoresorcinol 3-benzoate (2-5 g.) separated, m. p. 169° 
after recrystallisation from alcohol (Found: Br, 27-0. C,,;H,O,Br requires Br, 27-3%). When 
ordinary (7.e., moist) chloroform was used, dibromination occurred. 6-Bromoanisyl 3-benzoate, 
prepared by the action of methyl sulphate on an aqueous sodium carbonate suspension of the 
above product, crystallised from alcohol in colourless needles, m. p. 140° (Found: Br, 25-9. 
C,,H,,O,Br requires Br, 26-0%). 

4-Bromo-6-nitroresorcinol 3-methyl ether was prepared from 6-bromoresorcinol 3-benzoate 
(3 g.) by methylation as above, followed by hydrolysis with boiling aqueous sodium hydroxide 
to 6-bromo-3-hydroxyanisole, acidification of the alkaline solution with dilute sulphuric acid, 
and addition in the cold of an excess of sodium nitrite. When the mixture was steam-distilled 
after 12 hours, 4-bromo-6-nitroresorcinol 3-methyl ether (2-2 g.) passed over; it crystallised 
from water or aqueous alcohol in pale yellow, elongated parallelepipeds, m. p. 114° (Found: 
Br, 32-1. C,H,O,NBr requires Br, 32-2%). It was synthesised from 6-nitroresorcinol 3- 
methyl ether (7 g.) by treatment of its dry chloroform solution at room temperature with 
bromine (7 g.) in dry chloroform, separating after 1 hour. 2: 4-Dibromo-6-nitroresorcinol 
3-methyl ether was prepared by the action of alkaline sodium hypobromite on 6-nitroresorcinol 
3-methyl ether and on the two monobromo-products previously described; it crystallised from 
aqueous 50% alcohol in bright yellow needles, m. p. 128° (Found: Br, 48-7. C,H,O,NBr, 
requires Br, 48-9%). 

Synthesis of 4-Bromoanisyl 3-Benzoate.—4-Bromo-3-nitroanisole was prepared by diazotising 
3-nitro-p-anisidine (14 g.) at 0° in a solution of concentrated sulphuric acid (16 c.c.) and water 
(60 c.c.), adding the mixture to a hot aqueous solution of sodium bromide (10 g.) and copper 
sulphate (28 g.), and removing the product by steam-distillation; it crystallised from alcohol 
in yellow needles, m. p. 32° (Found: Br, 34-4. C,H,O,NBr requires Br, 34:5%). Reduction 
by the usual iron process gave 4-bromo-m-anisidine, which was removed by steam-distillation 
and isolated as the hydrochloride; this crystallised from water in colourless needles, m. p. 186° 
(Found: Cl+ Br, 48-1. C,H,ONBr,HCl requires Cl + Br, 48-4%). Conversion into 4- 
bromo-3-hydroxyanisole was carried out by the standard steam distillation-decomposition 
process (Hodgson, E.P. 200,714), and benzoylation by the Schotten—Baumann reaction gave 
4-bromoanisyl 3-benzoate, which crystallised from alcohol in colourless needles, m. p. 65° (Found : 
Br, 25-8. C,,H,,O,Br requires Br, 26-0%). 

(b) Dibromination.—The details were as under (a) but 3-2 g. of bromine were used. 4: 6- 
Dibromoresorcinol 3-benzoate was produced, which crystallised from alcohol in colourless needles, 
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m. p. 155° (Found: Br, 42-9. C,,;H,O,Br, requires Br, 43-0%). Hydrolysis with boiling aqueous 
10% sodium hydroxide (slight excess) and treatment of the cooled solution with carbon dioxide 
gave 4: 6-dibromoresorcinol, which was removed in ether and crystallised on slow evaporation 
in long colourless parallelepipeds (m. p. 110°); recrystallised from hot water, long colourless 
needles were obtained, m. p. and mixed m. p. with an authentic specimen, 112° (Found: Br, 
59-5. Calc.: Br, 59-7%). On chlorination, 2-chloro-4 : 6-dibromoresorcinol was formed; it 
crystallised from hot water in colourless needles, m. p. 86°, identical with an authentic specimen. 

4 : 6-Dibromoresorcinol dimethyl ether, prepared by adding methyl sulphate to a moist mixture 
of 4 : 6-dibromoresorcinol and potassium carbonate, was volatile in steam and crystallised from 
dilute alcohol in colourless plates, m. p. 65° (Found: Br, 54:0. C,H,O,Br, requires Br, 54-1%). 
4 : 6-Dibromoanisyl 3-benzoate was formed by shaking a suspension of 4 : 6-dibromoresorcinol 
3-benzoate in aqueous sodium carbonate with methyl sulphate; it crystallised from alcohol in 
colourless needles, m. p. 95° (Found: Br, 41-3. C,,H,,O,;Br, requires Br, 41-4%). 4: 6- 
Dibromoresorcinol dibenzoate was prepared by adding benzoyl chloride to an aqueous sodium 
hydroxide solution of (a) 4: 6-dibromoresorcinol and (b) 4: 6-dibromoresorcinol 3-benzoate ; 
in each case the precipitated dibenzoate crystallised from 50% aqueous alcohol in colourless 
needles, m. p. 164° (Found: Br, 33-4. C,)9H,,0,Br, requires Br, 33-6%). 

Nitration of 4: 6-Dibromoresorcinol 3-Benzoate-—(a) The benzoate (2 g.), dissolved in hot 
glacial acetic acid (20 c.c.), was well stirred to promote rapid crystallisation while cooling, and 
treated at 25° with nitric acid (0-5 c.c.; d 1-5) in glacial acetic acid (2 c.c.); the temperature 
rose to 35° and complete dissolution occurred. The solution was finally heated to 50° and 
allowed to cool gradually, and 2 : 4-dibromo-6-nitroresorcinol 3-benzoate precipitated by cautious 
addition of water; it crystallised from dilute acetic acid in bright yellow parallelepipeds, m. p. 
141° (Found: Br, 38-2. C,,H,O;NBr, requires Br, 38-4%). It was not volatile in steam, and 
formed a scarlet sodium salt insoluble in excess of alkali. Hydrolysis by boiling 10% aqueous 
sodium hydroxide and cautious acidification of the deep red solution precipitated 2 : 4-dibromo- 
6-nitroresorcinol, which crystallised from aqueous alcohol in a lattice of golden-yellow parallele- 
pipeds, m. p. 151° (Dahmer, Annalen, 1904, 333, 360, gives m. p. 148—149°) (Found: Br, 51-0. 
Calc. : Br, 51-1%), identical with a specimen prepared by the dibromination of 6-nitroresorcinol. 
It was readily soluble in hot water, from which it crystallised in long needles, was slowly volatile 
in steam, and gave a scarlet sodium salt readily soluble in excess of alkali. (b) The benzoate 
(2 g.), dissolved in acetic anhydride (20 c.c.), was treated gradually at 10—20° with diacetyl- 
orthonitric acid (2 c.c.) with vigorous stirring. After 15 minutes, the solution was poured into 
water, and the precipitate crystallised from alcohol; m. p. 130° (Found: Br, 38-3. 
C,;H,O;NBr, requires Br, 38-4%). It appeared to be a mixture, for hydrolysis with aqueous 
sodium hydroxide and treatment as above gave a product consisting of red micro-prisms and 
yellow needles, m. p. 145° (Found: Br, 49-9. Calc. : Br, 51-1%), apparently of 4 : 6-dibromo- 
2-nitro- and 2: 4-dibromo-6-nitro-resorcinol, the latter predominating. 

(c) Tribromination.—Resorcinol 3-benzoate (5 g.) was treated in chloroform solution with 
bromine (5 c.c.). 2:4: 6-Tribromoresorcinol 3-benzoate crystallised from chloroform-light 
petroleum in large prisms, m. p. 120° (Found: Br, 53-1. C,;H,O;Br, requires Br, 53-2%), 
very soluble in methyl and ethyl alcohol, glacial acetic acid, less soluble in light petroleum, and 
slightly soluble in hot water. Hydrolysis with boiling aqueous sodium hydroxide gave 2: 4 : 6- 
tribromoresorcinol. 

Preparation of 2-Nitroresorcinol and of 6-Nitroresorcinol 3-Methyl Ether.—Resorcinol (11 g.) 
or resorcinol monomethy] ether (12 g.) was dissolved in the minimum amount of glacial acetic 
acid and treated with oleum (60 g.; 26%); the pasty yellow mass of sulphonated product was 
nitrated at 0° by nitric acid ( 5 c.c.; d 1-5) in glacial acetic acid (10 c.c.), the solution kept for 
1 hour and diluted with water, and the sulphonic acid groups eliminated by superheated steam ; 
2-nitroresorcinol (8 g.; m. p. 85°) or 6-nitroresorcinol 3-methyl ether (8 g.; m. p. 95°) passed 
over. 

4 : 6-Dibromo+2-nitroresorcinol.—This was prepared by dissolving 2-nitroresorcinol (1 g.) 
in glacial acetic acid (10 c.c.), adding a solution of bromine (1 c.c.) in glacial acetic acid (5 c.c.), 
and heating the mixture gradually to 50°. On cooling, 4 : 6-dibromo-2-nitroresorcinol separated 
at 35° in scarlet micro-prisms, m. p. 124° (Weselsky and Benedikt, Monatsh., 1880, 1, 895, 
give m. p. 117°) (Found: Br, 50-0. Calc.: Br, 51-1%). 
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215. Llectrometric Titration Curves of Dibasic Acids. Part V. Dis- 
sociation Constants of cycloPentanedicarboxylic Acids. An Attempted 
Check on Methods proposed for Calculation of Molecular Dimensions. 


By CHRISTOPHER K. INGOLD and H. G. G. MOHRHENN. 


THIS series is concerned with the measurement of the distance between the carboxyl groups 
of dibasic acids through the use of their electrometrically determined ionisation constants. 
The underlying principle, which has reference to the electrical effects at the seat of a reaction 
of an ionic substituent situated elsewhere in the molecule, may be traced to Ostwald (Z. 
physikal. Chem., 1892, 9, 553), although it was first given definite mathematical form 
by Bjerrum (ibid., 1923, 106, 219). It has been shown (Gane and Ingold, Parts I, II, and 
III; J., 1928, 1594, 2267; 1929, 1691), however, that in this form the theory fails quantit- 
atively, because it neglects (1) the propagation of electrical influences through the bonds 
of the reacting molecule itself, and (2) the local variations in the dielectric properties of the 
surrounding medium. Disturbance (1) is serious only for very short molecules such as 
oxalic and malonic acids; disturbance (2), however, is general, and in Part IV (idem, J., 
1931, 2153) an attempt was made to correct for it. For this purpose, it was necessary to 
allow for interaction between (a) ions and ions, and (d) ions and solvent molecules. Cor- 
rection (a) was applied by means of an empirical extrapolation to zero ionic strength, but 
correction (6) could not be dealt with thus empirically. Resort was therefore had to a 
theoretical calculation in which Bjerrum’s equation was extended to take account of local 
electrical effects within the solvent. 

It seemed desirable to attempt an experimental check on this purely theoretical correc- 
tion, which mathematically is very far from rigorous. We therefore undertook measure- 
ments on acids the dimensions of which could be considered to be known approximately 
in order to examine the application both of Bjerrum’s original formula and of the extended 
equation for the distance between the acidic groups. 

The appropriate acids are few. Oxalic and all the malonic acids are too short ; and the 
succinic and higher acids are unsuitable in any saturated open-chain form because the 
dimension we measure is affected by the possibility of rotation around the single bonds. 
Unsaturated chains, and unsaturated or aromatic rings, are excluded because internal 
electrical propagation could not then be neglected. Saturated rings of more than five 
atoms are inappropriate, because their shape is not fixed; and so also are those with less 
than five atoms, because their extracyclic valencies suffer an undetermined deflection due 
to ring strain. Thus we are left with the cyclopentane-1 : 2- and -1 : 3-dicarboxylic acids 
as the only acids which are sufficiently extended, non-conducting, rigid, and strainless. 
The cis- and trans-forms of these acids cover a range of distances of about 3—7 A.U. 

In the model used to represent these acids we assume rigidity. All C—C distances are 
given the value 1-54 A.U., and each pair of extracyclic valencies is assumed to include the 
angle 109-5°. The distance between the centre of action of the charge of a carboxylate ion 
and the nucleus of the corresponding carbon atom is taken as 1-00 A.U., as in Part IV 
(loc. cit.). Except that the C—C distance is known with some certainty, it is probable that 
all these assumptions involve an appreciable misrepresentation of reality. 

The observational results for the ionisation constants, together with the previous 
literature, will be found in the section headed “ Results.’”” The comparison between the 
distances obtained from the model and those calculated from the experimental data by 
Bjerrum’s formula and by the extended equation is shown in Table I. It will be seen that 
the validity, as a second approximation, of the correction for local electrical effects is con- 
firmed, although deviations remain the causes of which will be considered later in con- 
junction with other data. 

EXPERIMENTAL. 

Materials.—The isomeric cyclopentane-1 : 2-dicarboxylic acids were prepared from trimethyl- 
ene bromide and malonic ester as described by Perkin (Ber., 1885, 18, 3250; J., 1887, 51, 240; 
1894, 65, 572), and both were purified by repeated crystallisation from water. The érans-acid 
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TABLE I. 


Comparison of Inter-carboxylic Distances (A.U.) of the cycloPentanedicarboxylic Acids as 
given by Models and as calculated from the First and Second Electrolytic Dissociation 
Constants determined in Water at 25°. 

cis-1:2-. tvams-1:2-. cis-1:3-. tvans-1: 3-. 
> Bjerrum’s equatio 2-0 2°4 4°8 6°2 

From K, and K, by{ extended enuaiion 3°9 4:2 5°7 68 

33 52 53 6°7 

had m. p. 161-5°, and the cis-acid, m. p. 132—141° depending on the rate of heating (cf. Kuhn 

and Wassermann, Helv. Chim. Acta, 1928, 11, 600). 

The cyclopentane-1 : 3-dicarboxylic acids were prepared by three methods, the first being 
a malonic ester synthesis according to Pospischill (Ber., 1898, 31, 1950; cf. Perkin and Scar- 
borough, J., 1921, 119, 1400). Ethyl »-butane-a«38-tetracarboxylate was cyclised by means 
of methylene iodide, and the crude cyclopentanetetracarboxylic ester was hydrolysed by boiling 
with 15% ethyl-alcoholic potassium hydroxide. After the hydrolysis, most of the alcohol was 
removed by evaporation, and the slightly acidified residue was then evaporated almost to dryness, 
and heated at 160° (oil-bath) until carbon dioxide ceased to be evolved. An acetic anhydride 
extract of the residual material was boiled for several hours and then distilled completely, the 
required product being collected at 125—130°/0-05 mm. This appeared to be crude cis-acid, 
instead of the expected anhydride (cf. Kuhn and Wassermann, Joc. cit.). Purified by repeated 
crystallisation from water, the acid had m. p. 121-5°. 

The starting point of the second method is santene, which is oxidised first to 1 : 3-diacetyl- 
cyclopentane and thence to a mixture of the cis- and trans-1 : 3-acids (Semmler and Bartlett, 
Ber., 1907, 40, 4594; 1908, 41, 125, 385, 866). The yields were unsatisfactory, the weight of 
crude mixed acids being only 5% of that of the santene. The modified method of Fuson, 
Lewis, and Du Puis (J. Amer. Chem. Soc., 1932, 54, 1114) did not constitute an improvement. 

The third method is based on the union of cyclopentadiene and benzoquinone. The addition 
product is reduced, first with respect to the ethylenic bond in the dihydroquinone ring by 
means of zinc and acetic acid, and then in the cyclopentene ring by catalytic methods. The 
resulting 1 : 4-endomethylene-5 : 8-diketodecahydronaphthalene on oxidation with nitric acid 
yields a mixture of stereoisomeric 1 : 3-cyclopentane acids (Albrecht, Annalen, 1906, 348, 31; 
Diels and Alder, ibid., 1928, 460, 107; Alder and Stein, ibid., 1933, 501, 281). Excellent 
yields were obtained in the first three stages, the third of which was accomplished with the aid 
of a platinum catalyst supported on “‘ norit,”” instead of the colloidal palladium employed 
by Diels and Alder; the singly unsaturated diketone (30 g.) was thus hydrogenated under 2 
atm. in 30 mins. The final oxidation was less satisfactory, 90 g. of the saturated ketone yielding 
16 g. of the crude cis-acid. 

The conversion of the cis-acid into a mixture of both stereoisomerides was accomplished 
by Pospischill’s method (loc. cit.), that of Hiickel and Goth (Ber., 1925, 58, 447) having given 
unsatisfactory results. The product from the treatment with hydrochloric acid, when decolor- 
ised by means of charcoal and crystallised once from carbon tetrachloride, had m. p. 90—95°. 
This product was stirred at 60—65° with about 250 parts of carbon tetrachloride. The filtrate, 
kept below 0°, deposited crystals richer in the tvans-acid. This process was repeated about 
12 times, always with the fraction which had been enriched in the trans-compound. The m. p. 
of this fraction fell from 90—95° to 77°, then rose to 83—85°, and finally remained constant. 
This was the trans-acid, the m. p. of which, after prolonged desiccation over phosphoric oxide, 
was 88—89°, although crystallisation from carbon tetrachloride again reduced it to 83—85°. 
The various fractions which remained undissolved in the warm carbon tetrachloride during 
this fractionation were either re-extracted with the same solvent, if they contained considerable 
quantities of the tvans-acid, or were heated with hydrochloric acid preparatory to further 
fractionation, if they contained only a small proportion of trans-form. 

Measurements.—The electrical equipment, which was of the usual type, included a Pye 
standard cadmium cell and a potentiometer by the Cambridge Instrument Company. The whole 
set-up, except the potentiometer, was well insulated with paraffin wax. The saturated calomel 
half-cell, 14 cm. long, was prepared as usual with distilled, purified mercury, which was covered 
to a depth of 1 cm. with calomel paste. The junction through saturated potassium chloride- 
calomel solution to the titration vessel was made by an agar bridge, prepared and preserved in 
the customary manner. Before each experiment the hydrogen electrode, of “‘ bell ’’ type, was 
replatinised in a solution (50 c.c.) of platinic chloride (1 g.) and lead acetate (0-01 g.) with 10 
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reversals of current from a 4-volt acchmulator at intervals of 0-5 min. The electrode was then 
used as cathode in electrolysis of dilute sulphuric acid for 5 mins., and was well washed and dried. 
Hydrogen from a cylinder having been found difficult to purify completely, the gas was generated 
by electrolysis of a cooled barium hydroxide solution with a current of 6 amps.; it was passed 
successively through cotton-wool and soda-lime, then over a red-hot nichrome spiral, and finally 
through distilled water. Carbonate-free sodium hydroxide was prepared by centrifuging a 
solution of sodium hydroxide in an equal weight of water, and diluting the clear liquid with car- 
bon dioxide-free water, freedom from carbonate being confirmed by titration with sulphuric 
acid with the differential use of phenolphthalein and bromophenol-blue as indicators. The 
hydroxide solutions were preserved in wax bottles with rubber stoppers, fitted with the usual 
syphons and soda-lime tubes. Solutions for titration were prepared with carbon dioxide-free 
water. The accumulators for the potentiometer, and the hydrogen supplied to the hydrogen 
electrode, were always turned on about 2 hours before any measurements of potential were to be 
made; and 10—15 mins. were usually necessary for the attainment of potentiometric equilibrium 
to within the accuracy, 10 volt, of the readings. All measurements were made at 25-00° + 
0-05°. As heretofore, the cell system was standardised against Walpole’s data for acetate buffers. 
The standardisation was made both before the commencement of the measurements and 14 
months later, after their completion, with identical results. The pg was given by the equation 
pu = (E + 8E — 0-2509) x 17-32, where E is the observed E.M.F., and 8£ the correction 
to normal pressure of hydrogen. The method of calculating the dissociation constants was 
exactly the same as that employed in the previous parts, where it was attributed to Auerbach 
and Smolczyk, although the unnecessary approximations introduced by those authors were 
always avoided. No mention has previously been made of this small improvement on their 
mathematical methods, and it is referred to now only because their approximations have been 
criticised. The procedure outlined in Part IV was used for the correction to zero ionic strength. 

Results.—Table II exhibits the detailed record of a single experiment, Table III the complete 
series of results for a single acid, and Table IV a summary of the results for all the acids. The 
dissociation constants shown in Table II are calculated from neighbouring readings, a method 
of computation well suited to showing up the observational irregularities. The previous deter- 
minations, given in Table IV, include a complete set obtained by Wassermann with rather dif- 
ferent potentiometric technique. Where possible, the value of log (K,/4K,) is tabulated, since 
this is the important quantity for the calculation of the distance. The following additional 
abbreviations are employed : ¢ = concentration of solution (150 c.c.) of acid; s = concentration 
of alkali; ¢ = titre; ¢/’ = equivalent titre; K, and K, = first and second dissociation con- 
stants. Volumes are in c.c., and potentials in volts. 


TABLE II. 


Electrometric Titration of trans-cycloPentane-1 : 2-dicarboxylic Acid. 
c = 0°002493; s = 0°04540; ¢” = 16°48; 5E = 0°0004. 

E. 10K, t. E.  10*K,. t. E. 108K, #. E.  108K,. 
0-4402 32 o-4912 1°38 18 O'5248 1.95 05939} "4 
0°4496 : , 0°5005 1°38 A 0°5391 1:47 , 0°6036 1°36 
0°4567 : ‘ 0°5129 1°25 ; 0°5527 1:43 0°6150 1:29 
0°4645 B : 0°5248 1:24 F 0°5637 1°48 ; 0°6326 1:29 
0°4728 ‘ P 0°5391 . 0°5729) 1.44 0°6616 
0°4815 ; Mean 1°31 : 0°5832 1°41 Mean 1°40 


TABLE III. 


Uncorrected Electrometric Dissociation Constants of cis-cycloPentane-1 : 2-dicarboxylic Acid. 
2-490 1674 1:250 1246 1258 
3°88 4°18 3°91 3°85 3°72 
3°06 3°27 3°04 3°02 2°83 
1501 1-505 1507 1-503 1516 


Correction.—The opportunity is taken to correct a numerical error, originally in Part II 
but reproduced in Part IV, to which Dr. F. G. Soper kindly called our attention. The calculated 
K, values of the three monoalkylglutaric acids are wrong by a power of ten, the tabulated figures 
being values of 10°K, and not 10’K, as stated. The dependent distances (ry values) should 
be: Me, 8-57; Et, 7-54; n-Pr, 7-12 A.U. These molecules are thus essentially extended zig- 
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TABLE IV. 


Summary of Dissociation Constants of cycloPentanedicarboxylic Acids in Water. 


Isomeride. 105K. 10°K,. log K,/4K,. Temp. Authors. Method. Ref. 
cis-1 : 2- . Walker (i) 
5 Wassermann (vi) 
This paper 
Walker (i, ii) 
Smith (iii) 
Smith (iii) 
Wassermann (v) 
This paper 
Pospischill (iv) 
Wassermann (vi) 
(iv) 
(v) 


” 


This paper 
Pospischill 
* i . Wassermann 
me , 3°8 : This paper 
Key.—C, conductivity; P, potentiometric; S, sugar inversion. (i), J., 1892, 61, 706; (ii), J., 1894, 
65, 572; (iii), Z. physikal. Chem., 1898, 25, 205; (iv), Ber., 1898, 31, 1950; (v), Helv. Chim. Acta, 
1930, 18, 207; (vi) ibid., p. 223. 
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zags, and the coiling of the glutaric acid chain with $-substitution becomes marked only in the 
presence of two §-substituents. 
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216. The Solubility of Non-electrolytes. Part II. The Influence of 
the Polar Group on the Free Energy of Hydration of Aliphatic 
Compounds. 

By J. A. V. BuTLer and C. N. RAMCHANDANI. 


In Part I (this vol., p. 280) measurements were given of the free energies of hydration 
(evaluated as RT . log p/N, where p = partial pressure of the solute over a very dilute 
aqueous solution of molar fraction N) of a number of aliphatic alcohols. In order to 
examine the influence of the nature of the polar group on this quantity the measurements 
have now been extended to a number of other aliphatic compounds including amines, 
acids, nitriles, and esters. 


Materials.—Methy1 and ethyl acetates were purified by Young’s method (Proc. Roy. Soc., 
Dublin, 1910, 12, 344), dried with phosphoric oxide, and fractionated. Ethylene glycol was 
purified by Gattermann’s method (‘‘ Laboratory Methods of Organic Chemistry,” p. 102) and 
fractionated. A.R. Glycerol (B.D.H.) containing 99-97% glycerol was used, D? = 1-2552, 
n?%” = 1-4703. m-Propionitrile was purified by Thorpe’s method (J., 1880, 37, 205) and fraction- 
ated. Ethylamine was used in the form of an aqueous solution, prepared by absorbing in water 
the gas formed by the action of concentrated sodium hydroxide on the hydrochloride. The 
other substances were purified by fractional distillation. The ranges over which the fractions 
used were collected, and their b. p.’s (corrected to 760 mm.) are given in the following table. 


Range. B. p. 
Methy] acetate 56°54—56°64°/745 mm. 57°15° 
Ethyl acetate 77°10—77°14/759 77°15 
Ethylene glycol 197-4—197°6/764 197°3 
n-Propionitrile 96:52—96°62/747 97°2 
n-Butyronitrile 116°36—116-66/743 117°3 
n-Propylamine 49°01—49°31/764 49°25 
n-Butylamine 77°01—77°32/751 77°81 
n-Propionic acid 140°25—140°35/744 141-25 
n-Butyric acid 162°46—162°66/764 162°4 
181:3—181°6/762 181-2 
184-:05—184-06/752 184°4 


Method.—Dilute aqueous solutions (V = 10-*—10-) of these substances were prepared, and 
the partial vapour pressures of the solutes determined, as previously described, by bubbling dry 
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air at 25° through the solutions, condensing the vapour carried over, and determining the 
concentration of the solute in the condensate by comparison with standard solutions in the 
Zeiss interferometer. 

Results.—In the following table, N is the molar fraction of the solute in the dilute aqueous 
solution, x the weight % of solute in the condensate (the mean of at least two reasonably con- 
cordant determinations), p the partial pressure of the solute over the solution at 25° in mm. of 
mercury. The value of RT. log p/N is in cals. The value for acetic acid is that obtained by 
Fredenhagen and Liebster (Z. physikal. Chem., 1932, A, 162, 449), who made a correction for the 
association in the vapour phase. This correction is quite small, and the results for propionic 
and butyric acids have not been similarly corrected. The value for acetone has been obtained 
by extrapolation to zero concentration from the measurements of Beare, McVicar, and Ferguson 
(J. Physical Chem., 1930, 34, 1310). 


Partial vapour pressures in dilute aqueous solution at 25°. 


N xX 108. #. p. p|N. RT . log p/N. 
Ethylamine 0°484 2°10 0°204 421 3580 
n-Propylamine 0-445 3°15 0°236 530 3720 
n-Butylamine 0°588 6°03 0°376 639 3830 
Acetic acid —_— — — 12°6 1500 
n-Propionic acid 5°021 1°59 0:093 18°5 1730 
n-Butyric acid 2-089 0°96 0°047 22°5 1850 
n-Propionitrile 1111 18°42 1°75 1579 4360 
n-Butyronitrile 0°984 25°82 2°15 2189 4560 
Methyl acetate 0-500 24°91 1°92 3832 4890 
Ethyl acetate 0°976 52°86 5°44 5580 5110 
Acetone . —_ _— 1390 4800 
Glycol , 0°39 0:026 2°55 550 
Glycerol ‘ 0°17 9-008 0°71 — 200 

The values of #/N for a number of substances of limited miscibility, which are given below, 

were obtained from the recorded values of the solubility (N,) and the vapour pressure p° at 25°. 

The values for the hydrocarbon gases were obtained from the absorption coefficients (I.C.T., 3, 

260). 
Values of RT . log p/N derived from solubilities and vapour pressures. 

N,. Pp. RT .log p/N. Ny Pp. RT. log p/n. 
Diethyl ether 0°0154 537 6240 Methane 0°0,23 736 9080 
Ethyl propylether 0:0037 178 6390 00,32 736 9000 


Dipropyl ether 0°00044 65 7050 n-Butane 0°0,15 736 9460 
Propy] acetate 0-0039 33 5350 


DISCUSSION. 


The values of the free energies of hydration of the various groups of compounds are 
tabulated below. It is clear that although in a homologous series of compounds this 
quantity increases by approximately constant increments, yet the value depends to a great 
extent on the nature of the polar group. The increment for an additional methylene 
group is of the same order as that previously observed in the alcohols. 


Standard free energies of compounds in aqueous solution referred to the gaseous state. 


Radical (R). RH. R-OH. R'NH,. R-CO,H. RCN. CH;°CO,R. 
9080 3090 _— 1500 —_ 4890 
9000 3190 3580 1730 4360 5110 
— 3380 3720 1850 4560 5350 
9460 3490 3830 — — —_ 


The free energy of hydration can thus be regarded, at least approximately, as an additive 
function of the various groups in the molecule. Additive constants for these groups could 
be derived in various ways, but we shall utilise the formulation given by Butler, Maclennan, 
and Thomson (J., 1933, 674). The work done in bringing a molecule of the solute from the 
vapour into water may be written as 


$= Uywew-—Uy-w- - - © © © « « (i) 


where Lyw_w is the work done in making a cavity in the water large enough to hold the 
solute molecule, and Ly, _w is the work of interaction of the various groups of the solute 
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molecule with the surrounding water molecules. Neglecting forces of greater range than 
those operative between adjacent molecules, we may write this as 


d -= n/2 -Yw-w Lays_w . ~ -* e ° ° ° (2) 


where Yw_w is the work done in separating a single pair of water molecules, and x the total 
number of water molecules at the surface of the cavity, for we may suppose that, in making 
the cavity, 2/2 water—water contacts are broken. +y,_w is the work of interaction of the 
group A of the solute molecule with an adjacent water molecule, and a the number of water 
molecules adjacent to the group. 

To estimate the values of these terms from the information at present available, it is 
necessary to assume a rather simple arrangement of molecules in the solution. We shall 
suppose that water has on the whole the pseudo-crystalline tetrahedral arrangement 
suggested by Bernal and Fowler (J. Chem. Physics, 1933, 1,515). Thus when the molecule 
of ethane is introduced into water, we may suppose that each methyl group is adjacent to 
three water molecules. The number of water molecules at the surface of the cavity is then 


six, and we have 
¢o,n, = 3yw—w — 6yo_w i « *+ * © = oe (3) 


Similarly, when a molecule of ethyl alcohol is introduced into water, we shall suppose that 
there are eight water molecules at the surface of the cavity, of which five are in contact 
with the ethyl group and three with the hydroxyl group, so that 


¢0,8,.0n = 4yw-w — 5yo-w— 3yon-w ss tle C4) 
Similarly the following expressions are obtained for n-butyl alcohol and the isomeric 
diethyi ether : . 

$o.n,0n = Syw—-w — 9¥0o-w — 3yon-w ss eC C5) 

$.0,8),0 = Syw-w — l0yo-w—2yon-w- - + - - (6) 

The various interaction constants could be derived from the differences between these 
expressions when yw-w is known. We shall use for this purpose the total energy term 
corresponding to yw w, which can be estimated. This may be justified by the fact that 
there is usually a parallelism between the free energy and total energy changes of reactions 
of similar compounds. Moreover, according to Trouton’s rule, which is widely valid among 
normal liquids, the entropy of vaporisation under certain conditions is a constant. Ex- 
tending this rule to solutions, we may reasonably expect to find that the entropy of solution 
of not too dissimilar compounds in a given solvent will be constant, and therefore the total 
and free energies of solvation will differ by a constant amount. 

According to Bernal and Fowler (loc. cit.), the energy of interaction of a pair of water 
molecules in the tetrahedral structure is about 6000 cals. We shall therefore take as our 
starting point yw—w = 6000. Now, when a hydrocarbon chain is increased by an 
additional carbon atom, the change of the free energy of hydration is about 200 cals. A 
tetrahedral arrangement being assumed, the number of water molecules at the surface of 
the cavity is thereby increased by two, so that the change of free energy may be expressed 
by $30 = Yw-w — 2yo-w, from which it follows that yo_w = 2900 cals. The difference 
of ¢ between a hydrocarbon and the corresponding alcohol is 6000 cals., whence, using (3) 
and (4), we find that you w = 5000 cals. Similarly from (5) and (6) we find that for the 
oxygen atom of an ether yp_ w = 4700 cals. The other values given in the following table 
were similarly derived. 


: Interaction constants of various groups with water. 
yw-w 6000 cals. you-w 5000 cals. Yo-w we 4700 cals. 
yo-w 2900 yuu,-w 4900 yo-w (ketone) 4500 
The experimental value of the free energy of hydration contains terms which depend on 
the units of measurement of »/N, and therefore differs from the value of ¢ as calculated 
from these constants by a constant which has the average value of + 8600 cals. The 
equation RT . log p/N = ¢ + 8600 reproduces the observed figures within about 200 cals. 
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The numerical values of the interaction constants depend on the initial value assumed 
for yw-w, but even if this value is incorrect, they should be in the correct relation to each 
other. It is significant that the constant of the interaction between the hydroxyl group 
and the water molecule approaches the value of that between two water molecules and the 
constants of etheric and ketonic oxygen are only slightly less. 

On this formulation no large differences are to be expected between aliphatic isomerides 
having the same polar group, e.g., a molecule of m-amyl alcohol makes the same number of 
contacts with water on these assumptions as ¢ert.-amyl alcohol. The differences of the 
free energy of hydration of such isomerides have been found (Part I) to be within about 
200 cals., and must be regarded as secondary effects due possibly to small variations of the 
individual interaction energies. 

The free energy difference between an ester and an isomeric acid is approximately the 
same as that between an ether and an isomeric alcohol, 7.e.,in both cases the esterification of 
the hydroxyl group gives rise to the same change of the hydration energy. But the 
interaction energy of the carboxyl group is not that obtained by summing the interaction 
terms for the hydroxyl and the ketonic group as given above. If the interaction of the 
hydroxyl group and the water is supposed to have the same value as in an alcohol, the total 
interaction between the ketonic oxygen and water is 10,600 cals. If the oxygen is supposed 
to be in contact with three water molecules, the value for each interaction is 3500 cals., 
which is considerably smaller than the value derived from a ketone. Thus, although the 
evidence adduced gives strong support for an approximately additive nature of the inter- 
actions between simple organic molecules and water, yet this view must not be taken to 
extremes, and it is not claimed that in no circumstances do the different groups of a mole- 
cule influence each other’s behaviour. Some evidence on this point is also afforded by the 
values for glycol and glycerol. The difference between ethyl alcohol and glycol is 2600 
cals. while that between propyl alcohol and glycerol is 3600 cals.; so that the effects of 
additional hydroxyl groups are not additive. On the same assumptions as above, the 
average value of each interaction between the hydroxyl groups of glycol and an adjacent 
molecule is 4400 cals., while for glycerol the value is about 4000 cals. 


SUMMARY. 
1. The free energy of hydration of some aliphatic amines, acids, nitriles, and esters 
has been determined, and it is shown that, in simple compounds, this quantity is an 


approximately additive function of the groups present. 
2. The nature of the interaction between the solutes and water is discussed, and values 


are derived of the additive interaction constants of various groups with water. 


We thank the Earl of Moray Endowment for a grant for materials. 
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217. Rearrangement of Methoxy-pyrimidines and -purines. 
By ERNsT BERGMANN and HEINZ HEIMHOLD. 


For the synthesis of pyrimidine glucosides, there is an unambiguous method based on the 
observation (Hilbert and Johnson, J. Amer. Chem. Soc., 1930, 52,4491) that the quaternary 
ammonium iodides of 2 : 6-dimethoxypyrimidine lose methyl iodide when heated and are 
converted into 6-methoxy-3-alkyl-2-pyrimidones : 
MeO-C—N MeO-C—N Vs MeO-C—N 
—Me 
HC (€-OMe —> HC ey scence HC ¢O 
HC—N HC-N<y HC—NR 


If R is methyl, the reaction consists formally in an intramolecular rearrangement; this 
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in fact occurs with both methoxyls when 2: 6-dimethoxypyrimidine is heated, 1 : 3- 
dimethyluracil being formed. 

In the course of synthetic experiments on the nucleic acids, we investigated the applic- 
ability of the above reaction, especially in the purine series. 

(1) 4-Chloro-2 : 6-dimethoxypyrimidine (I) is stable when heated, but the interaction 
with methyl iodide causes rearrangement into 4-chloro-1 : 3-dimethyluracil (II). 

(2) 2 : 6-Dimethoxy-7-methylpurine (III), which is readily accessible from 2 : 6-dichloro- 
7-methylpurine, is converted, when heated alone or by interaction with methyl iodide, 
into caffeine (IV), the latter method giving the better yield. The rearrangement by heat 
is accompanied by side reactions, which produce the characteristic odour of methylamine. 
The new synthesis of caffeine may easily compete with the known methods starting with 
uric acid (Boehringer and Soehne, Chem. Zentr., 1904, I, 1430) or theophylline and theo- 
bromine (Kassel, Ber., 1888, 21, 2164; Z. physiol. Chem., 1889, 13, 298; E. Fischer, 
Ber., 1897, 30, 1839). 

(3) 2-Chloro-6-methoxy-7-methylpurine (V) possesses marked thermal stability [compare 
(I), which also contains chlorine], but when it is heated with methyl iodide, the meth- 
iodide of 2-chloro-1 : 7-dimethylhypoxanthine (VI) is formed. 


N= N=¢: OMe MeN—CO N=C-OMe 
MeO} CH O¢ CH MeO-C C—NMe 


N—CCl MeN—CCl N—C—n2>CH 
(I.) (II.) (IIT.) 
MeN—CO N=C-OMe MeN—CO 
O¢ C—NMe CIC C—NMe CIC C—NMe 
MeN—C—N?CH N—C—nACH N—C—nACH 
(IV.) (V.) (VI.) 


In the rearrangement (III) —-> (IV), too, the caffeine was partly isolated in the form 
of its methiodide (Schmidt, Annalen, 1883, 217, 226). Both methiodides (of IV and VI) 
have the characteristic property of fixing one molecule of iodine. The violet derivative 
of caffeine has been described by Gulland and Macrae (J., 1933, 663). We are unable to 
explain how these periodides can be formed in the above reactions (we always used iodine- 
free methyl iodide). The methoperiodide of (VI) has also been obtained in experiments 
carried out in an atmosphere of nitrogen. 

(4) In addition to the allyl derivatives, only the methylpurine compounds seem to 
be capable of rearrangement by heat : 2 : 6-dipropoxy-7-methylpurine, however, is stable 
at 150°. In the thiocyanate series also, only the allyl and the methyl derivatives undergo 
intramolecular rearrangement. 

That the compound (V) is formed from 2: 6-dichloro-7-methylpurine and sodium 
methoxide (1 mol.) by replacement of the chlorine atom in position 6 follows from the 
fact that, by the action of cold alkali hydroxide solution also, this chlorine atom is replaced 
by hydroxyl, the product being converted by ammonia into 7-methylguanine (E. Fischer, 
Ber., 1897, 30, 2400; 1898, 31, 104, 431) : 

N=CCl NH—CO NH—CO 
] —NMe —NM NH, C—NMe 
Si ee 


EXPERIMENTAL. 


Rearrangement of 4-Chloro-2 : 6-dimethoxypyrimidine (I).—The compound (Fisher and 
Johnson, J. Amer. Chem. Soc., 1932, 54, 730) (2-2 g.) and methyl iodide (4 g.) were heated for 
8 hours at 90° in a sealed tube. The mass crystallised on cooling, and recrystallisation from 
benzene-light petroleum (1:1) gave prismatic crystals, m. p. 113°. They are very volatile 
in a vacuum, sublimation taking place even at 80°. The analysis and the lack of methoxy- 
groups showed that the substance was 4-chloro-1 : 3-dimethyluracil (II) (Found: C, 41-3; H, 4-1. 
C,H,O0,N,Cl requires C, 41-4; H, 4:0%). 
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2 : 6-Dimethoxy-7-methylpurine (III).—2 : 6-Dichloro-7-methylpurine (E. Fischer, Joc. cit.) 
(4-4 g.) was heated at 100° in a sealed tube for 2 hours with a solution of sodium (1 g.) in methyl 
alcohol (20 c.c.). After cooling, the solid was collected, washed with water, and recrystallised 
from xylene, yielding colourless prisms (2-4 g.), m. p. 199° (Found: C, 50-3; H, 4-9; OMe, 
34-7. C,H, ,O,N, requires C, 49-5; H, 5-0; OMe, 32-0%). 

Rearrangement. (a) The compound (III) (1 g.) was heated at 210° for 15 minutes. After 
reaching the m. p., the mass suddenly boiled and turned into a cake of needles, the odour of 
methylamine being very noticeable. Repeated crystallisation from propyl alcohol gave caffeine 
(IV) (0-54 g.) in long silky needles, m. p. and mixed m. p. 234—236° (Found: N, 28-3. Calc. 
for CsH,,0O,N,: N, 28-9%). 

(b) 2 : 6-Dimethoxy-7-methylpurine (0-44 g.) was heated at 100° in a sealed tube with methyl 
iodide (3-5 g.) for 24 hours. The methyl iodide was evaporated, and the solid residue, con- 
sisting of caffeine and its methiodide, sublimed in a vacuum, initially at 180° and finally at 270°. 
The sublimate (0-2 g.) was identified as caffeine by mixed m. p. The colourless reaction product 
was often contaminated with violet needles, m. p. 159—160°, of caffeine methoperiodide (see 
Gulland and Macrae, Joc. cit.) : this was synthesised by heating caffeine methiodide (Schmidt, 
Annalen, 1913, 217, 226) (0-37 g.) and iodine (0-27 g.) in alcohol (50 c.c.) for 1 hour on the water- 
bath; the violet-black shiny needles, m. p. 159—160° (sealed tube), formed could not be purified 
by recrystallisation (Found; I, 64-5. Calc. for CjH,,0,N,I,: I, 64-6%). 

2-Chlovo-6-methoxy-7-methylpurine (V).—2 : 6-Dichloro-7-methylpurine (3-5 g.) was boiled 
with a solution of sodium (0-49 g.) in methyl alcohol (100 c.c.) for 2 hours, and the liquid filtered 
while boiling; on cooling, silky needles separated. Recrystallisation from propyl alcohol gave 
1-22 g., m. p. 219° (decomp.) (Found: C, 42-5; H, 3-6; N, 28-0; OMe, 15-6. C,H,ON,Cl 
requires C, 42-4; H, 3-5; N, 28-3; OMe 15-6%). 

2-Chloro-1 : 7-dimethylhypoxanthine Methiodide——The substance (V) (0-75 g.) was heated 
with methyl iodide (4 g.) in a sealed tube at 100° for 5 hours. The excess of methyl iodide 
was evaporated, and the residue triturated with acetone, collected (0-75 g.), and recrystallised 
from propylalcohol. Besides dark-violet thin prisms of a periodide, m. p. 158—160°, which were 
much the more soluble, colourless thick prisms were obtained. The latter were easily isolated 
by fractional crystallisation, and had m. p. 228° (decomp.) after repeated crystallisation from 
the same solvent (Found: C, 28-4; H, 3-0; N, 16-0; Cl + I, 47-1. C,H,,ON,CII requires C, 
28-2; H, 2-9; N, 16-5; Cl + I, 47-6%). 

THE DANIEL SIEFF RESEARCH INSTITUTE, 

REHOVOTH, PALESTINE. [Received, March 6th, 1935.) 





218. The Dipole Moments of 1: 4-Dinitro-, 1:3: 5-Trinitro-, and 
Certain 2:4: 6-Trisubstituted-1 : 3 : 5-trinitro-benzenes. 
By CATHERINE G. LE FEvRE and Raymonp J. W. LE FévRre. 


IN connexion with the equivalence of the two oxygen atoms of a nitro-group, several writers 
have recently referred to the dipole moments of the substances included in the title as being 
indistinguishable from zero. Such statements are, however, scarcely justified by the 
literature, for no less than 12 out of the 14 recorded determinations lie between 0-55 and 
1-1 units * (see Table I), the solvent being benzene for all cases except ref. 8, where 
naphthalene was used. 

Now whilst the variations of the above results can only be ascribed to experimental 
errors, their magnitudes can be explained in at least four ways: (1) that the technique 
adopted made inadequate allowance for the atomic polarisations during the evaluation of 
the final moments, (2) that the use of benzene as solvent may have caused the solutes to 
exhibit abnormally large atomic polarisations, (3) that unsuspected molecular-compound 
formation between the solutes and the solvent occurred (cf. Bennett, Ann. Reports, 1929, 
26, 130)—any of which would operate to give misleadingly large apparent total polaris- 
ations—or (4) that the substances do, in fact, possess appreciable permanent moments. 

(1) It is impossible to say accurately a priori what the atomic polarisations of such 
molecules would be; the measurements of Sugden and Groves (J., 1934, 1091; cf. also 


* Debye units are referred to throughout. 
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TABLE I. 
1 : 4-Dinitrobenzene. 1:3: 5-Tvinitrobenzene. 
p 20° 25° — 20° 20° 20° — 20° 85° 25° 
BORE POEM, coscesess 45°6 37:0 _- 64°5 54 54 — 53°7 50°5 51°5 
0°58 0°32 0°8 1:08 08 0:8 0°72 0°70 0°78 0°68 
4 1,3 6 3 5 2 6 4 7 8 


Trinitromesitylene. Trihalogenotrinitrobenzenes. 


A, sceceseccvieses 20° 20° 20° 20° 
i 70°5 45+1 68°5 176 

0°79 0 0°64 0°66 

+ 9 + + 

References.—(1) Williams, Physikal. Z., 1928, 29, 204. (2) Idem, J. Amer. Chem. Soc., 1928, 50, 

2350. (3) Williams and Schwingel, ibid., p. 362. (4) Tiganik, Z. physikal. Chem., 1931, B, 18, 425. 
(5) Parts, ibid., 1929, B, 4, 227. (6) Héjendahl, ‘“ Studies in Dipole Moment,’’ Copenhagen, 1928; 
Physikal. Z., 1929, 30, 391; Nature, 1926, 17, 892. (7) Briegleb, Naturwiss., 1934, 22, 105. (8) Brieg- 
leb and Kambeitz, Z. physikal. Chem., 1934, B, 27, 11. (9) Liitgert, ibid., 1932, B, 14, 27. 


McAlpine and Smyth, J. Chem. Physics, 1935, 3, 55) show that nitrobenzene in the vapour 
state has an atomic polarisation of about 4 c.c.; benzene has only a small value, ca. 2 c.c. 
(Sugden, Trans. Faraday Soc., 1934, 30, 738). It is therefore evident that to the nitro- 
group itself an atomic polarisation of ca. 2 c.c. must be ascribed; but even though such 
polarisations are roughly additive (Sugden, Joc. cit.), the general magnitude of the above 
polarisation values could only be thus partly accounted for. (2) Briegleb (Z. physikal. 
Chem., 1932, B, 16, 276) emphasised that for certain solutes the infra-red polarisation is 
much higher in benzene than in carbon tetrachloride or heptane, and suggested the possi- 
bility that this is a general effect, and that all moment values calculated from benzene 
solution are too high on account of the assumption of a uniformly constant electron plus 
atomic polarisation in all solvents. (3) It is noteworthy that Kremann (Monatsh., 1908, 
29, 863) has shown cryoscopically that a compound C,H,(NO,)3,C,H, has a definite existence 
in the solid state. (4) Permanent moments in this group of compounds would arise if the 
configuration of the nitro-radical were non-planar. This is referred to later. 

Present Work.—With these points in mind, therefore, we have (a) repeated the measure- 
ments for trinitromesitylene and the two polynitrobenzenes in benzene solution, (b) sought 
to avoid as far as possible the difficulties outlined under (1) above, and to minimise experi- 
mental errors, by making our observations on each solution at the two temperatures 25° 
and 45°, and (c) investigated the possible operation of factors (2) and (3) by using solvents 
other than benzene. 

In connexion with the results under (8), it becomes of interest to examine arithmetically 
how far such data can be trusted to amend the relevant parts of Table I. The relation 
between polarisation and temperature is accepted as Pp = A + B/T, in which A is the 
distortion polarisation (i.e., the sum of the electronic and the atomic polarisation) and B is 
4xNy?/9k; both are assumed to be constant and invariant with temperature (cf. Debye, 
“ Handbuch der Radiologie,” Vol. VI) within the limits indicated by Meyer (Z. physikal. 
Chem., 1930, 8, B, 27) and Goss (J., 1933, 9341). In our present enquiry therefore, we have 
Pos — Pay = B/298 — B/318, and » = 0-01273Bt. In the following table are set out 
the differences of polarisation at 25° and 45° which must be measured when compounds 
having moments ranging from 0 to 1 unit are under investigation : 

Moment 0-1 0-25 0°5 0°75 1-0 

B 61°7 385°7 1542-7 3471°1 6170°8 

0°01 0-08 0°33 0°73 1°30 

From repeated measurements of the resonance points and densities for a specimen of 
benzene in the apparatus used in all our observations, we conclude that our polarisation 
figures are accurate to within +0-15 c.c., so that, when the same solution is being compared at 
two temperatures 20° apart, polarisation differences resulting from the solute molecules 
having moments of the order 0-5 unit should be detectable with certainty.* 

* The discordance between the P, values obtained from a series of solutions at one temperature is 
probably largely attributable to incorrect relative f, data (errors arising from the evaporation of the 
volatile solvent, weighings, etc.). 
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EXPERIMENTAL. 


Materials.—1 : 4-Dinitrobenzene. From p-nitroaniline, via the nitroso-derivative (Bamberger 
and Hiibner, Ber., 1903, 36, 3809) ; recrystallised from benzene; m. p. 171—172°. 

1:3: 5-Trinitrobenzene. From 2: 4: 6-trinitrotoluene by oxidation and decarboxylation 
(Cenir., 1902, i, 149; Friedlander, Vol. 4, 34); recrystallised from benzene; m. p. 121-5— 
122-5°. 

Trinitromesitylene. By direct nitration of the hydrocarbon and recrystallisation from 
alcohol; m. p. 232—233°. 

The benzene and carbon tetrachloride used were purified as detailed by Le Févre and Smith 
(J., 1932, 2239). Dioxan was refluxed over sodium wire for a day, distilled (b. p. 101— 
102°/760 mm.), fractionally frozen (m. p. 10—11°), and preserved over sodium. Chloroform was 
dried over phosphoric oxide, and distilled through a long column immediately prior to weighing. 

Measurements.—The dielectric constants and densities of dilute solutions in benzene at 25° 
and 45°, and in the other solvents at 25°, were determined by methods set out before (this vol., 
p. 480). The polarisations of the solutes were calculated in the usual manner. The significant 
data are collected in the following tables, in which the symbols M, P, and R, refer respectively to 
the molecular weights, polarisations, and refractivities of the components, and f to their mol.- 
fraction in the solutions, the subscripts 1 and 2 applying to solute and solvent respectively ; 
e, d, and 2, in order, denote the dielectric constant, density, and refractive index of the solutions. 


1 : 4-Dinitrobenzene. 


(a) In benzene solution, at 25°. 


0 2213°4 4520°9 
78°1992 78°4069 
2°2725 2°2743 2°2761 
0°87370 0°87542 0°87719 
26°5894 26-6313 26°6746 
26°5894 26-5305 26°4692 
ahs 0°1008 0°2054 
— 45°45 45°44 


(b) In benzene solution, at 45°. 


0 2213°4 4520°9 
78 78-1992 78°4069 
2°2330 2°2349 2°2367 
0°85208 0°85380 0°85556 
26°6643 26°7076 26°7510 
26-6643 26-6053 26-5438 
— 0°1023 0°2072 
— 45°77 45°80 


(c) In dioxan solution, at 25°.* 


0 4003-2 4079°4 
88 88°3202 88°3264 
2°3060 2°3093 2°3094 
1-02798 103034 1:03037 
25°9637 26-0443 26°0467 
25°9637 25°8598 25°8578 
— 0°1845 0°1889 
_— 46-09 46°31 


a) In chloroform solution, at 25°.¢ 


5920-0 7872-0 9096-6 11422°9 
119°7871 119°8819 119-9412 119°9551 
4°6916 46777 4°6712 4°6576 
146811 146806 1°46805 1°46803 
45°0128 44°9737 44-9605 44°8912 
44-8130 44°7251 44-6698 44-5650 
0°1998 0°2486 0°2907 0°3262 
33°75 31°58 31°96 28°56 


* Values of « from Smyth and Walls (J. Amer. Chem. Soc., 1931, 58, 2115). 
t Values of « from Ball (J., 1930, 595). 
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960 Le Feévre and Le Févre: 
1: 3: 5-Trinitrobenzene. 
(a) In benzene solution, at 25°. 

Mn sidan kakdhesidmeniesidedesind 0 6100°5 7520°0 

Mihi + MIE cortstimcctarioaasdesh 78 78-8235 79°0152 

yesdepsendunucencenectcastenceeceses 2°2725 2°2790 2°2805 
d pusecsesebbiactbetcedincevessoussian 0°87370 0°88049 0°88201 
py A ae buiiianrbentimnecnen 26°5894 26°7583 26-7993 

Sigabeenndandvseensideinhethieors 26-5894 26°4272 26°3894 
pp SR GdeneeEnenLeNabiseneeesennace — 0°3311 0°4099 
IL siisteteasneebnninsaaitindlicbebia oe 54:27 54°51 

(b) In benzene solution, at 45°. 
OP <naatihast ad nsokainininmeieeal 0 6100°5 7520°0 
My, PSF RCE AD 78 78°8235 79°0152 
inébhidaknbbvestuaietennaisieeies 2°2330 2°2396 2°2411 
a puLbhewke en ssnsessdcsniseseceseceees 0°85208 0°85869 0-86009 
ne 26-6643 26°8396 26°8841 
ATR ARTI 26-6643 26°5016 26-4638 
| RESALE ATR ibe — 0-3380 0-4203 
i pele ecthamasath casted tee) oe 55°41 55°89 
(c) In dioxan solution, at 25°. 
aia I ebbeneiepeiintinidisianiicheialiacd 0 6762°7 7307°4 
ES 2 REN 88 88°8453 88-9135 
G. secbendsannnccussvescsccancecuiuesss 2°3060 2°3157 2°3158 
OF sntatecekstindanvessisscddoessencies 1:02798 103445 1:03498 
Wt A BUM. sinsinstetescsnsnscekii 25-9637 26°1836 26-1917 
Diisievemeas sindauidishitininnatnaas 25-9637 25-7881 25-7740 
Ii insshcdtabdahchnedtnannsauiengesinies = 0°3955 0°4177 
T  rahiieaadddaiaianictinbletaaeadiias a 58°48 57°16 
(ad) In chloroform solution, at 25°. 
Sanh Reneannedunienibienbeiee 0 2665°0 4463-0 
M, Pig! EM noscnstighdiieiaicas 119°5 119-7492 119-9173 
bdbesaddeEeeCeeeredscdemmbteeeencens 4°7240 47116 4°7018 
a $hauebAbeRedesersersredsnesioesees 1°46814 146910 1°46976 
} ee ¥ eee 45°0799 450771 450668 
Palbitenbsedeeubeuvenesaucenencidunns 45°0799 44-9598 44-8787 
CRATER AIRC RE nn 0°1173 0°1881 
I suviksbishimesindenedabiabbenncs ou 44-02 42°15 
Trinitromesitylene. 
(a) In benzene solution, at 25°. 

0 PP ccwreveees mendenincbeneceon 0 1450-0 2891-0 
PN” 5 caamaeeanstircnies 78 78°2566 78°5117 
@ cvnntetesesnccerebecessstisseisonsns 2°2725 2°2744 2°2756 
OF biietdscantesincadbevcedsscssnisesns 0°87370 0°87529 0°87678 
RS 9 eee 26-5894 26-6563 26°7154 

Rie sensetusesseseaansscocoonsesenues 26°5894 26°5508 26°5125 
| AOE EIN ie — 0°1035 0°2029 
be Seennhadenneoresessbubelsscnnnaes —- 71:38 70°18 

(b) In benzene solution, at 45°. 
cI etbenrccceseesnsasopenseets 0 1450°0 2891-0 
ae Oe i wecnsnsasieelbtcsanii 78 78-2566 78°5117 
© caceccccessccscessseunesscessessowve 2°2330 2°2345 2°2361 
© .cxindunblnbiatetnnisiesdaveutianved 0°85208 0°85353 0°85514 
MMMM sschseptpuosdauisinds 26-6643 26-7295 26-7907 
| RAs ck ARE 26-6643 26-6256 26-5872 
Al idtenididniseedsassininerieimients — 0°1039 0°2035 
Fa, eeennsepebassineecinsainemmamnes - = 71°65 70°39 
(c) In dioxan solution, at 25°. 
( naiiannieeninniiaine ian 0 2639-9 3318°3 
M lle ic MAI ccesanietanceaesnnee 88 88:4409 88-5542 
Aibneneehnonebinssermennaciheresess 2°3060 2°3126 2°3133 
d cangupemenenseneseeesesnesapenetons 1:02798 1-03030 1-03033 
ila > Tile sunecepenractseienis 25°9637 261266 26°1690 
Siiacesneeneteccinieiegsaunnnnesnabes 25°9637 25°8952 25°8776 
EER ARTES ATE ae 0-2314 0-2914 
87°65 87°82 
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12154:0 
79°6408 
2°2852 
0°88711 
26°9251 
26°2662 
0°6589 
54°21 


12154°0 
79°6408 
2°2459 
0°86497 
27-0176 
26-3402 
0°6774 
55°73 


11446°5 
89-4308 
2°3203 
1-03886 
26°3080 
25°6665 
0°6415 
56°04 


5525°4 
120-0167 
4°6955 
1-47013 
45°0584 
44°8308 
0°2276 
41°19 


5815-0 
79°0292 
2°2789 
0°87999 
26°8419 
26-4348 
0°4071 
70°00 


5815-0 
79°0292 
2°2391 
0°85819 
26-9176 
26-5092 
0°4084 
70°23 


4095°6 
88-6839 
2°3148 
1-03088 
26°2142 
25°8573 
0°3569 
87°14 





16642°0 
80°2466 
2°2897 
0°89203 
27°0464 
26-1469 
0°8995 
54°05 


16642°0 
80°2466 
2°2494 
0°86917 
27°1447 
26-2206 
0°9241 
55°53 


13326°0 
89°6657 
2°3207 
104064 
26°3376 
25°6177 
0°7199 
54°02 


10279°0 
120-4610 
4°6713 
1°47190 
45°0378 
44°6165 
0°4213 
40°99 


9111-0 
79°6126 
2°2826 
0°88359 
26°9845 
26°3471 
0°6374 
69°96 


9111-0 
79°6126 
2°2432 
0°86201 
27°0593 
26°4214 
0°6379 
70°01 


5442°7 
88-9090 
2°3180 
103184 
26°3006 
25°8224 
0°4782 
87°86 
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(d) In chloroform solution, at 25°. 





f,- 10° 2991-9 3580°7 6000-0 85713 
Mba + Mfg -ocer-scvcscvsseveces y 119-9054 119-9852 120-3130 120°6614 
E sceabienndibetarsenesseninansiabon ; 4°7035 46993 4°6827 4°6650 
OF ctabenshanmnnpiniintectnacuiananieene ; 1:46763 1-46753 1-46710 1°46666 
Pifi + Pofe . 45°1370 45°1472 45°1925 45°2387 
Fei ranssanacnqeenenpenannetanevers 44°9450 44-9185 44-8094 44-6935 
Pi Rerencnsavsestarsenvepcnnnsnbainaee — 0°1920 02287 0°3831 0°5452 
Fy secttcce dasccssdencbescennseneses — 64°17 63°87 63°85 63°61 
Estimated P, values for {, = 0 for the above solutions. 
Dinitrobenzene. Trinitrobenzene. Trinitromesitylene. 

OOD sci dsinscancnegracadicenaeeees ca. 46 ca. 55 ca. 70°5 

BD vcnvianrnssecseneeipabiarecennens ca. 46 ca. 55°5 ca. 70°5 

OED sicimenncentannianetincietnsenicennn ca. 47 ca. 61°5 ca. 88 

TE vavscensccnncsssneseneenuneninees 38°9 46°6 64:2 

DISCUSSION. 


The results (a) for benzene solutions at 25° require no special comment and compare 
satisfactorily with the earlier measurements cited in Table I. For all three compounds 
in benzene solution the polarisation appears to be higher at 45°; of course, this also happens 
for the (non-polar) benzene, but comparisons of the P, increase per degree for the solutes 
and for the solvent show clearly that the polarisation increase observed with the solutions 
cannot arise from this cause alone; 1.e., the increase of polarisation per degree for the 
benzene used is seen to be 0-003745 c.c., as against average increases for the three solutes 
of 0-0093, 0-0689, and 0-0095 c.c. respectively. We conclude, therefore, that these sub- 
stances (in benzene solution) cannot have moments much greater than 0-5 unit. 

An independent indication that the moment of 1 : 4-dinitrobenzene is actually of a very 
low order is provided by the measurements of Lippmann (Z. Elektrochem., 1911, 17, 15), 
which relate to the Kerr constants of the three isomeric dinitrobenzenes in dilute benzene 
solutions. As pointed out by Briegleb and Wolf (Fortschr. Chem., 1931, 21, 44), this 
constant, running in magnitude in the direction of the moment of the molecule concerned, 
can therefore be used as a guide to this property. It is noteworthy, this being the case, 
that only for the para-compound is a value for B{3/(< +- 2)}* obtained of the same order as 
that for benzene itself; the m- and o-dinitrobenzenes both give numerically much larger 
results. 

The effects of changing the solvent to dioxan appear to show that these substances are 
not absolutely non-polar ; this follows from the fact that, not even in the case of chloroform, 
where no combination can reasonably be envisaged, do the total polarisations fall to the 
zP and ,P sum * (taken as the [Rz]p values, v7z., 38-5 c.c. for the 1 : 4-dinitro- and 44-7 c.c. 
for the 1 : 3 : 5-trinitro-benzene, and 59-2 c.c. for trinitromesitylene).t If the differences 
(0-4, 1-9, and 5-0 c.c., respectively) are regarded as oP values in chloroform (¢,;. = 4-724) 
and are translated into gas values (cf. Le Févre, this vol., p. 773) by the equation 9P,/oP3. 
(ce, + 2)/(e2 + 2) = K (where K is taken as ca. 1-3, and ¢, as unity), the results (0-69, 
3°27, and 8-6 c.c., respectively) would correspond to moments of the orders 0-2, 0-4, and 
0-6, respectively. The present work further strongly suggests that these substances 
associate with benzene and dioxan. 

The virtual absence of changes of polarisation with temperature observed experimentally 
do not militate against such views, because (attachment presumably occurring at the 


* These results therefore disagree with those of Jenkins (Nature, 1934, 134, 217) in that, according 
to him, no differences exist between the total and the electronic polarisations of 1: 4-dinitro- and 
1: 3: 5-trinitro-benzene in the polar solvent chloroform. The total polarisations are not quoted in 
the reference cited, but are given as 34 and 41 c.c. respectively in the Faraday Society’s tables of dipole 
moments (Tvans., 1934, Appendix, p. 1193). Comparison with the [R;,]p values for these substances 
suggests that these figures are too low. 

+ From the following values of atomic, molecular, and group refractions: NO,, 7°30; H, 1°100; 
C,H,, 26°14; mesitylene, 40°61. Direct measurements, owing to limited solubilities, do not give trust- 
worthy results. 
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nitro-groups) from symmetry considerations no increase of moment need necessarily 
parallel the molecular polarisation increase caused by addition. 

Configuration of the Nitro-group.—In seeking for an explanation of the finite moments 
estimated above, it should be emphasised that the possibility of the nitro-group being 
non-planar does not appear to be excluded by physical evidence. This consists principally 
of the demonstration of the crystallographic equivalence of the two oxygen atoms and their 
equidistance from the nitrogen atom (Hertel, Z. phystkal. Chem., 1930, B, 7, 188; Hendricks 
and Hilbert, J. Amer. Chem. Soc., 1931, 58, 4280; cf. also Schaefer, Trans. Faraday Soc., 
1929, 24, 841, and Banerjee, Phil. Mag., 1934, 18, 1004)—observations which valy rule out 
(by the fact that elements have larger radii as anions than as covalently attached atoms) 
the older semipolar bond structure in which one oxygen was represented as carrying a unit 


anionic charge. The early triangular formula R-N<O would satisfy present require- 


ments save for the fact that the O-N—O angle in this group is definitely of the order 120° 
(above references) and, in consequence, the O-O distance is too great for a single bond. 

Raman spectra data seem suggestive. The force constant (9-48 x 10-° dyne) charac- 
terising the links in the (aryl) nitro-group (Dadieu, Jele, and Kohlrausch, Monatsh., 1931, 
58, 428) is greater than that required for a single bond (6-7 x 10-° dyne) and less than that 
for a double bond (14 x 10-° dyne) (cf. Bailey and Cassie, Proc. Roy. Soc., A, 1931, 132, 236). 
We therefore envisage a structure in which three electrons from the nitrogen atom parti- 
cipate, with one electron from the carbon and one from each of the oxygen atoms, in three 
localised bonds (one N-C, and two N-O), and in which one further electron from each of 
the oxygen atoms forms a non-localised bond over the NO, angle. There is thus left an 
electron pair on the nitrogen atom, and the complex becomes analogous to the ions SO,*, 
ClO,"1, AsO,%, etc., in that it should be pyramidal * (cf. Zachariasen, J. Amer. Chem. Soc., 
1931, 58, 2123). Therefore in, e.g., nitrobenzene a large component moment should exist 
at an angle to the Ph-N axis, and #-dinitro- and s.-trinitro-benzenes should become form- 
ally analogous to the quinol ethers and other compounds with dipolar groups capable of 
free rotation, 7.e., they should have finite permanent moments which are the root mean 
squares of the instantaneous resultant moments (varying during the rotation of the 
nitroxyls about the C-N links). Zahn’s observation (Phystkal. Z., 1933, 34, 461), that NO, 
has a finite moment (0-6 + 0-1; cf., however, J. Amer. Chem. Soc., 1934, 56, 1427), also 
becomes on such an hypothesis not incompatible with the conclusions of Hertel and 
Hendricks, etc., or with those of Harris and King (J. Chem. Physics, 1934, 2, 51), who infer, 
from the infra-red absorption spectra, that in N,O, the two nitro-groups are non-coplanar 
(cf. also Sutherland, Proc. Roy. Soc., 1933, A, 141, 342, 535). 

An estimate of the degree of departure from plane triangularity is obtained by assuming 
that the greater part (say 3-2 out of the 3-8 units) of the moment associated with the 
nitro-group arises within the group itself, 7.e., in the N—O and not in the C-N links, and 
solving the equation (Williams, J. Amer. Chem. Soc.,1928,50,2350) » resultant = /2.u.sin0 
for the case of 1:4-dinitrobenzene. We have sin © = 0-2/3-2+/2 = 0-0442, whence 0 is 
ca. 2-5°; such a small departure from planarity would escape detection by X-ray methods. 

Effect of Steric Hindrance.—It follows that, if several such pyramidal nitro-groups in a 
given aromatic molecule are hindered in their rotation by blocking groups which them- 
selves cannot be divided by the plane of the ring as by a plane of symmetry, there is a high 
chance that the resultant molecular moment would be much greater than for otherwise 
analogous circumstances in which free rotation is fully possible. Along these linest the 
definitely greater moment of trinitromesitylene can be understood. In Fig. 1 are shown 
the sections which the constituent atoms of this compound would have to make in the 
plane of the paper during their free rotation; they are drawn from the data of Pauling 


* Compare Pauling, J. Amer. Chem. Soc., 1931, 58, 1382, who considers that the closely related 
nitrate ion may be slightly pyramidal. 

t+ Compare, however, the opinions of Placzek (‘‘ Molekiilstruktur,”’ Leipziger Vortrage, 1931) and 
Weiler (Z. Physik, 1924, 89, 58) upon which alternative but more speculative explanations could be 
directly based. 
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and Huggins (Proc. Nat. Acad. Sci., 1932, 18, 293) and can be regarded (in the matter of 
dimension) as minimum estimates. It can be seen that no interference is predicted. 
Recent resolutions of diphenyl compounds, and other work summarised by Sidgwick 
(Ann. Reports, 1932 and 1933), indicate, however, that the use of considerably greater 
atomic radii in such questions is justifiable. Accordingly, we have superimposed on the 
above section the dotted outline obtained when the ‘ Wirkungs-radius ” (Stuart, Z. 
phystkal. Chem., 1935, B, 27, 353) of each atom concerned is employed. In such a 
structure, completely symmetrical arrangements of the three nitro-groups are unlikely, and, 
if these radicals have the slightly pyramidal configuration referred to above, the molecule 
should exhibit a finite moment different from that to be expected were free rotation 
unhindered. 


Fie, 1. Fic. 2. 





In connexion with the above explanation, we have determined the total polarisation and 
thence the moment of trinitro-5-tert.-butyl-m-xylene (I; see p. 964), in which (as the plan, 
Fig. 2, shows) the situation considered for trinitromesitylene is exaggerated by replace- 
ment of methyl by ¢ert.-butyl. The measurements have been carried out in carbon tetra- 
chloride as well as benzene, in order to detect solvent effects, if any. 


Trinitro-tert.-butylxylene in benzene. 


0 5214°6 6044°89 8497-29 17404°6 
78 79°1419 79°3239 79°8609 81°8116 
Temperature 25°, 
2°2725 2°2829 2°2845 2°2895 2°3074 
0°87380 0°87930 0°88014 0°88279 0°89224 
26°5850 26-9608 27-0202 27°1948 27-8308 
26°5850 26°4464 26°4243 26°3591 26°1223 
_- 0°5144 0°5959 0°8357 1°7085 
— 98-66 98°66 98°35 98°16 
1°49733 - 1-49790 1-49833 1-49914 
2-24200 = 2°24370 2°24499 2°24741 
26°13565 —- 26°41346 26°53169 26°92878 
26°13565 —- 25°97770 25°91357 25°68076 
-— _- 0°43576 0°61812 1-24802 
— — 72-1 72°7 71:7 





Temperature 45°. 


2°2330 2°2435 2°2450 2°2500 2°2677 

0°8521 0°85766 0°85855 0°86115 0°87081 
26°6640 27:0406 27-0974 27°2757 27°9072 
26°6640 26°5249 26-5028 26°4374 26-1999 


_ 0°5156 0°5946 0°8383 1-7073 
, 98°35 98°30 98-09 
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Trinitro-tert.-butylxylene in carbon tetrachloride. 
Temperature 25°. 


SE a coeiensnutadiencacicetie 0 8320°4 10078°5 12749°7 19624°4 
FE 0 Ti Mpesnescteieiiescsecsets 154 155°1898 155-4412 155-8230 156-8064 

i badcbidlnteeidiiininaiceaeh . 22270 2-2442 2-2475 22532 22668 

i iceiiaaiadiacinta id hiebaiidey 15844 1-57910 1:57790 1-57616 1-57162 
SMM ENE enscacatesasesianions 28-2142 28°8102 28-9330 291298 29-6225 

BNE aicchaaivicthichnipsbennaucthasele 282142 279794 27-9298 27°8544 27°6605 

+ EEA OI — 0°8308 1-0032 1-2754 1-9620 

I ekkdaseadiosseiitadaniotiat — 99°85 99°54 100-03 99-98 


Whence p = 0°22(100 — 73)# = 1°14. , 


The results are seen to be not inconsistent with expectations based on the foregoing 
theory, although some of the exaltation of the moment (over that of 5-tert.-butyl-m- 
xylene, for which » = 0-25) is certainly due to induction (cf. Le Févre, Le Févre, and 
Robertson, this vol., p. 480). We hope to decide this allotment by an examination of 
trinitrotri-tert.-butylbenzene. 

Constitution of the tert.-Butyl-m-xylene.—Since this substance, believed to be (I), was 
prepared by trinitration of (II), which might have contained some of its unsymmetrical 
isomeride (III), it was possible that the product was contaminated with (IV), which would 














NO, NO, 
Mef CMe, Me CMe, Me Me Mer \Me 

NO, /NO, CMe, NO, CMe, ] 
Me Me NO ¢ 
(I.) (II.) (III.) (IV.) t 
possess a considerable moment in virtue of its o-dinitro-groups. The recorded preparations . 
of (II) are from m-xylene by either (i) ¢ert.-butyl and aluminium chlorides (Baur, Ber., , 
1891, 24, 2840) or (ii) isobutyl alcohol and concentrated sulphuric acid (Noelting, Ber., 1892, : 
25, 791), both of which may give a product of uncertain orientation (cf. Jacobsen, Ber., / 
1881, 14, 2624; Bialobrzewski, Ber., 1897, 30, 1773; Verley, Bull. Soc. chim., 1898, 19, . 
67). In these circumstances the isolation of (unstated but evidently small yields of) 
3 : 5-dimethylbenzoic, 3-methyl-5-butylbenzoic, and trimesic acids (Baur, loc. cit.; Ber., ¢ 

1898, 31, 1345) does not suffice to establish the homogeneity of the butylxylene. Baur 
(loc. cit.; Ber., 1900, 33, 2564) nitrated this hydrocarbon, but only for the mononitro- I 
derivative did he attempt orientation experiments; here again oxidation was employed, . 
the products being given, without discussion, the formulz shown : : 

Me Me 
O, , HNO, in H,SO,-HNO, NO NO s 
cate ac co!) lie” NOs n 
NO, ; 
KMn0, + c 
3 
; v 
Y CO,H > Me c 
CMe, CO,H NO, 

@::: cae, Me cael ; : 
, CO,H NO, c 
We therefore attempted to assess the purity of (II). This was prepared by Baur’s d 
method [(i), above], and fractionated, etc., as closely as possible. Both the step-wise t 
nitrations and the one-stage trinitration of Baur were repeated on a quantitative basis P 

with the material so prepared, the following yields being obtained:  Trinitration : 96% 
) 


crude, 90% recryst. Mononitration: ca. 10% recryst. Mononitro- to dinitro-derivative : 
90% crude, 85% recryst. Dinitro- to trinitro-derivative : 98% crude, 95% recryst. t 
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We infer that the constitution ascribed by Baur to the trinitro-derivative, m. p. 110°, 
is correct, because a pure specimen can be heated for several hours in piperidine solution 
and then recovered quantitatively by dilution with water. Had it possessed the constitu- 
tion (IV), one of the nitro-groups would undoubtedly have been displaced by piperidine 
(cf. J., 1927, 1113); and, because the crude trinitro-derivative, subjected to the same 
process, also underwent no change (m. p. and mixed m. p.), we regard the direct trinitration 
figure as evidence that the hydrocarbon contains at most 4% of the isomeride (III). Such 
a specimen, after piperidine treatment, was crystallised twice from hot alcohol (forming 
long, well-developed needles, m. p. 110—111°) and used in the dipole-moment determin- 
ations above. 


The authors are grateful to Professor F. G. Donnan for permission to use apparatus belonging 
to the Physical Chemistry Department, and to Mr. J. L. Brine for assistance in the preparative 
work. 


UNIVERSITY COLLEGE, LONDON. (Received, April 15th, 1935.] 





219. The Relation between General Absorption and Residual 
Affinity : Heterocyclic Compounds. 


By Joun Houston, G. CANNING, and H. GRAHAM. 


In earlier work (Gibson, Graham, and Reid, J., 1923, 123, 874) certain open-chain and 
cyclic sulphur-containing compounds were examined spectrographically, mainly in relation 
to the valency and mode of linkage of the sulphur atom. It is now shown that increase 
in residual affinity as measured by chemical 
reactivity is accompanied by increased light 7 
absorption. The following compounds have 
been compared spectrographically: penta- 
methylene sulphide and oxide, 1:4- and 
1:3-dioxan, 1:4-thioxan, and 1: 4-dithian, 
cyclohexane being included for comparison. 

The compounds were prepared by the 
known methods and carefully purified before 
use. Alcoholic solutions were used for the 
spectrographic examination, and an iron arc 
was the source of radiation. 

Inspection of the absorption curves (see fig.) 
shows that they fall into two groups. That 
marked A shows the greater absorption and 


contains the curves of the three sulphur com- : : Bao reg + pr rong 
. . :4-L1inian, . : toxan, 
pounds. Group B includes the curves of the j77' Pentamethylene sulphide. V1. 1:3-Dioxan. 


compounds containing oxygen. This general 
result is in agreement with the work of Purvis, Jones, and Tasker (J., 1910, 97, 2287), 
who found that the thiocarbonates, thio-oxalates, etc., were more absorptive than the 
corresponding oxygen compounds. 

Reference to Group B curves shows that 1: 4- is more absorptive than 1 : 3-dioxan, 
and it is more reactive chemically, readily yielding addition compounds with picric acid, 
mercuric chloride, sulphuric acid, etc., whereas 1 : 3-dioxan, although forming a mercuric 
chloride compound, gives only an unstable picrate. Pentamethylene oxide, like 1 : 3- 
dioxan, is chemically inert, and although its absorption is considerable at high concentra- 
tions, yet it falls off very rapidly with dilution. It would appear that the compound 
possessing the greater residual affinity has the greater absorptive power. 

From the positions of the curves in Group B, it is seen that the absorptive power of the 
oxygen-containing compounds is less than that of cyclohexane. The introduction of one or 
two oxygen atoms into the ring system depresses the absorption. 








Logarithms of relative thicknesses, 
Ge 


in mm. of M/100,000-solutions. 
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Over the greater part of the dilution range the curves in Group A lie unchanged in order 
of decreasing absorption, viz., 1 : 4-dithian, pentamethylene sulphide, 1 : 4-thioxan, i.c., 
the replacement of a sulphur atom or a methylene group in the ring system by an oxygen 
atom brings about a decrease in absorption. This is what might be expected from the 
relative positions of the curves of the oxygen compounds of Group B. From measurements 
of the rate of addition of bromoacetophenone to the sulphur atoms in these three compounds, 
Clarke (J., 1912, 101, 1788) found their reactive powers to be: 1: 4-dithian very high, 
pentamethylene sulphide high, 1: 4-thioxan low. The absorption curves of the com- 
pounds are seen to be in this same order. 


The authors thank Professor Stewart for the helpful interest he has taken in the work. 


THE QUEEN’S UNIVERSITY OF BELFAST. [Received, May 9th, 1935.] 





220. Modified Cinchona Alkaloids. Part II. The Action of Sulphuric 
Acid on Quinine and Quinidine. 


By Tuomas A. HENRY, WILLIAM SOLOMON, and EGBERT M. GIBBs. 


DEMETHYLATION by 60% sulphuric acid, a process first used by Coulthard, Levene, and 
Pyman (Biochem. J., 1933, 27, 727), was applied by Suszko and collaborators (Rec. trav. 
chim., 1933, 52, 839, 847) to quinine and quinidine and a summary of their results was given 
in Part I (J., 1934, 1923), where the present authors showed that both these alkaloids 
yield complex mixtures of substances in this reaction, the principal products being apo- 
quinine from quinine and isoapoquinidine from quinidine. The further investigation of 
this reaction is now described. The products fall into two groups: apo-bases (demethyl- 
ated or phenolic bases) and isomerides of quinine and quinidine (undemethylated bases). 

Apo-bases.—In describing apoquinine (Part I, p. 1927) it was pointed out that the 
mother-liquors of the acid sulphate, obtained in the process of purification, contained an 
isomeride of higher levorotation. This substance, m. p. 275°, [a] — 261-7° (c = M/40 
in alcohol), which is produced in minute amount, has now been isolated in a pure condition. 
It is proposed to call it isoapoqguinine, in spite of the fact that this name was used by Lipp- 
mann and Fleissner (Monatsh., 1891, 12, 327) for an ill-defined base, obtained by the action 
of potassium hydroxide in alcohol on iododihydroapoquinine, only the platinichloride 
being analysed, and no further work having been published. The alternative of adding a 
new item to the already unnecessarily extensive, trivial nomenclature of the modified 
cinchona alkaloids is not desirable. 

A third apo-base, which proves to be Aydroxydihydroapoquinine, m. p. 281—284°, 
[a]}}°” — 205-4° (¢ = M/40 in N/10-sulphuric acid) has also been obtained. It is formed, no 
doubt, by the addition of the elements of a molecule of water to the side chain of apo- 
quinine, since it is produced when pure apoquinine is boiled with 60% sulphuric acid. This 
substance should be the phenolic base corresponding to one of the constituents of Giemsa 
and Oesterlin’s hydroxydihydroquinine (Ber., 1931, 64, 57). 

From quinidine, in addition to the levorotatory isoapoquinidine already described 
(Part I, p. 1929), a new dextrorotatory apo-base, m. p. 172°, [«]p ++ 208-6° (c = 1 in alcohol) 
has been obtained, for which the name apoguinidine is proposed, since this substance is 
probably the chief constituent of the amorphous dextrorotatory mixtures which have 
hitherto been called “‘ apoquinidine.” 

A third isomeride, provisionally named base A, has been obtained, but not yet in 
sufficient quantity to justify the assumption that it has been entirely freed from the other 
isomerides. No hydroxydihydroapoquinidine analogous with the apoquinine product 
referred to above has yet been isolated. 

Isomerides of Quinine and Quinidine.—The undemethylated bases recovered in the case 
of quinine have so far yielded only one crystalline product, m. p. 183—185°, [«]}*" — 201-9° 
(c = 0-811 in alcohol), which proves to be identical with the apoquinine methyl ether, 
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m. p. 183—185°, [«]};”” — 201-2° (c = 0-811 in alcohol) described in Part I (p. 1928), and is 
clearly the 8-ssoquinine of the earlier workers as suggested by Suszko and collaborators 
(loc. cit.). No «-tsoquinine has been found so far. 

The recovery of undemethylated products is always larger from quinidine than from 
quinine. From this material two well-defined isomerides have been isolated. The first 
is B-tsoquinidine, m. p. 142°, [a]i’° — 9-7° (c = 1-4224 in alcohol), identical with the product 
described by Pfannl (Monaish., 1911, 32, 341) and by Konopnicki and Suszko (Bull. Inter. 
Acad. Polonaise, 1929, A, 347), which had m. p. 139—140°, [a]? — 9-7° (c = 1-4424 in 
alcohol). -isoQuinidine is now shown to be isoapoquinidine methyl ether. 

The second isomeride is the methyl ether of the new apoquinidine. It is tempting to 
suggest that this is identical with the not very well-defined base, «-isoquinidine, described 
by Domanski and Suszko (Bull. Inter. Acad. Polonaise, 1933, A, 123), but there are 
differences, particularly in the values of the specific rotations, which make the identification 
doubtful without further investigation. «-isoQuinidine is described as crystallising from 
aqueous acetone in rhombohedra with 1H,0, m. p. 80°, [a]i*° + 111° (c = 0-7815 in alcohol). 
It could not be crystallised in the anhydrous form: the hydrochloride had m. p. 224°, 
[x] + 16° (c = 0-8 in water). Apoquinidine methyl ether separates from ether in an- 
hydrous crystals, m. p. 181°, and from aqueous acetone as a monohydrate in rhombic 
plates, m. p. 90—100°, [«]>’ + 193-2° (c = 0-7815 in alcohol) ; the hydrochloride has m. p. 
267° and [«]}*’ + 174-7° (c = 0-902 in water). 

A possible third and dextrorotatory isomeride of quinidine has been obtained in such 
small yield that only a preliminary examination has been made so far. 

Work is in progress on the constitution and inter-relationships of all the products 
described and, though some comments on these subjects could be made now, it seems 
desirable to reserve these until various gaps in the series have been filled and further 
experimental data are available. 

EXPERIMENTAL. 


The demethylation process was carried out and the products were worked up as described in 
Part I into (a) recovered undemethylated bases, (b) precipitated phenolic bases, and (c) ethereal 
extract of final carbonated liquors. 

In the following account, the melting points are corrected and, unless otherwise stated, are 
also decomposition points. They vary with the rate of heating and are, therefore, of little 
diagnostic value. The specific rotations are recorded for the dry substance, unless stated 
otherwise, and where the solveat is not named or the value of c is not stated, the solvent is 
N/10-sulphuric acid and c = M/40. The combustion results are microanalyses and are recorded 
for the substance dried at 120° in a vacuum, unless other conditions are specified as in the case 
of apoquinidine base and salts. 

Demethylation of Quinine. 

isoA poquinine.—This substance has now been obtained in a pure state by converting the 
mixture of bases recovered from apoquinine acid sulphate mother-liquors into the dihydro- 
bromides and fractionally crystallising the latter from 96% alcohol, in which apoquinine di- 
hydrobromide is sparingly soluble. The zsoapoquinine salt accumulates in the mother-liquors 
and is recovered by taking the latter to dryness and recrystallising the residue from water. 
The base, regenerated from the pure dihydrobromide, crystallises from acetone, containing about 
2% of alcohol, in faintly yellow, hard, spheroidal aggregates of needles, which begin to sinter at 
170°, froth at about 190°, blacken at about 260°, and finally effervesce at 275°. It is sparingly 
soluble in acetone or ether, readily soluble in alcohol, and has [«]}*” — 356-7° or — 261-7° (dry 
alcohol) (Found: loss at 125° in a vacuum, 14-6. C,,H,,0,N,,3H,O requires 3H,O, 14:8. 
Found for dry substance: C, 73-4; H, 7:2; N, 8-85. C,,H,,O,N, requires C, 73-5; H, 7-2; 
N, 9:0%). The dihydrobromide crystallises from water in stout, cream-coloured rods, m. p. 
136—140°, [«]}®° — 230-2° (water) (Found: loss at 110° in a vacuum, 6-7. C,,H,,O0,N,,2HBr,2H,O 
requires 2H,O,7-1%. Found for dry salt: C, 48-3; H, 5-2; N, 5-6; Br, 33-9. C,,H,,O,N,,2HBr 
requires C, 48-3; H, 5-1; N, 5-9; Br, 33-99%). Unlike apoquinine dihydrobromide, the iso- 
apoquinine salt contains the calculated quantity of bromine and is not dissociated by the solvent 
from which it is crystallised. The hydrochloride, clusters of colourless needles from alcohol, has 
m. p. 271°, [a]}*° — 194-5° (water) or — 226-7° (dry alcohol) and is anhydrous (Found : C, 65-8; 
H, 6-7; N, 8-0; Cl, 10-3. C,gH,,O,N,,HCl requires C, 65-75; H, 6-7; N, 8-1; Cl, 10-2%). 
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The acid sulphate forms small, cream-tinted, glistening plates from water, m. p. 202—205°, 
[aji°° — 268-4° (water) (Found: loss at 110° in a vacuum, 8-2. C,,H,,0,N,,H,SO,,2H,O 
requires 2H,O, 8-1. Found for dry salt: C, 55-7; H, 5-9; N, 6-6; S, 7-25. Cy 9H,,0,N,,H,SO, 
requires C, 55-8; H, 5-9; N, 6-9; S, 7-85%). 

Hydroxydihydroapoquinine.—This substance is most readily obtained from the ethereal 
extract of the final carbonated liquors left after the precipitation of crude apoquinine (Part I, 
p. 1927). The yield of this product varies from 4 to 6%. On solution in 96% alcohol (1 g. in 
3 c.c.) it furnishes about one-eighth to one-half of its weight of crystalline hydroxydihydroapo- 
quinine, which can be purified by repeated crystallisation from boiling 90% alcohol (1 g. in 
30c.c.). It forms colourless needles, sinters at 277°, melts at 281—284°, and has [a]3>° — 205-4°. 
The base is sparingly soluble in ether, acetone or alcohol, but rather more soluble in methy] 
alcohol. On exposure to light it gradually acquires a canary-yellow colour, which is lost on 
recrystallisation. The freshly precipitated base is soluble in sodium carbonate solution and is 
on that account even more difficult than phenolic bases in general to recover from its salts. 
The best precipitant is a solution containing sodium carbonate (2%) and sodium hydrogen 
carbonate (4%), but even this leaves a considerable amount of alkaloid in solution, which 
can only be recovered by the tedious process of continuous extraction with ether. The air- 
dry base loses 14-3% at 115° in a vacuum (calc. for 3H,O, 14-1%) and regains 6-8% on exposure 
to air (calc. for 1H,O, 5-2%) (Found for dry substance: C, 69-6; H, 7-5; N, 8-6. Cj, ,H,,O,N, 
requires C, 69-5; H, 7-4; N, 85%). The hydrochloride crystallises from boiling water in cream- 
tinted, felted needles, m. p. 264—268°, [«]}®” — 177-3° (N/10-hydrochloric acid) or — 108-9° 
(c = M/80 in water) or — 110-4° (¢ = M/80 in alcohol). It is sparingly soluble in water or 
alcohol, but rather more soluble in mixtures of these solvents (Found : loss at 115° in a vacuum, 
4:5. Cy, ,H,sO,;N,,HCl1,H,O requires H,O, 4-7. Found for dry salt: C, 62-8; H, 6-8; N, 7-6; 
Cl, 9-6. C,,H,,O,N,,HCl requires C, 62-5; H, 6-9; N, 7-7; Cl, 9-7%). The sulphate crystallises 
from boiling 50% methyl alcohol in colourless, felted needles, m. p. 287—293°, [a]? — 175-5°, 
and is almost insoluble in water, ethyl or methyl alcohol, but somewhat more soluble in boiling 
50% methyl alcohol [Found: loss at 120° in a vacuum, 2-1. (C,.H,sO,N,),,H,SO,,H,O 
requires H,O, 2-3. Found for dry substance: C, 60-6; H, 66; N, 7-4; S, 4-7. 
(CygH.4O,N,2)2,H,SO, requires C, 60-4; H, 6-7; N, 7-4; S,4:2%]. The acid sulphate crystallises 
from 60% alcohol in felted masses of needles, not quite so dull as those of the sulphate, does not 
melt, but begins to discolour at 215° and is quite black at 230°; [a] — 154°. It is readily 
soluble in water, but almost insoluble in methyl or ethyl alcohol (Found: loss at 120° in a 
vacuum, 14-15. C, ,H,sO,;N,,H,SO,,4H,O requires 4H,O, 14-5. Found for dry salt: C, 53-6; 
H, 6-3; N, 6-4; S, 7-4. Cyg9H,,O,;N,,H,SO, requires C, 53-5; H, 6-1; N, 6-6; S, 7-5%). The 
dihydrobromide crystallises from 96% alcohol in colourless glistening needles, m. p. variable : 
it decomposes quietly to a tar at about 285° and froths at about 295°. Itis very soluble in water, 
but sparingly in dry alcohol. It can be dissolved in boiling 96% alcohol (about 1 g. in 25 c.c.) 
and this solution, on concentration to 1 g. in 15 c.c., crystallises; [«]}* — 130-6° (water) [Found : 
loss at 100° in a vacuum, 0-9 (re-absorbed on exposure to air). C,,H,,0,N,,2HBr,0-25H,O 
requires H,O, 0-9. Found for dry salt: Br, 32-5. C,,H,,0,N,,2HBr requires Br, 32-6%]. 

Recovered Undemethylated Base.—The crude product amounted to 1-8% of the quinine acid 
sulphate used. It was dissolved in boiling benzene (1 g. in 20 c.c.), and the solution kept for 
48 hours to deposit resin. The residue left on evaporation of the filtrate crystallised from 
boiling acetone in snow-white masses of slender needles, m. p. 183—185°, [«]}® — 295-9° or 
— 201-9° (c = 0-811 in alcohol) (Found: C, 74:0; H, 7-6; N, 8-5; MeO, 9-1. Calc. for 
CyopHO,N,: C, 74:0; H, 7-5; N, 8-6; MeO, 9-6%). The hydrochloride crystallises with 
difficulty from dry alcohol on careful addition of dry acetone in spheroidal masses of minute 
colourless needles, m. p. 249—251°, [a]}® — 174-0° (water) (Found : C, 66-4; H, 7-1; N, 7-5; 
Cl, 9-7; MeO, 8-0. Calc. for C,,H,40,N,,HCl1: C, 66-5; H, 7-0; N, 7-8; Cl, 9-8; MeO, 8-6%). 
The sulphate separates from 50% acetone in minute, dull, colourless needles, m. p. 220°, 
[a]>° — 171-2° (water) [Found : loss at 120° in a vacuum, 7:5. (Cy9H,,O,N,)2,H,SO,,3-5H,O 
requires H,O, 7-8. Found for dry salt: N, 7:15; MeO, 7-6; S, 4:3. (CygH,,O,N,),,H,SO, 
requires N, 7-5; MeO, 8-3; S, 4:3%]. The dihydrobromide, obtained by adding the calculated 
quantity of hydrobromic acid to the pure base, could only be induced to crystallise by rubbing 
the amorphous residue with dry alcohol. After a short time a streak of crystals appeared and the 
residue gradually became semi-solid. It formed minute, cream-coloured rosettes of needles, 
m. p. 125° (air-dry) or 219° (dry), [«]}” — 196° (water) (Found : loss at 120° in a vacuum, 3-7. 
C,9H,,0O,N,,2HBr,H,O requires H,O, 3-6. Found for dry salt: C, 49-6; H, 5-6; N, 6-0; 
MeO, 5-6; Br, 32-5. Cy9H,,O,N,,2HBr requires C, 49-4; H, 5-4; N, 5-8; MeO, 6-4; Br, 32-9%). 
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These results are in good agreement with those recorded already for apoquinine methyl 
ether (Part I, p. 1928) and a mixed melting point of the two bases showed no depression. The 
figure now given for the specific rotation of the hydrochloride is — 174-0° in place of — 196° 
recorded previously for apoquinine methyl ether hydrochloride. The latter figure is calculated 
for the base and by a copying error was unfortunately given in the previous paper as calculated 
for the salt. Similarly the specific rotation of apoquinine ethyl ether hydrochloride in water 
should have been given as — 173-0° instead of — 191-7°. The identity of this substance with 
8-isoquinine has been referred to already (p. 967). 


Demethylation of Quinidine. 


The quinidine used was freed from dihydroquinidine in part by the method of Buttle, 
Henry, and Trevan (Biochem. J., 1934, 28, 434) and in part by the mercuric acetate process 
of Thron and Dirscherl (Annalen, 1935, 515, 252). The two samples had [«]}* + 333-2° and 
333-7° respectively, both, within experimental error, in agreement with the figure + 334-2° 
previously recorded for pure quinidine (Buttle, Henry, and Trevan, Joc. cit.). Pure quinidine 
has now been prepared by three entirely different processes and the specific rotations, found by 
four different observers, are in good agreement, so there can no longer be any reasonable doubt 
regarding the use of this constant as a criterion of the purity of quinidine. 

Phenolic Bases.—The crude ‘‘ apoquinidine ”’ precipitate (yield, 67-80% of the quinidine 
used, depending mainly on the duration of the reaction), after treatment with acetone to remove 
insoluble mineral matter, is dissolved in 96% alcohol (1 g. in 2-5 c.c.) and neutralised by careful 
addition of concentrated hydrochloric acid, and the solution left over-night to deposit iso- 
apoquinidine hydrochloride. The filtrate from this is evaporated in a vacuum, the residue dried 
for 15 minutes at 100°, dissolved in dry alcohol (1 g. in 1 c.c.), and left to crystallise. The crop 
is filtered off, and the process repeated on the filtrate three times, the united crops being recrys- 
tallised once from 96% alcohol, giving impure apoquinidine hydrochloride. The combined 
mother-liquors on long standing deposit further small quantities of the same salt, mixed with 
isoapoquinidine hydrochloride, and, when this process ceases, the calculated quantity of hydro- 
chloric acid necessary to convert the remaining bases into dihydrochlorides is added, the liquors 
taken to dryness, and the dry residue dissolved in dry alcohol (1 g. in 1 c.c.)._ This solution 
deposits a mixture of dihydrochlorides of isoapoquinidine and the third phenolic base, already 
referred to as base A. The mixture is separated by conversion into neutral hydrochlorides and 
crystallisation from 96% alcohol, which yields a small crop of isoapoquinidine hydrochloride ; 
the filtrate from this on evaporation to dryness and solution of the dry residue in dry alcohol 
(1 g. in 1-5 c.c.) furnishes impure base A hydrochloride. The combined mother-liquors from 
these processes are taken to dryness, and the residue converted into zincichlorides by solution in 
concentrated hydrochloric acid (1 g. in 1 c.c.) and addition of an equal weight of zinc chloride 
(1 g. in 1 c.c.). The crystalline crop of zincichlorides is not separable into its components by 
fractional crystallisation, but the mixture of clean bases recovered from it can be converted into 
the hydrochlorides and so separated as described above into apoquinidine and base A. The 
total yield of the three components, expressed as percentages of the crude ‘‘ apoquinidine ”’ 
used, are approximately as follows : isoapoquinidine, 38; apoquinidine, 21; base A, 9. 

A poquinidine.—The crude hydrochloride, isolated as described above, is purified by recrys- 
tallisation from boiling 96% alcohol and finally from water, and the base recovered from it by 
pouring an aqueous solution into excess of a solution of sodium hydroxide and passing carbon 
dioxide. The precipitate can be crystallised from alcohol or acetone and in each case tenaciously 
retains 1 mol. of the solvent. Thus, it separates from alcohol in needles or short prisms, m. p. 
172°, which lose only 0-5—1% at 120° in a vacuum, but at 160° lose 13-1% (calc. for 1 mol. 
C,H,°OH, 12-9%), show signs of incipient decomposition, and then melt at 185—190°. At 
150° in a vacuum the loss is 5-7%. The precipitated base dissolves easily in acetone and at once 
crystallises in minute hexagonal prisms, m. p. 178—180° (air-dry). This preparation loses 
15-2% at 140° in a vacuum (calc. for 1C;H,O, 15-8%). The product crystallised from chloro- 
form and dried at 120° in a vacuum contains Cl, 4-1% (C,gH,,0,N,,CHCI, requires Cl, 24-8%). 
Combustions have been made of the base crystallised from alcohol and acetone and dried at 
120°, 160°, and 150° in a vacuum [Found for base crystallised from alcohol (a) dried at 120° : 
C, 71-1; H, 8-0; N, 7-9; (b) dried at 160°: C, 74-0; H, 7-4; N, 8-9. Found for base crystallised 
from acetone and dried at 150°: C, 73-7; H, 7-2; N, 9-0. Cj sH,.O,N,,C,H,*OH requires C, 
70-8; H, 7-9; N, 7-9. Cy, gH,.O,N, requires C, 73-5; H, 7-2; N, 9-0%]. The base crystallised 
from alcohol has [a] + 253-9° or + 181-8° (c = lin alcohol) : these figures become + 291-4° 
and + 208-6° respectively calculated for the base dried at 160°. 
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The neutral salts show the same tendency to retain solvent. The hydrochloride crystallises 
from alcohol in plates or prisms, m. p. 183—185°, [a]}” + 156-3° (water) or + 177-0° (calc. for 
salt free from alcohol) (Found for salt dried at 120° in a vacuum: C, 64:2; H, 7-55; N, 6-6; 
Cl, 9-2. C,,H,.O,N,,HCI,C,H,°OH requires C, 64:2; H, 7-4; N, 7-1; Cl, 90%). This 
alcoholate, on exposure to air, slowly changes in appearance and the m. p. rises to 235°, owing to 
replacement of the alcohol by two molecules of water. It dissolves easily in water and at once 
crystallises in small needles, m. p. 2838—240°, [«]}* + 178-3° (C,,H,.O,N,,HCI,H,O in water) 
or + 187-5° (calc. for C,,H,,O,N,,HCl) (Found: loss at 120° in a vacuum, 5-0. 
C,,H,.0,N,,HC1,2H,O requires 1H,O, 4:7%. Found for salt so dried: C, 62-2; H, 6-9; 
N, 7°85; Cl, 9-9. C,,H,,.O,N,,HCI,H,O requires C, 62-5; H, 6-9; N, 7-7; Cl, 9-7%). The 
sulphate crystallises from alcohol in clusters of needles, m. p. 257—-258° [Found : loss at 165° 
in a vacuum, 11-3. (C,gH,.O,N,)2,H,SO,,2C,H,O requires C,H,O, 11-4%. Found for salt 
dried at 120° in a vacuum: C, 62-75; H, 6-4; N, 7-6; S, 5-1. (C,gH,,0O,N,).,H,SO,,C,H,O 
requires C, 62:8; H, 6-9; N, 7-3; S, 42%]. Crystallised from water, it has m. p. 260° [Found 
for salt dried at 120° in a vacuum : C, 61-95; H, 6-55; N, 7-4; S, 4-3. (C4 9H,.0,N,)2,H,SO,,H,O 
requires C, 61-9; H, 6-6; N, 7-6; S, 44%]. [a]}® + 242-4° or + 248-5° (calc. for anhydrous 
salt). The salt is very sparingly soluble in water. The dihydrobromide crystallises from water 
in needles, m. p. 280°, [a]}” + 192-5° (water) (Found: loss at 120° in a vacuum, 3-6. 
C,,H,,0,N,,2HBr,H,O requires H,O, 3-7%. Found for dry salt: C, 48-1; H, 5-1; N, 6-0; 
Br, 33-65. C,,H,,.O,N,,2HBr requires C, 48-3; H, 5-1; N, 5-9; Br, 33-99%). From alcohol, 
in which it is sparingly soluble, the salt crystallises in anhydrous, minute prisms. The zinci- 
chloride crystallises from 5% hydrochloric acid in colourless, anhydrous needles, m. p. 290°, 
[a]}” + 175-3° (water) (Found: C, 44-2; H, 4:8; N, 5-0; Cl, 27-25. C,H,,O,N,,2HCI,ZnCl, 
requires C, 43-9; H, 4-7; N, 5-4; Cl, 27-3%). 

The methyl ether was obtained by treating the base in solution in alcohol with diazomethane 
(yield, 62%). It separated from ether in crystals, m. p. 185°, [«]}*" + 277-6°, and proved to be 
identical with one of the undemethylated bases described below. 

Phenolic Base A.—The base, regenerated from the dihydrochloride, crystallises from alcohol 
in prisms, m. p. 250°, [«]}° + 209-5° or + 139-5° (c = 1 in alcohol) (Found: C, 73-6; H, 7-3; 
N, 8-7. Ci 9H,,O,N, requires C, 73-5; H, 7:2; N, 90%). The hydrochloride crystallises 
from alcohol in large, rectangular prisms, m. p. 115° (air-dry) or 180—190° (dried at 120°), 
[ai + 139-3° (water) (Found: loss at 100° and finally at 120° in a vacuum, 11-1. 
C,,H,,0,N,,HC1,C,H,*OH requires C,H,*OH, 11-7. Found for dry salt: N, 7-6; Cl, 10-1. 
Ci9H.,0,N,,HCl requires N, 8-1; Cl, 10-2%). 

Recovered Undemethylated Bases.—The yield of this material varies from 15 to 20% by weight 
of the quinidine used, when the time of heating is 6 hours, and is proportionately larger for 
shorter periods. The crude product contains at least three substances. On exposure of a 
solution in moist ether (1 g. in 10 c.c.) in a refrigerator, about 25% of the product crystallises 
(8-isoquinidine), no further crops being obtained on concentration and cooling of the mother- 
liquor. The residue from the latter is dissolved in alcohol and neutralised with dilute sulphuric 
acid, yielding a crystalline crop (apoquinidine methyl ether sulphate) amounting to a further 
20% of the crude product. The remaining mixed bases are precipitated from the mother- 
liquor and extracted with the minimum quantity of ether, from which, on cooling, a further 
crop of 8-isoquinidine is obtained amounting to about 25% of the total crude product. The 
residual bases are converted into cuprichlorides and give a further 5% yield of B-tsoquinidine in 
the form of the additive compound B,2HC1,CuCl,. The bases recovered from the cuprichloride 
mother-liquors, on conversion into neutral sulphate, give a further 5% of apoquinidine methyl 
ether, and the residual bases from the sulphate mother-liquors, on solution in alcohol (1 g. in 
1 c.c.), give a further 5% of crystalline material, which is a third isomeride of quinidine. 

B-isoQuinidine.—This substance is best purified by crystallisation from moist ether, from 
which it separates in colourless, silky needles, m. p. 72° (air-dry) or 142° (dry) (Found : loss on 
drying over sulphuric acid in a vacuous desiccator, 14-05. Calc. for CygH,,O,N,,3H,O: loss, 
14-3%. No further loss at 110° in a vacuum. Found for dry substance: C, 74-4; H, 7:5; 
N, 8-7; MeO, 9-3. Calc. for C,,H,,O,N,: C, 74:0; H, 7-5; N, 8-6; MeO, 96%). The substance 
has [a] + 29-0° or — 9-7° (c = 1-4424 in 96% alcohol). These results are in close agreement 
with those recorded for B-isoquinidine by previous workers and there can be no doubt of the 
identity of this substance with the isoquinidine of Pfannl (/oc. cit.) and with the B-isoquinidine of 
Konopnicki and Suszko (/oc. cit.). The neutral sulphate, B,,H,SO,,7H,O, differed from Pfannl’s 
description only in having [a]}” — 47-1° (¢ = M/40in water) instead of — 35° (c = 1-4 in water). 
The cuprichloride, prepared by the general method (Buttle, Henry, and Trevan, /oc. 
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cit.), forms small plates, m. p. 220° (Found: C, 45-1; H, 4:9; N, 5-5; Cl, 26-7; Cu, 11-8. 
CopH4O,N2,2HCI,CuCl, requires C, 45-1; H, 4-9; N, 5-3; Cl, 26-7; Cu, 12-0%). 

On demethylation by boiling with 18N-sulphuric acid (20 c.c.) for 6 hours, 8-isoquinidine 
(5 g.) yields about 10% of recovered undemethylated base and 90% of phenolic bases, of which 
about one-third is tsoapoquinidine and the rest consists of dextrorotatory phenolic bases, from 
which about 4% of apoquinidine is isolated in the form of the hydrochloride and identified by its 
specific rotation and the characteristic melting point changes. 

Conversion of isoApoquinidine into B-isoQuinidine.—isoApoquinidine (2 g.) in alcoholic 
solution, on treatment with diazomethane in ether, yielded 0-8 g. of methylated base, which on 
recrystallisation from moist ether had m. p. 70—75° (air-dry) or 142—143° (dried in a vacuous 
desiccator) and [«]}*° — 10° (c = 1 in alcohol). These constants agree well with those given 
above for B-isoquinidine, and identity of the two was confirmed by a mixed melting point 
determination. isoApoquinidine is, therefore, the phenolic base corresponding to B-isoquinidine. 

A poquinidine Methyl Ether.—The crude sulphate, isolated as described above, can be 
recrystallised from boiling water (1 g. in 35c.c.), but purification is best effected by recrystallising 
the regenerated base first from aqueous acetone (70%) and finally from 96% alcohol; this 
provides a small first crop of a substance which appears to be impure quinidine. The mother- 
liquor from this is taken almost to dryness, and the residue crystallised first from ether (1 g. 
in 1 c.c.) and finally from alcohol (1 g. in 1-5 c.c.), from which the base will not crystallise until 
it is pure. It separates from ether in minute, anhydrous needles or from alcohol in colourless 
prisms, m. p. 180—181°, [a]} + 278-8° (Found: loss at 120° in a vacuum, 12:1. 
CypH,,0O,N,,C,H,;°OH requires C,H,*OH, 12-4%. Found for dry substance: C, 74-1; H, 7-6; 
N, 8-3; MeO, 8-9. C,,H,.4O,N, requires C, 74-0; H, 7-5; N, 8-6; MeO, 9-6%). From aqueous 
acetone it crystallises in rhombic plates, m. p. 90—100°, [«]}®* + 193-2° (¢ = 0-7815 in alcohol) 
(Found: loss at 80—115° in a vacuum, 7-1. Calc. for 1H,O, 5-3; for 2H,O, 100%). The 
constants found for this base are in good agreement with those recorded for apoquinidine methyl 
ether (p. 970) and a mixéd melting point of the two confirmed this identification. The 
differences between it and «-isoquinidine have been referred to already (p. 967). The hydro- 
chloride crystallises from water or 96% alcohol and has m. p. 267°, [a]}®* + 174-7° (c = 0-9 in 
water) (Found: loss at 120° in a vacuum, 4-9. C,).H,4O,N,,HCI,H,O requires H,O, 4-8%. 
Found for dry substance: C, 66-5; H, 7-25; N, 7-8; Cl, 10-2; MeO, 8-3. C,,H,,O,N,,HCl 
requires C, 66-5; H, 7-0; N, 7-8; Cl, 9-8; MeO, 8-6%). The dihydrobromide is much more 
soluble in water than quinidine dihydrobromide and crystallises from alcohol in prisms, m. p. 
140° or 210—215° (dry), [«]}*” + 186-3° (water). The loss on drying at 120° in a vacuum varied 
in different specimens from 5 to 8%, owing to efflorescence. It was found impossible to dry the 
salt to constant weight and it was taken as dry at the point at which the drying curve began 
to flatten (Found for salt so dried: C, 49-8; H, 5-85; N, 5-5; Br, 32:3; MeO, 6:8. 
Cy)H,,O,N,,2HBr requires C, 49-4; H, 5-4; N, 5-8; Br, 32-9; MeO, 6-4%). 

The Third Quinidine Isomeride.—The minute quantity of crude material separated as 
described above, on recrystallisation from alcohol (1 g. in 3 c.c.), forms large, triangular prisms, 
m. p. 90—93° (air-dry) or 120° (dry), [a]}’ + 233-5° or + 136-5° (c = 1 in alcohol) (Found : 
loss on drying, first at 55° and finally at 120° in a vacuum, 11-5. C,)H,,0O,N,,C,H,°OH requires 
C,H,°OH, 12-4%. Found for dry substance: C, 74-0; H, 7-4; N, 8-6; MeO, 9-3. C,,H,,O,N, 
requires C, 74-0; H, 7-5; N, 8-6; MeO, 9-6%). 


The authors thank Mr. L. E. Barnett for assistance and Messrs. A. Bennett and H. C. Clarke 
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221. The Dipole Moments of Vapours. Part II. 
By L. G. Groves and S. SUGDEN. 


IN continuation of the work described in Part I (J., 1934, 1094), measurements have been 
made of the dielectric constants of six more substances in the vapour state over a range 
of temperature. The dipole moments deduced from these measurements are recorded 
(in Debye units; e.s.u. x 10-48) in Table I. 
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All the substances so far examined by us give a linear relation between the measured 
polarisation and the reciprocal of the absolute temperature; extrapolation gives a value 
of P,., which is nearly equal to the optical polarisation. The atom polarisation must 
therefore be small, but its exact determination by this method is difficult when the sub- 
stances examined have a considerable moment, since a small error in the slope of the 
curve has a very large effect on the extrapolated value of P,,,. The chief interest in 
measurements of this kind lies in the values of the dipole moments; we have therefore 
preferred to assume that P, is 5% of Px, (cf. Sugden, Trans. Faraday Soc., 1934, 30, 734) 
when P, is calculated from the refractive index for the Na—D line. This gives a consistent 
basis for the calculation of the diple moments and causes a negligible error when the 
moment is greater than 1-0 D. The values marked with an asterisk in Table I have been 
recalculated in this way from the observations recorded in Part I. 


TABLE I. 


Dipole Moments of Vapours. 

Substance. pb. Substance. p- 
Water 1°84+0°01 Ethyl benzoate 1°95+0°02 
Deuterium oxide 1°84+-0°01 Acetophenone 3°00+0°01 
Benzene 0 Nitrobenzene * 4°24+ 0°02 
Chlorobenzene * 1:°73+0°01 Benzonitrile * 4°37+0°02 
Bromobenzene 1:71+0°01 n-Valeronitrile 4:09+0°01 


Our value for the dipole moment of water agrees excellently with that of Sanger, Steiger, 
and Gichter (Helv. Phys. Acta, 1932, 5, 200), viz., 1-842+0-008. It will be seen that 
deuterium oxide has a dipole moment which is indistinguishable from that of water. 
The moments of the other substances examined are in all cases higher than the values 
deduced from measurements in solution. The behaviour of solutions will be discussed in 
a later paper, in which new measurements on solutions of some of the substances referred 
to in Table I will be reported. 

A number of measurements of the dipole moments of vapours have now accumulated, 
and it is possible to discuss in a preliminary fashion the validity of two general relations 
which have been found for dipole moments in solution. The first of these concerns the 
behaviour of a homologous series RX, where R is an alkyl radical and X a group possessing 
a considerable dipole moment. For such compounds, measurements in solution show that 
the moments are nearly constant except when R is H or CH, (cf. Cowley and Partington, 
this vol., p. 607). The available data for dipole moments measured in the state of vapour 
are collected in Table II; it will be seen that the same general conclusion can be drawn 
from these data, although it is evident that many more observations are needed. 


TABLE II. 


Dipole Moments in Homologous Series. 


Fluorides. Chlorides. Bromides. 
HF HCl 1-03 1 HBr 0°78 } 
CH,F ‘ CH,Cl 1°87,? 1°86,3 1°86, (1°69) 5 CH,Br 1°82,5 1-79 ® 
C,H,F . C,H,Cl 2°06,? 2°02,3 2°04,3 (2°11) § C,H,Br 2°09,5 2°02,4 (1-78)® 

m-C,;H,Cl 2°043 n-C,H,Br 2°11,5 (1°79) © 
Limit “{ Limit 2°04 Limit 2°08 
Cyanides. Nitro-compounds. Methyl ketones. 

HCN 2°93 7 CH,*NO, 3°78,5 3°42 7 CH,°CO-CH, 2°97,5 2°84,° 2°85 1° 
CH,°CN 3° C,H,*NO, 4:03 5 C,H,;-CO-CH, 2°7711 
C,H,°CN 4055 «. Limit 4°03 Limit 2°8 approx. 
n-CyHyCN 4:09 
Limit 4°07 

References—! Zahn, Physical Rev., 1926, 27, 455. * Fuchs, Z. physikal. Chem., 1930, 68, 824. 
8 Sanger, Steiger, and Gachter, Joc. cit. * Smyth and McAlpine, J. Chem. Physics, 1934, 2, 499. 
5 Hojendahl, Thesis, Copenhagen, 1928. ® Mahanti, Physikal. Z., 1930, 31, 548. * Smyth and 
McAlpine, J. Amer. Chem. Soc.; 1934, 56, 1697. ® Idem, J. Chem. Physics, 1935, 3, 55. *® Stuart, 
Z. Physik, 1928, §1, 490. 1% Zahn, Physikal. Z., 1932, 38, 686. 11 Idem, Physical Rev., 1930, 35, 848. 


12 Groves and Sugden, this paper. 
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The second generalisation concerns the comparison of the group moments of aliphatic 
and aromatic compounds. From dipole moments measured in solution, Sutton (Proc. 
Roy. Soc., 1931, 131, 668) has shown that the difference between the moments ArX—AlkX 
is related to the directing influence of the group X in benzene substitution. The sign of 
the moment is defined by allotting a positive sign to a dipole which has the positive end 
more distant from the Ar or Alk group. With this convention, the difference ArX—AlkX 
is positive for groups which have an 0,-directing influence and negative for those which 
are m-directing. 

The available data for dipole moments measured in the vapour state are collected in 
Table III. The moments of AlkX have been taken as equal to the limits for the appropriate 
homologous series in Table II. It will be seen that Sutton’s generalisation is confirmed 
by the vapour measurements, although the differences between the aromatic and the 
aliphatic group moments are rather smaller than those found in solution. 















TABLE III. 
Aliphatic and Aromatic Group Moments. 













Directing 

p. p. Diff. influence. 
C,H,;F — 1-57 ® AlkF —1:92 +0°35 0,p 
C,H,Cl —1°70,° —1-73 AlkCl — 2°04 +0°33 0,p 
C,H,Br —1:71 }? AlkBr — 2°08 +0°37 0,p 
C,H,;°CN —4°37 12 Alk-CN —4:07 —0°30 m 
C,H,°-NO, —4:24,12 —4°19 8 Alk-NO, —4:03 —0°2 m 
C,H,°CO-CHg — 3-00 1? Alk-CO-CHg —2°8 —0°2 m 






(For references, see Table IT.) 







EXPERIMENTAL. 







Measurement of Dielectric Constants.—The apparatus described in Part I was used. Some 
difficulty was encountered owing to breakage of the glass bulb enclosing the cell after heating 
to 250°. This has been overcome by mounting the stainless-steel cylinders in an annular 
vessel of Pyrex glass. 

Preparation of Specimens.—Conductivity water was used as “ light ’’ water; the deuterium 
oxide was purchased from Norsk Hydro-elektrisk Kvaelstofaktieselskab and contained 98-4% 
D,O. The acetophenone used was the specimen purified by Sugden (J., 1933, 772). 

Commercial specimens of bromobenzene and of ethyl benzoate were purified by repeated 
fractional distillation. The specimens used had respectively D?” 1-4955 (Young, J., 1889, 55, 
486, gives D2’ 1-4953) and D?° 1-0445 (Int. Crit. Tables give D?° 1-0453). m-Valeronitrile, 
prepared from n-butyl bromide and purified by repeated distillation, had D?° 0-7992: Mercx, 
Verholt, and Bruylants (Bull. Soc. chim. Belg., 1933, 42, 177) found D? 0-7992. 

In the tables below, T is the absolute temperature, the approximate pressure (mm.) of 
the vapour measured, and P the total polarisation (in c.c.) which is calculated on the assumption 
that the vapour obeys the gas laws. The dipole moment in the last column is calculated on the 
assumption that P, is 5% of Py, (see p. 972). 


















Water. Deuterium oxide. Bromobenzene. 













Pg = 37 c.c.; Pasp=39cc. Pp=— 3% c.c.; Pagan =—39cc. Pg = 33°9c.c.; Pas yz = 356 c.c. 
af p. P. p. : p. PF. B. ig p. P. B. 
383° 114 58°1 1°83 364° 110 61:5 1°84 374° 87 84°1 1:7 
es 138 58°9 1°85 A 116 61:9 1°85 9s 90 84:1 1°71 
440 150 51-2 1°84 420 121 53°8 1°84 398 103 81:4 1°72 
a: 125 §1°7 1°85 - 129 53°6 1°84 al 70 81°2 1-72 
458 163 49°1 1°83 446 180 50°7 1°84 413 100 79°7 1°72 
ue 214 49°3 1°84 rs 189 50°6 1°84 438 93 76°8 1°71 
484 212 47°3 1°84 473 214 48°5 1°85 We 93 771 1-71 
ee 222 47°5 1°85 * 202 48°5 1°85 443 170 76°8 1:72 
Mean 1°84+0°01 Mean 1°84+0°01 483 113 73°6 1°71 
ee 95 73°6 1°71 






Mean 1°71+0°01 
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Ethyl benzoate. Acetophenone. n-Valeronitrile. 

Py = 42°6 c.c.; Pagg = 44:7 c.c. Pg = 36°3c.c.; Pasg = 381 c.c. Pg = 252 c.c.; Pay zy = 26°5 c.c. 
405 37 101°8 1°94 410 : 174°5 3°01 423 270°1 4°09 
434 88 99°5 1°96 a 173°3 3°00 si 271°6 4°10 

pe 70 99°5 1°96 432 166°7 3:00 449 257°7 4:10 

474 120 93°3 1°93 = 166°2 2°99 “= 256°8 4:09 
" 150 92°9 1:93 460 158°3 2°99 484 239°1 4°08 

505 110 91°5 1°96 Ss 159°3. 33-01 iis 2406 4:10 
106 916 1:96 493 j 150°4 = 300 522 224-8 4:10 

Mean 1°95+0°01 va 150°8 3°00 i 224-9 4:10 

Mean 3:°00-+0°01 Mean 4:°09+0°0i 


We are indebted to Sir Robert Robertson, K.B.E., F.R.S., for giving us facilities for carrying 
out this work. 


BrrKBECK COLLEGE, FETTER LANE, E.C. 4. 
GOVERNMENT LABORATORY, CLEMENT’S INN PASSAGE, STRAND. (Received, June 12th, 1935.] 





222. Charcoal as a Catalyst of Stereoisomeric Change in Disulphoxides. 
By T. W. J. TAyLor and W. C. J. CouGHTREY. 


CERTAIN charcoals are very active catalysts for the conversion of the less stable of a pair 
of geometrically isomeric oximes into the more stable. It has been shown that the actual 
catalyst is the oxygen which is adsorbed on the charcoal in a reactive state (Taylor and 
Lavington, J., 1934, 980). The probable mechanism of the catalysis is an exchange of 
oxygen atoms between the charcoal surface and the oxime group; an oxygen atom can 
take up a position on the side of the carbon-nitrogen double bond opposite to the hydroxyl 
of the oxime group and, after migration of the hydrogen atom of the hydroxyl to this new 
oxygen atom, the oxime molecule can leave the surface in the more stable configuration, its 
original oxygen atom remaining behind. This view receives support from the fact that 
there is no catalysis of stereoisomeric change in the O-methyl ethers of the oximes, the 
methyl group unlike the hydrogen atom being incapable of migration. There is further 
support in the analogy with the exchange of the hydrogen isotopes between gaseous deuter- 
ium and benzene, which is only possible in the presence of a metallic surface which adsorbs 
hydrogen in a chemically reactive state (Horiuti, Ogden, and Polanyi, Trans. Faraday 
Soc., 1934, 30, 663). 

If this view of the mechanism is correct, other cases of exchange phenomena between 
oxygen adsorbed on charcoal and oxygen combined in simple molecules are to be expected. 
If the oxygen atom involved in the exchange is one whose position determines which of 
two possible stereoisomeric configurations the molecule as a whole possesses, the exchange 
might become manifest by resulting in a change of configuration, as long as that change is 
accompanied by a diminution in free energy. 

Such a case is that of the geometrically isomeric disulphoxides of cyclic systems con- 
taining two sulphur atoms, such as thianthren (I and II), in which the isomerism depends 
solely on the position of oxygen atoms. Either of these isomerides is known to give the 
same equilibrium mixture of both, if kept for some time above its melting point. The 
predicted catalysis by charcoal of the rate of this conversion to the mixture of lower energy 
content has been detected, although the conditions under which it takes place make it 
unsuitable for quantitative investigation. 
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The a- (m. p. 284°) and the $- (m. p. 249°) disulphoxide were prepared by the methods of 
Fries and Vogt (Ber., 1911, 44, 756). The equilibrium mixture of the two, obtained from either 
isomeride if kept above its m. p. for some time, melts somewhat indistinctly, but the final 
clearing point, 276°, is easily observed. During the conversion of the B-compound into the 
equilibrium mixture, the m. p. falls from its initial value of 249° to a eutectic, m. p. about 
226°, and then rises to 276°. 

The occurrence of isomeric change was detected by the m. p.’s of the samples. Specimens 
of the disulphoxides were subjected to the various treatments described below, and in each case 
a second sample was subjected to the same treatment with the omission of the charcoal. The 
m. p.’s of the two products were taken concurrently in the same bath with a short-stem thermo- 
meter together with one of the untreated starting material. All the experiments were repeated 
several times. 

No stereoisomeric change could be detected if either isomeride were kept in boiling benzene 
for 2 hours either in the presence or in the absence of small quantities of blood charcoal. Nitro- 
benzene was unsuitable for work at higher temperatures, since it seemed to react slightly with 
the disulphoxides at 180°. Tetralin proved to be a very suitable solvent: either isomeride 
could be kept in it for 2 hours at 180° and crystallised with unchanged m. p. on cooling. 

If the «-disulphoxide is heated for the same period and at the same temperature in tetralin 
with a little blood charcoal, the sample recovered shows m. p. 270—276° (blank 283—284°) 
and is the equilibrium mixture of the two disulphoxides. This is shown by analysis (Found : 
C, 58-2; H, 3-3. Calc. for C,,H,O,S,: C, 58-1; H, 3-2%), by mixed m. p. with the equilibrium 
mixture obtained by keeping either isomeride at 290° for a short time, and by the resemblance 
in solubilities to that authentic equilibrium mixture. Similarly, if the B-disulphoxide is heated 
under the same conditions with blood charcoal, the m. p. of the recovered sample is 242° (blank 
249°). That the catalysis of isomeric change is not homogeneous and is not due to substances 
extracted from the charcoal by the solvent was shown by heating 0-2 g. of the same sample of 
blood charcoal with 5-5 g. of tetralin for 2} hours at 180° and, after removing the charcoal, 
heating the a-disulphoxide with this tetralin for a further 2 hours; the recovered sulphoxide 
melted at 284°. 

Since no sufficiently accurate method could be found for the quantitative analysis of mixtures 
of the two disulphoxides, it was impossible to explore the catalysis as was done in the case of 
a-benzilmonoxime. Points of resemblance between the two cases could, however, be shown. 
In the charcoal catalysis of the stereoisomeric change of a«-benzilmonoxime, blood charcoal 
is about 100 times as active as sugar charcoal. Two samples, each of 0-4 g., of the a-disulphoxide 
were heated in the same bath for 2} hours at 180°, one with 0-15 g. of blood charcoal and the other 
with the same amount of pure sugar charcoal; the m. p. of the recovered sulphoxide in the first 
case was 270—276° and in the second 282—283°; hence, as with the oxime, sugar charcoal is 
relatively inactive as a catalyst. Again, in the case of the oxime the activity of blood charcoal 
is very much diminished if the charcoal is poisoned by boiling it with an aqueous solution of 
potassium cyanide. Two samples of the «-disulphoxide, each of 0-4 g., were heated at 180° 
for 2} hours in the same bath, the one with 0-2 g. of blood charcoal poisoned by 5 hours’ boiling 
with a concentrated solution of cyanide and then thoroughly washed with water, and the other 
with the same amount of the same charcoal which had been boiled for the same time with water ; 
the m. p. of the recovered sulphoxide in the first case was 282—283°, showing that hardly any 
isomeric change had taken place, and in the second case 273—276°. 

The close parallelism between the effects observed with the oximes and the sulphoxides is 
evidence for the view that the essential mechanism of the catalysis is the same in the two cases 
and is an exchange of oxygen atoms between the active oxygen adsorbed on the charcoal and 
that combined in the sulphoxide. The only other type of explanation that seems possible is 
that actual reduction or oxidation is involved. For instance, the following equilibrium might 
be set up on the charcoal surface, thianthren disulphoxide — = thianthren + adsorbed oxygen, 
and this might lead to the conversion of the «-disulphoxide into the more stable equilibrium 
mixture. Such a mechanism is, however, excluded by the fact that thianthren can be heated 
to 200° in tetralin with very large amounts of blood charcoal and free access of oxygen without 
undergoing any observable oxidation to the sulphoxide equilibrium mixture. Similarly, the 
alternative mechanism depending on the reversibility of the change disulphoxide + adsorbed 
oxygen == disulphone (or sulphoxide-sulphone) is extremely unlikely. The sulphone group 
is very difficult to reduce; diphenylsulphone distils unchanged from zinc dust, and hence it is 
improbable that a sulphone would give up its oxygen to charcoal. Further, the disulphone of 
thianthren is a very sparingly soluble substance (its m. p. is 324°), but if the «-disulphoxide 
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is boiled with charcoal with free access of oxygen, no disulphone can be found in the 


product. 

The exchange mechanism accounts satisfactorily for the observed facts without introducing 
these improbable oxidation or reduction processes. It may be compared with the results 
obtained by Horiuti, Ogden, and Polanyi (/oc. cit.), which show that exchange of hydrogen atoms 
takes place between gaseous deuterium and benzene even when the metal catalyst is unable to 


reduce the benzene to cyclohexane. 
THE Dyson PERRINS LABORATORY, OXFORD. [Received, March 12th, 1935.] 





223. Complexes of Polynitro-compounds. Part I. Compounds of 
Polynitro-hydrocarbons with 1-Keto-1 : 2: 3 : 4-tetrahydrocarbazole. 


By ANDREW KENT. 


1-KETOTETRAHYDROCARBAZOLE rivals naphthalene (Hepp, Annalen, 1882, 215, 375) in its 
ability to form crystalline complexes with polynitro-hydrocarbons. It is further distinctive 
in the nature of its products, as these frequently belong to that rare ternary (1 : 2) type 
containing but one molecule of the polynitro-compound which, on Pfeiffer’s calculation, 
occurs in only 1—2°% of recorded instances (‘‘ Organische Molekulverbindungen,” Stuttgart, 
1927, p. 336). 

The examples tabulated below permit consideration of the effect on molecular 
composition and on stability towards thermal and solvent dissociation, of structural vari- 
ation in the components of the molecular compounds described. 


1-Ketotetrahydrocarbazole-—The following preparation avoids the considerable resinification 
which accompanies Coffey’s original procedure (Rec. trav. chim., 1923, 42, 531), or prolonged 
(3 hrs.) boiling with acetic acid alone. cycloHexane-1 : 2-dione monophenylhydrazone (10 g.) 
is dissolved in boiling glacial acetic acid (60 c.c.). The burner is removed while concentrated 
hydrochloric acid (10 c.c.) is added in small quantities through the condenser. When the 
resultant ebullition has moderated, the whole is boiled for 2 minutes and then diluted with 
boiling water (40 c.c.). The product (yield, 75—80% of the theoretical) is obtained, on cooling, 
in fine long needles, m. p. 164—167°, and 169° after one recrystallisation from dilute acetone or 
acetic acid. The persistent slight coloration of the solid can be removed by addition of a crystal 
of potassium permanganate to an acetone solution. 

Estimates of approximate solubility at room temperature indicated that this keto-amine is 
somewhat more soluble in benzene (100 parts dissolve ca. 3-6 parts at 20°) than in alcohol (100 
parts dissolve ca. 2-4 parts at 20°). 

The p-niirophenylhydrazone, prepared in acetic acid, is obtained on recrystallisation from this 
solvent as deep red needles, m. p. 252—253° (Found: N, 17-8. C,,H,,0,N, requires N, 17-5%). 
Efforts to indolise this substance with the usual reagents gave negative results: methods 
involving the addition of hydrogen chloride or concentrated hydrochloric acid precipitate a 
lemon-yellow hydrochloride (decomp. 210—212°), which is stable in the absence of excess of 
water. 

The deep red p-nitrophenylhydrazone, from acetic acid or acetone, is readily discoloured by 
absolute alcohol and recrystallises from this solvent as fine bottle-green needles, to which the 
original colour is restored by mild heating (which is accompanied by loss of weight), or by brisk 
rubbing on porous pot. The green modification is apparently a binary complex with the solvent 
(Found: Loss of weight, 13-0. C,,H,,0,N,,C,H,O requires C,H,O, 12-6%). 

1-Ketotetrahydrocarbazole picrate was obtained from 1:1 to 1:3 concentrations of the 
reactants in alcohol or benzene as light red, long needles, m. p. 165—166° (Found : N, 11:8; 
C,,H,,ON, by trituration with dilute aqueous ammonia, 60-6. Calc. for CgH,O,N;,2C,,H,,ON : 
N, 11-7; C,,H,,ON, 61-7%). This substance was unaffected in colour or m. p. by recrystal- 
lisation from 50% aqueous alcohol, acetone, or acetic acid. Plancher, Cecchetti, and Ghigi 
(Gazzetta, 1929, 59, 346) record m. p. 162°. 

Further complexes of 1-ketotetrahydrocarbazole were obtained with the following poly- 
nitro-hydrocarbons from an alcoholic solution of the constituents, and were recrystallised from 
that solvent for analysis : (a) and (e) are also precipitated when cold saturated alcoholic solutions 
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of the necessary components are mixed, (c) may be successfully recrystallised only from con- 
centrated solution, as dilution produces visible dissociation (cf. acenaphthene styphnate ; 
Gibson, J., 1908, 93, 2099). Melting ranges and composition were checked by simultaneous 
comparison with a melt of the substances concerned, in the proportion indicated by analysis : 
and the stability of the complexes was further investigated by attempted recrystallisation from 


benzene. 
M. p. solid. 





‘ N, %- [ceninsatin 

Com- Polynitro- Compos- ————, From From On attempted recrystn. 
pound. component. ition. Found. Cale. Description. C,H,0O. melt, from C,Hg. 

a 1:3: 5-C,H,(NO,), 1:2 12-0 12-0 a yellow, short 180—182° 178—182° Unchanged (N, 12-3) 

needles 

b 1:2:4- - 3:3 14-1 14-0 Bright red needles 129—131 125—130 Ln a (N, 13-9) 

c m-C,H,(NO,), 1:2 10-7 10-4 Orange-yellow prisms 120—139 119—141 Dissociat 

d p- 1:2 10-4 10-4 Orange-yellow, fine 140—142 139—143 ee from conc. 


” . 

needles ‘ soln. (N, 10-2); dis- 

sociated from dil. soln. 

13-9 13-6 Greenish-yellow needles 129—131 126—131 Unchanged (N, 13-7) 
11-8* 11-7 Orange leaflets 127—140 125—138 bane = (N, 11-9) * 
11-45 Greenish-yellowneedles 98—126 98—126 Dissoc 
10-4 10-15 Deep yellow prisms 142—143 140—144 Unchanged (N, 10-0) * 
11-4 11-45 em oy min- 108—118 108—119 Dissociated 
ute 


When the components of (i) are dissolved together in benzene, the precipitate obtained on 
cooling, according to the proportions employed, is unassociated amine or the efflorescent 
compound C,H,(NO,),,C,H, (Staedel, Annalen, 1883, 217, 193): on the other hand, (c) and (g) 
may be prepared in this solvent if sufficient excess of the more soluble component be introduced, 
and a similar procedure was found to precipitate from alcohol the corresponding compounds of 
naphthalene (cf. Hepp, Joc. cit., pp. 379, 380). 

o-Dinitrobenzene and 2: 6-dinitrotoluene (cf. Kremann and Miiller, Monatsh., 1921, 42, 182) 
and 2: 4: 6-trinitro-m-xylene (cf. Efremov and Tikhomirova, Chem. Absir., 1929, 23, 2349) gave 
no indication of complex formation with this amine. 

1: 2:3: 4-Tetrahydrocarbazole forms a compound with s-trinitrobenzene (red needles, from 
alcohol, m. p. 159—161°) of the usual binary type (Found : N, 14-8. C,H,;O,N3,C,,H,3N requires 
N, 14-6%), and the corresponding picrate (Perkin and Plant, J., 1921, 119, 1831) is of the same 
composition (Found: C,,H,,N, by trituration with dilute aqueous ammonia, 42-4. Calc. 
for CgH,O,N;,C,,.H,,N : C,.H,,N, 42-:7%). 


2: ia: 6-CyHMe(NO,) 
4: C,H,Me(NO,), 
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DISCUSSION. 


No evidence was obtained that any of the compounds (a)—(i) could be obtained 
crystalline with its components in alternative proportion. The variation in molecular 
composition of compounds obtained under similar conditions [cf. particularly (a) and (e)] 
renders it most improbable that the ternary form results from prior association of two mols. 
of keto-amine. 

If such variation be conditioned by the chemical structure of the components, it may be 
relevant that the compounds of s-trinitrobenzene with other cinnamoyl substances like 
coumarin and carbostyril (Sudborough e¢ al., J., 1911, 99, 216; 1916, 109, 1347) are of the 
same type as (a): on the other hand, considering the polynitro-components in the above 
table as derivatives of m- and -dinitrobenzenes, the addition of further nitro- and/or 
methyl groups is associated with changes in molecular composition which bear no simple 
relationship to the nature or position of the entrant groups [e.g., (i) and (a) compared with 
(h) and (b), (a) and (e) with (b) and (f), etc.]. Comparing the compositions of (e) 
and the corresponding picrate, it is further evident that the-addition of “ positive ’’ groups 
has no consistent result ; and the effect of hydroxyl groups in this case is under investigation. 

From recorded data it appears also that the various polynitro-substances do not 
necessarily combine in a fixed ratio with other components capable of ternary compound 
formation. Thus, whereas benzene forms compounds analogous in composition with (a) 
(Hammick, Hills, and Howard, J., 1932, 1530) and with (i) (Staedel, loc. cit.), 4 : 4’-bisdi- 
methylaminodiphenylmethane combines as in (c) with m-dinitrobenzene, but gives a 
binary complex with s-trinitrobenzene (Romburgh, Rec. trav. chim., 1888, 7, 228). 

The relative stability towards thermal and solvent dissociation of (h) is of interest in 
view of Kremann’s assumption (Monatsh., 1911, 32, 609) that a methyl group in the 
0-position to a nitro-group exerts a “‘ steric valence-hindrance ”’ effect : in this compound, 
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978 Cox, Goodwin, and Wagstaff : 


moreover, both nitro-groups appear to be active. It is further notable that (b) recrystal- 
lises unchanged from benzene, although the disparity in solubility (ca. 40:1) of the 
components is very great. 

(f) and (h) are apparently the first recorded instances of 1 : 2 molecular compound 
formation by polynitrotoluenes, and (d) the first compound of this category recorded for 
p-dinitrobenzene. 


Micro-analyses (*) were conducted by Mr. J. M. L. Cameron. The author is further 
indebted to Mr. H. D. MacMurray for assistance with the necessary macro-analyses, and to 
Mr. J. Bruce for specimens of 2 : 5-dinitro- and of 2: 4: 5-trinitro-toluene. 


THE UNIVERSITY OF GLASGOW. [Received, April 18th, 1935.] 





224. The Crystalline Structure of the Sugars. Part I. Simple 
Sugars and Glycosides: Preliminary Data. 


By E. G. Cox, T. H. Goopwin, and (Miss) A. I. WAGSTAFF. 


THE sugars and their derivatives, on account of their importance individually and as 
principal components of many naturally occurring substances, merit close study by X-ray 
methods. The geometrical structure of the molecules, determinable by such methods, 
has considerable bearing on many of their chemical and physical properties, particularly 
of polymerides such as starch and cellulose, and in regard to many of the derivatives (e.g., 
acetone compounds and anhydrides) it is of great interest from the point of view of the 
strain theory. On the other hand, details of the arrangement of the molecules in the crystal 
may be expected to contribute materially to our knowledge of the nature and extent of 
co-ordination or dipole association between hydroxy] and other groups in organic molecules. 
Chiefly owing to the researches of Haworth, Hirst, and their collaborators, the chemical 
structures of most of the sugars and their derivatives have been established beyond the 
possibility of doubt, but even when various assumptions are made regarding valency 
angles and interatomic distances, it is found that any one chemical structure comprises 
several geometrical possibilities. This fact, combined with the lack of any assistance 
from optical data, and the asymmetry of the molecules concerned, intensifies the difficulties 
of determining even the approximate molecular arrangement in any particular crystalline 
compound, while, as is well known, the exact determination by Fourier methods cannot 
be usefully attempted until the approximate structure has been found. Hence, although 
partially successful attempts have been made to suggest the molecular arrangements in 
various crystalline sugars and their derivatives, no great advance has been made, and the 
details of the structures which have been proposed, ¢.g., for cellulose must necessarily be 
regarded as speculative until the geometry of the simpler carbohydrates is better known. 
In this series of papers, we propose, first, to make a comparative survey of the cell 
dimensions and other data which are now available for over 60 compounds: in this way 
certain important general conclusions are obtained which can be applied in special cases 
to determine approximate structures. More detailed examinations of these compounds 
will be reported later, but the present paper records preliminary data for various substances 
which had not previously been examined, viz., sorbose (the constitution of which is not 
yet definitely known), a-galactose (I), «-methylgalactoside (II), «-fucose (III), «-methy]l- 
galactoside-6-bromohydrin (IV), $-methylarabinoside (V), and «a-methylfucoside (VI). 
Details for glucoheptose, lyxose, allose, altrose, ribose, and glucoheptulose (the last four 
made available by the generosity of Prof. W. C. Austin) will be published later. The 
formula for «-d-galactose (I) is written with the correct orientation, whereas the remaining 
formulz, in order to emphasise their relationship to (I), are all oriented in the same way, 
irrespective of their relative configuration; thus (III) strictly represents «-d-fucose, 
although the substance actually examined was «-/-fucose. This is a matter of indifference 
from the crystallographic point of view, since it is impossible to distinguish between d- 
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and /-forms by X-ray methods. It should be noted, further, that since the nomenclature 
of «- and $-forms depends upon the configuration of the last asymmetric carbon atom, 
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pentoses do not necessarily correspond with methylpentoses and hexoses in this respect ; 
thus, B-arabinose is assigned the same configuration as «-fucose and «-galactose. 

X-Ray data have previously been published for a number of simple sugars, viz., 
g-arabinose, «-xylose, and a-rhamnose hydrate (Andress and Reinhardt, Z. Krist., 1931, 
78, 477; Cox, J., 1931, 2313; Z. Krist., 1932, 84, 45), 6-fructose and a-glucose (Hengsten- 
berg and Mark, ibid., 1929, 72, 301), «- and 6-glucose and «-glucose hydrate (Sponsler 
and Dore, J. Amer. Chem. Soc., 1931, 53, 1639; powder photographs only) and 8-mannose 
(Marwick, Proc. Roy. Soc., 1931, A, 181, 621; cf. McCrea, Proc. Roy. Soc. Edin., 1931, 
51, 190, who erroneously described this substance as «-mannose). Various methylglycosides 
have also been studied, viz., «- and $-arabinosides, «- and 8-glucosides (Cox and Goodwin, 
Z. Krist., 1933, 85, 462), «-mannoside (pyranose and furanose forms) (idem, J., 1932, 1844), 
8- and a-xylosides (Cox, J., 1932, 138, 2535) and $-rhamnoside (Braekken, Koren, and 
Sérensen, Z. Krist., 1934, 88, 205). From a chemical point of view, the hydroxyl attached 
to the first carbon atom in a sugar (the reducing group) can be sharply differentiated from 
the remaining hydroxyl groups. It is therefore of interest to study the crystalline methyl- 
glycosides, in which this group only has been replaced, to determine whether any marked 
change in structure of a general nature can be detected. A full discussion will be given 
at a later stage, but from a review of the material now available it already appears highly 
probable that the first carbon atom and its attached group possess special significance 
from a geometrical point of view also. 

Noteworthy among the present results is the excellent example of morphotropism 
presented by @-methylarabinoside (V), «-methylfucoside (VI), and «-methylgalactoside-6- 
bromohydrin (IV). Morphotropic relationships are rare among carbohydrates, since their 
crystalline structures are less dependent upon the mere size and shape of the molecules 
than those of most organic compounds; their hardness, high densities, and high melting 
points suggest that the crystal structure of a sugar is largely determined by the hydroxyl 
groups, which tend to associate to the greatest possible extent, and link the molecules in 
all directions in the lattice, so that the replacement of one group in the molecule by another 
of different size usually necessitates a complete readjustment of the relative positions of 
the hydroxyl groups and therefore of the molecules themselves. In the present case, 
however, it appears that the hydroxylic linking is two-dimensional only, the molecules 
being linked together in sheets, the thickness of which can be changed appreciably without 
otherwise altering the structure. The cell dimensions (in A.) of the three substances are 
as follows : 
Arabinoside (V). Fucoside (VI). | Bromohydrin (IV). 

8°10 9°96 10°58 
7°74 7°87 7°81 
5°89 5-72 2 x 5°62 


These three substances differ only in the groups attached to the fifth carbon atom; the 
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above figures show that the introduction of methyl (VI) or bromomethyl (IV) in place 
of hydrogen in (V) is accompanied only by an expansion of the a spacing, the other lattice 
dimensions remaining nearly constant; moreover, reference to a model shows that the 
dimensions of the molecules (an interval of 3-5 A. being allowed between the carbon atoms 
of neighbouring molecules) in the direction joining the first and fifth carbon atoms cor- 
respond closely with the above values of djg9. Since in the arabinoside the first carbon 
atom carries the methoxyl group, and the fifth only hydrogen atoms, it is to be expected 
that the forces across the (100) plane will be relatively small, and in agreement with this 
it is found that the crystals exhibit good cleavage parallel to {100}. The replacement of 
one of the C; hydrogens by methyl or bromomethyl will reduce still further the cohesion 
across (100), and actually in (VI) and (IV) the cleavage parallel to this plane is perfect. 
Further implications of these results will be considered later in conjunction with other 
data, but it may be pointed out here that this close relation between the «-fucoside, the 
§-arabinoside, and the a-galactoside-6-bromohydrin constitutes very strong confirm- 
ation for the configurations which have been assigned to the groups on the first carbon 
atoms of these glycosides; there appears to be no correspondence whatever between, 
e.g., the crystalline structures of «-methylfucoside and «-methylarabinoside (Cox and 
Goodwin, Joc. cit.). Since criticism has been directed against deductions from rotational 
data, upon which these configurations are chiefly based, it is of especial interest to obtain 
independent crystallographic evidence of this nature. It may be noted, finally, that, 
whereas when one hydrogen atom on the sixth carbon atom of the fucoside is replaced by 
bromine to give (formally) the «-methylgalactoside-6-bromohydrin (IV) the same type 
of structure persists, yet the introduction of the hydroxyl group (which is actually smaller 
than the bromine atom) to form «-methylgalactoside produces an entirely different lattice 
containing water of crystallisation. This is in agreement with the view expressed above 
regarding the special significance of the hydroxyl group in carbohydrate crystal structures. 


EXPERIMENTAL. 


The cell dimensions and space-groups recorded in this and subsequent papers have been 
determined (unless otherwise stated) by means of single-crystal rotation and oscillation photo- 
graphs, with copper K, radiation. The probable error in the cell dimensions is about 4%. 
Densities have been determined (to 1%) by suspension in suitable liquids, and refractive indices 
have been measured to 0-002 by immersion methods, using sodium light. 

a-d-Galactose.—Crystals were prepared by the method of Riiber, Minsaas, and Lyche (J., 
1929, 2173), viz., by pouring a concentrated aqueous solution into boiling alcohol and allowing 
it to cool. The initial specific rotation (-+ 140°) of a sample prepared in this way showed the 
amount of 8-galactose present to be very small. Rapid precipitation gives characteristic thin 
plates similar to those previously described by Ost (Z. anal. Chem., 1890, 29, 651); these plates 
show diagonal extinction with refractive indices 1-569 and 1-530, the latter parallel to the shorter 
diagonal. By slow cooling, larger prismatic crystals are obtained showing the orthorhombic 
combinations {101}, m{210}, and sometimes s{201}; (r: 7’ = 62° 26’, m:m’ = 78° 21’). The 
cell dimensions are a = 12-68, b = 7-78, c = 7-71 A., whence the axial ratios are a: b:¢ = 
1-630: 1: 0-991. The halvings were found to be (00), (020) and (007) halved for h, k, and / 
odd respectively, from which it follows that the space-group is P2,2,2, (Q*). With four asym- 
metric molecules in the unit cell d (calc.) = 1-58 g./c.c. (obs., 1-58). The refractive indices 
are a = 1-530, 8 = 1-56 (approx.), and y = 1-569. The optic axial angle is large, a being 
the acute bisectrix and (001) the plane of the optic axes. The optic sign is negative. 

When the above measurements had been completed, X-ray data for «-galactose were pub- 
lished by Braekken, Koren, and Sérensen (oc. cit.), who found cell dimensions in good agreement 
with our results. ° 

d-Sorbose.—Goniometric data for sorbose were published by Berthelot (Compt. rend., 1857, 
45, 268) and by Pelouze (A nnalen, 1852, 83, 47), who described it as orthorhombic witha : b: ¢ = 
0-3357 : 1: 0-3523. The density is recorded as 1-654 (Berthelot) or 1-612 (de Bruyn and van 
Ekenstein). The specimen used for the present study was prepared (by Mr. J. F. Preston) 
by the action of B. xylinum on sorbitol, and recrystallised from aqueous alcohol. The crystals 
were orthorhombic combinations of m{110} and 7{101}, usually equally developed, but sometimes 
elongated along the c-axis, and occasionally showing the form {130} (m : m’ = 39° 45’, 7:7’ = 
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38° 20’). The cell dimensions are a = 18-01, b = 6-51, c = 6-26 A., the axial ratios being 
a:b:c¢ = 2-766: 1:0-962. The rearrangement of these ratios in the form c:a:b= 
0-347 : 1: 0-361 shows that the crystals used by the earlier investigators were essentially 
the same as those now examined. The space-group is P2,2,2, (Q*), and with four asymmetric 
molecules in the unit cell, d (calc.) = 1-63 g./c.c. (obs., 1-63). The crystals are optically 
negative, the refractive indices being « = 1-553 (parallel to a), 8 = 1-566 (parallel to c), 
and y = 1-572. 

a-1-Fucose—We are indebted to Mr. J. Minsaas of Trondheim for the loan of a specimen 
of this sugar ([«]p — 158°). After numerous attempts at recrystallisation, crystals of sufficient 
size for X-ray examination were obtained from absolute alcohol, but these were so poorly 
developed that the cell dimensions recorded below are accurate only to about 1%. The crystals 
are orthorhombic prisms m{011} terminated by g{101}. The cell dimensions are a = 14:3, 
b = 7-6, and c = 6-6 A., and the space-group is P2,2,2 (Q%).. Although {001} is not halved, 
the first and third orders are very weak. With four asymmetric molecules in the unit cell, 
d (calc.) = 1-52 g./c.c. (obs., 1-49). The minimum and the maximum refractive index are 
1-537 and 1-557. 

8-Methyl-1-avrabinoside.—This substance (m. p. 170°, [a]p -++ 245°) is dimorphous, data for 
an orthorhombic form having previously been published (Cox and Goodwin, Z. Krist., 1933, 
85, 462). The monoclinic variety now described exhibits the forms a{100}, m{110}, and c{001} 
(a: m = 46° 21’); the crystals are elongated in the c-direction and show good cleavage parallel 
to a{100}, which is usually the most prominent form. The cell dimensions are a = 8-99, b = 
7-74, c = 5-89 A.; 6 = 115° 35’, and since {010} is halved, the space-group is P2, (C3). With 
two asymmetric molecules in the unit cell, d (calc.) = 1-47 g./c.c. (obs., 1-46). The refractive 
indices are a = 1-524, 8 = 1-529, y = 1-546. The optic axial angle is 2V = 71°, ¢ being the 
optic normal and b the acute bisectrix; a centred obtuse bisectrix figure is visible through 
a{100}. Since this work was completed Braekken, Koren, and Sérensen (/oc. cit.) have published 
cell dimensions agreeing closely with those above. 

a-Methyl-1-fucoside—We are indebted to Mr. J. Minsaas for a loan of a specimen of this 
substance (m. p. 158°, [a]p — 197°). Recrystallisation from ethyl acetate yielded moderately 
good monoclinic sphenoidal crystals, tabular on a{100}, and exhibiting also the forms m{110}, 
R{1OT}, of111}, and Of{1II}. The forms 7{101}, {011}, w{1I1}, and Q{111} were occasionally 
observed. Cleavage parallel to a{100} is perfect. In the following table the principal inter- 
facial angles determined goniometrically are compared with those calculated from the X-ray 
data. 

Calc. Obs. Calc. Obs. 
a(100) : m(110) 51° 16’ ~=—51° 05’ ee 106° 12’ 105° 40’ 
a(100) : o(111) 56 53 56 54 a(100) : q(011) 79 47 79 38 


a(100) : (101) 51 08 50 45 o(111) : m(110) 43 29 43 30 
) 


a(100) : R(10 70 15 69 37 m(110) : w(111) 92 25 91 57 
The classification angles (T. V. Barker’s system) are: a(100) : r(101) = 51° 08’; 7(101) :c(001) = 
26° 16’; a(100) : m(110) = 51° 16’; 6(010) : g(011) = 54° 41’. The cell dimensions are a4 = 
10-06, 6 = 7-87, and c = 5-72 A., whence a:6:c¢ = 1-277: 1: 0-726; 6 = 102° 36’. The 
space-group is P2,, and with two asymmetric molecules in the unit cell, d (calc.) = 1-33 g./c.c. 
(obs., 1-31). 

The two refractive indices in the plane (100) are 1-488 parallel to c and y = 1-513 (parallel 
to b). The index perpendicular to (100) could not be determined accurately, but apparently 
neither « nor § is greatly different from 1-49, b being the acute bisectrix. The optic orientation 
is thus similar to that of 8-methylarabinoside. 

a-Methyl-d-galactoside Monohydrate.—This substance (m. p. 110°, [a]p + 179°) was studied 
by Reuter (Z. Krist., 1902, 35, 389) who described it as orthorhombic bisphenoidal with axial 
ratiosa:b:c = 0-6225: 1: 1-7418, the forms observed being r{101} and ¢{011} equally developed, 
with s{021} and c{001} less prominent. By a misprint it is recorded in Groth (‘‘ Chemische 
Krystallographie,” 3, 447) as the racemic form. The crystals used for the present investigation 
corresponded with Reuter’s description, but in accordance with the usual convention we have 
re-allotted the axes in the order a>b>c. The cell dimensions are a = 21-33, b = 7-45, and 
c = 6-12 A., whence a:b: c = 2-862: 1: 0-824, Reuter’s recalculated figures being c:a:b = 
2-798: 1:2 x 0-824. The space-group is P2,2,2,, and with four asymmetric molecules in the 
cell d (calc.) = 1-44 g./c.c. The refractive indices are « = 1-522 (parallel to c), 8B = 1-523 
(parallel to b), and y = 1-529 (Reuter, Joc. cit.). " 
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a-Methylgalactoside-6-bromohydrin.—A specimen of this substance ([a]p = + 157°) was 
obtained through the generosity of Dr. F. Valentin, of Prague, who also communicated to us 
the unpublished crystallographic results of Mons. R. Novacek. This worker found the crystals 
to be orthorhombic bisphenoidal combinations of b{010}, c{001}, o{111}, and occasionally a{100} 
and O{11I}; they are elongated along the a axis and exhibit perfect cleavage parallel to b{010}. 
Although the crystals are large and clear, their faces are imperfect, and the axial ratios were 
therefore determined only approximately; a:b:¢c = 0-771: 1: 1-051. The refractive indices 
were found to be « = 1-581, 8 = 1-584, and y = 1-586, the plane of the optic axes being c(001) 
and the a axis the acute bisectrix. 

In accordance with convention, Novacek’s a and ¢ axes should be interchanged; in order 
to bring out the parallelism between this substance and 8-methylarabinoside, however, we have 
interchanged his a and b axes, so that the axial ratios become a:b: c¢c = 1-297: 1: 1-363, 
and the cleavage plane becomes a{100}. The cell dimensions are a = 10-58, b = 7-81, and 
c = 11-23 A., whence a:b: c¢ = 1-354: 1: 1-438, with which the goniometric measurements, 
in view of their approximate nature, are in reasonably good agreement. The space-group is 
P22,2, (Q%), and with four asymmetric molecules in the unit cell, d (calc.) = 1-84 g./c.c. (obs., 
1-86). 


The authors are indebted to the Department of Scientific and Industrial Research for a 
Senior Research Award to one of them (T. H. G.), and to Prof. W. N. Haworth, F.R.S., for his 
interest in the work. 
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225. Dicyclic Derivatives of Simple Aliphatic Ketones. 


By FREDERICK E. KING. 


THE preparation of several ketones, R-[CH,],,*CO-[CH,],°R, where R represents an alicyclic 
residue, is described. Contrary to expectation, they do not possess useful odoriferous 


qualities. 

The new ketones were to be obtained by hydrolysis and decarboxylation of esters of the 
type R-CH(CO,Et)-CO-CH(CO,Et)-R, that is, condensation products of suitable bromides 
and the disodio-derivative of ethyl acetonedicarboxylate. cycloHexyl bromide, however, 
failed to undergo the necessary condensation, and as the desired substances were obtainable 
by dry distillation of the lead salts of appropriate acids, this alternative was adopted. 
Usually the recrystallised semicarbazones were then employed as a source of the pure 
ketones for comparison with the crude products. 

In this way A1-cyclohexenylacetic acid (Wallach, Annalen, 1905, 348, 51) afforded an 
odorous oil consisting largely of a ketone, probably s-di-Al-cyclohexenylacetone, 
CO(CH,"C,H,)o,* which was isolated as the semicarbazone. The preparation was also carried 
out with the thorium salt of the acid, but gave no great advantage. The unsaturated 
ketone was catalytically reduced to s-dicyclohexylacetone, identified by the semicarbazone 
obtained by Wallach (Cenér., 1907, ii, 53), but in passing to the saturated compound an 
appreciable diminution in odour was noticeable. 

Similarly the ketone [probably s-dicyclopentenylacetone, CO(CH,°C;H,).] obtained via 
the semicarbazone from A}-cyclopentenylacetic acid (Wallach, Annalen, 1902, 323, 159) has 
an odour decidedly weaker than that of its cyclohexenyl analogue, and this observation also 
applies to the liquid dicyclopentyl ketone derived from it by catalytic reduction. 

For the preparation of the intermediates required to form the higher aliphatic ketones 
with terminal groups of the cycloparaffin series, a method of more general application was 
chosen, viz., reduction of the corresponding cyclic keto-acids. Thus by means of Clemmen- 
sen’s process cyclopentanone-2-8-propionic acid (Linstead and Cook, J., 1934, 954) was con- 
verted into B-cyclopentylpropionic acid, a liquid forming a well-defined phenylhydrazde, and 

* The position of the double bonds in this ketone cannot be stated with certainty. Owing to the 
possibility of tautomerism the alternative cyclohexylidene structure CO(CH:C,H,,), cannot be excluded, 
and a similar doubt exists in regard to the ketone derived from the cyclopenteny] acid. 
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from its lead salt s-di-8-cyclopentylethyl ketone was obtained, after purification via the 
semicarbazone, as a virtually odourless solid. 


EXPERIMENTAL. 


cycloHexyl Bromide.—The following method is based on the general procedure of ‘‘ Organic 
Syntheses,” Vol. I. A solution containing hydrogen bromide (420 g., d 1-5), concentrated 
sulphuric acid (110 g.), and cyclohexanol (100 g.) was allowed to become hot during the addition 
of a further quantity of sulphuric acid (200 g.)._ After a few minutes the mixture was cooled and 
the reddish oil which had separated was removed, dried over calcium chloride, and distilled, 
cyclohexyl] bromide, b. p. 64°/21 mm., being obtained in more than 90% yield (152 g.) (Found : 
Br, 49-8. Calc.: Br, 49-1%). 

Ethyl acetonedicarboxylate (1 mol.) and cyclohexyl bromide (2 mols.), dissolved in an absolute 
alcoholic solution of sodium (2 mols.), were refluxed on a steam-bath for 2—3 hours; although 
quantitative precipitation of sodium bromide occurred, no condensation product was isolated 
and an appreciable amount of the ester was recovered. 

s-Di-A}-cyclohexenylacetone.—The addition of A1-cyclohexenylacetic acid (10 g.), dissolved in 
30% aqueous sodium hydroxide (30 c.c.), to a solution containing lead acetate (15 g.) gave a 
sticky solid, which hardened when triturated with water. The dry lead salt was mixed with 
copper powder and heated under diminished pressure, a plug of glass wool in the neck of the flask 
preventing the escape of solid into the receiver. Redistillation of the product (3—3-5 g.) gave a 
greenish-yellow oil, b. p. 160—170°/12 mm., having a sharp but distinctly fragrant odour. The 
semicarbazone formed from it crystallised from alcohol in rhombic leaflets, m. p. 111° (Found : 
C, 69-6; H, 9-0. C,.H,;ON; requires C, 69-8; H;9-1%). Hydrolysis with warm 25% sulphuric 
acid gave the unsaturated ketone as a yellow oil, b. p. 165°/12 mm., identical in odour with the 
crude material (Found : C, 82-3; H, 10-1. C,;H,,O requires C, 82-6; H, 10-1%). 

s-Dicyclohexylacetone.—A solution of the unsaturated ketone (0-8 g.) in alcohol (10 c.c.) was 
shaken with palladium chloride (0-1 g.) in hydrogen, 165 c.c. (theo. vol.) of which were absorbed 
within an hour. The filtered solution on evaporation gave colourless dicyclohexylacetone. 
Although obtained by Wallach (/oc. cit.) from calcium cyclohexylacetate, this ketone has not been 
described. Its odour resembles that of its unsaturated precursor, but is less powerful. The 
semicarbazone crystallised from light petroleum in colourless prisms, m. p. 149—150° (Wallach, 
loc. cit., gives 142—145°) (Found : C, 68-9; H, 10-5. Calc. for C,,H,,ON,: C, 68-8; H, 10-4%). 

s-Dicyclopentenylacetone.—The action of lead acetate (17 g.) on an aqueous solution contain- 
ing A!-cyclopentenylacetic acid (10 g.) and sodium hydroxide (3-2 g.), as with the cyclohexenyl 
acid, gave a viscous lead compound. The new salt was, however, somewhat easily fusible, and 
no efficient mixing with copper powder before vacuum distillation was required. The bulk of 
the product (2-8 g.) distilled below 180°/14 mm., and was a yellow liquid with an odour closely 
resembling that of its counterpart in the cyclohexyl series, although neither so sharp nor intense. 
The semicarbazone crystallised from alcohol in long rectangular plates, m. p. 140° (Found: C, 
68-2; H, 8-5. C,,H,,ON; requires C, 68-0; H, 8-5%). The ketone liberated from this deriv- 
ative by warm 25% sulphuric acid was a pale yellow oil, b. p. 139°/12 mm. (bath temp. 155°), 
retaining the odour characteristic of the unpurified liquid. 

s-Dicyclopentylacetone.—When shaken in hydrogen in the presence of palladium chloride 
(0-15 g.), an alcoholic solution (10 c.c.) of the foregoing unsaturated ketone (1 g.) absorbed 236 
c.c. of the gas in 50 minutes. After filtration, the solvent was evaporated, and the residue 
distilled. s-Dicyclopentylacetone is a colourless liquid, b. p. 132°/11 mm. (bath temp. 150°), 
resembling ethyl benzoate in odour (Found: C, 80-2; H, 11-1. C,,;H,,O requires C, 80-4; H, 
11-3%). The semicarbazone crystallised from light petroleum, containing a little benzene, in 
colourless needles, m. p. 155—156° (Found: C, 66-8; H, 9-9. C,,H,,ON; requires C, 66-9; 
H, 10-0%). 

Ethyl cycloPentanone-2-carboxylate-2-8-propionate.—This keto-ester was prepared by the 
following method shortly before the appearance of Linstead and Cook’s paper (J., 1934, 953). 
The sodium derivative of ethyl cyclopentanone-2-carboxylate (80 g.) was prepared by gentle 
heating with pulverised sodium (11-5 g.) in toluene (120 c.c.), ethyl B-iodopropionate (J., 1934, 
1903) (115 g.) slowly introduced, and the reaction completed by warming at 100° for 30 minutes. 
After the addition of water, the toluene layer was dried over calcium chloride and distilled, the 
ester (86 g.) having b. p. 172°/12 mm. (Found: C, 61-0; H, 7-9. Calc. for C,;H,O,: C, 60-9; 
H, 7-9%). 

cycloPentanone-2-B-propionic Acid.—When preparing the related acetic acid, Linstead and 
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Meade (J., 1934, 940) confirmed the observation of Kétz (Annalen, 1906, 350, 238) that relatively 
long treatment of the intermediate keto-dicarboxylic ester with boiling acid is necessary, and 
Linstead and Cook (loc. cit.) decomposed the foregoing propionic ester by heating with concen- 
trated hydrochloric acid for 9 hours. When it was heated with hydrochloric acid (20 c.c.) and 
water (15 c.c.) under reflux, however, hydrolysis and decarboxylation were complete in 35 
minutes. The clear solution was evaporated to dryness under diminished pressure, and the 
residual syrup distilled, cyclopentanone-2-8-propionic acid (7-5 g.), b. p. 176—178°/12 mm., form- 
ing a solid mass, m. p. 30° (Found: C, 61-2; H, 7-9. Calc. for CgH,,0,: C, 61-5; H, 7-7%). 

6-cycloPentylpropionic Acid.—A mixture of the keto-acid (20 g.), amalgamated zinc (100 g.), 
and concentrated hydrochloric acid (110 g.) was heated under reflux for 24 hours, a further 
addition of hydrochloric acid (50 g.) being made after 16 hours. Water and ether were then 
added, and the extracted oil was distilled under diminished pressure, 6-cyclopentylpropionic 
acid (13 g.) collecting as a colourless liquid, b. p. 135°/15 mm. (Found : C, 67-4; H, 9-8. C,sH,,0 
requires C, 67-6; H, 9-9%). The phenylhydrazide, obtained by heating the acid with an equi- 
valent of phenylhydrazine for 10 minutes at 130—140°, crystallised from alcohol in nacreous 
plates, m. p. 162° (Found : C, 72-3; H, 8-6. C,H ON, requires C, 72-4; H, 8-6%). 

s-Di-B-cyclopentylethyl Ketone.—The addition of lead acetate (20 g.), dissolved in water (100 
c.c.), to an aqueous solution of 8-cyclopentylpropionic acid (14 g.) and sodium hydroxide (4 g.) 
precipitated a lead salt, which could be recrystallised from a moderate volume of alcohol. The 
purified material, mixed with copper powder, was divided into two batches and distilled in the 
usual manner. By redistillation of the product a colourless liquid (4-5 g.) was obtained, b. p. 
ca. 177°/13 mm., which yielded a semicarbazone that crystallised from alcohol in stout prisms, 
m. p. 91° (Found: C, 68-8; H, 10-6. C,,H,,ON,; requires C, 68-8; H, 10-4%). The heione 
recovered from the purified derivative as an almost odourless liquid, b. p. 182°/15 mm.., solidified 
to colourless crystals, m. p. 25°. 


The author thanks Imperial Chemical Industries Ltd. for a grant. 
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226. Influence of Substituents on the Additive Reactivity of Ethylene 
Derivatives. Part II. Effects of Catalysts on the Relative Rates 
of Addition of Bromine. 


- By S. V. ANANTAKRISHNAN and CHRISTOPHER K. INGOLD. 


THE object of these researches is to determine, first, the effect of a single group, R, on the 
rate of reaction of R-CH:CH, towards addenda, and secondly, the rules under which such 
effects are compounded when several R’s are simultaneously attached to the group C:C. 
When the electronic classification (nucleophilic or electrophilic) of the reagent is known, 
the influence on reaction rate should be capable of correlation with the modes of electron 
displacement characteristic of R. 

Part I (Ingold and Ingold, J., 1931, 2354) commenced a study, which this paper con- 
tinues, of the reactivity of ethylene derivatives towards the unambiguously electrophilic 
reagent, bromine. It was shown that the effect of substituents, R, could not in general 
be deduced by analogy with other reactions (tautomerism, aromatic substitution, etc.), 
because the polarisation and polarisability of a group contribute with different relative 
weights for every reaction, and it is impossible to tell in advance how these factors should 
be weighted in the addition reaction with bromine. It was also shown that the intrinsic 
effects of R’s when present singly could not in general be deduced by an analysis of results 
for compounds in which several R’s are present together: two activating groups could 
jointly deactivate, and vice versa. Theory defines the scope of these ambiguities, and it 
happens that most known results are affected by them. Therefore the authors of Part I 
sought to establish the fundamental relationships concerning group influence in the bromine 
addition reaction by choice of the proper examples, which, however, are not convenient for 
the purpose of detailed kinetic measurement. Accordingly, recourse was had to the com- 
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petitive method, which can be applied to these rapid reactions and is also useful in elimin- 
ating many difficultly controllable catalytic influences. Provided that side reactions be 
absent, the method is valid in proportion as this elimination is perfect ; but there are con- 
ceivable types of catalysis for which it would be perceptibly imperfect, and the difficulty 
is to know whether any of these types are present. In Part I the conditions of validity 
were stated, but it could not be proved that ethylene and its simple derivatives fulfilled 
them: the position was simply that nothing was known to the contrary. The object 
of this paper is to consolidate the conclusions of Part I by means of a special investigation 
of this question. 

The addition of bromine to ethylene and its simple derivatives is carried out in the dark, 
and in methylene chloride as inert solvent. (There is no known gaseous addition of 
bromine to olefins.) The competitive method consists in introducing the bromine into a 
solution of two olefins (with certain restrictions as to proportions and method of mixing), 
and calculating the ratio of the rates from the proportions of the products of the completed 
reaction. The formula for this calculation is obtained from the differential equation, 
dy /dx = k,(y. — y)/kz(x. — x), where x and y are concentrations of the olefins and the 
zero suffix refers to zero time.* The formula holds provided only (1) that no serious pro- 
portion of any olefin is consumed in side reactions, (2) that the addition is of first order with 
respect to olefin, (3) that the addition is governed by not more than one independent catalyst 
or group of catalysts. Conditions (1) and (2) are known to be fulfilled (Plotnikow, Z. 
phystkal. Chem., 1905, 58, 605; Herz and Mylius, Ber., 1906, 39, 3816; Hofmann and 
Kirmreuther, Ber., 1909, 42, 4481; Sudborough and Thomas, J., 1910, 97, 715, 2450; 
Briiner and Fischler, Z. Elektrochem., 1914, 20, 64; Davis, J. Amer. Chem. Soc., 1928, 
50, 2769; Williams and James, J., 1928, 343; Part I, loc. cit.; James and Robinson, 
J., 1933, 1453); condition (3) is the difficult one to guarantee. 

We were led to return to this question by Williams’s discovery (J., 1932, 2911) that the 
reaction between ethylene and bromine in carbon tetrachloride in the dark is autocatalytic ; 
it has a definite period of induction. Williams showed that hydrogen bromide, traces 
of which are produced in the course of addition, is a very powerful catalyst. 

There can be no doubt that this observation is of general importance for the addition 
of bromine to olefins in non-hydroxylic solvents. Reviewing Plotnikow’s experiments 
on the reaction between bromine and ethylene in ether at or near — 100°, we find good 
bimolecular velocity constants for most of the individual experiments; but the constants 
varied from one experiment to another, and in one case a low but rising constant was 
obtained. We assume that the controlling factor was the hydrogen bromide in commercial 
bromine, and that in the last-mentioned experiment the bromine was more nearly pure than 
usual. James and Robinson obtained good bimolecular constants for the addition of 
bromine to the cinnamic acids in carbon tetrachloride provided that sufficient hydrogen 
bromide was added initially. Briiner and Fischler realised bimolecular kinetics for the 
reaction between bromine and ethyl cinnamate in solution by the use of other initially 
added catalysts, iodine monobromide and antimony tribromide. We have verified that 
the phenomena observed by Williams for ethylene in carbon tetrachloride also occur in 
ethylene chloride, although the periods of induction are somewhat shorter in this solvent. 

The importance of autocatalysis in relation to the fulfilment of condition (3) is this : 
During the induction stage the question of fulfilment obviously does not arise; and during 
the final, rapid stage condition (3) must be satisfied, because the instantaneous rate constants 
of simultaneous autocatalytic reactions (all other cases are trivial) must eventually 
diverge ; it is whilst the speed is passing through the smaller of the values associated with 
an appreciable amount of total reaction that we cannot be sure of the fulfilment of 
condition (3). 

A method of avoiding this uncertainty is, of course, to add sufficient hydrogen bromide 
initially to mask the autocatalytic reaction : condition (3) is then satisfied. 

We have determined the approximate rate of the autocatalytic reaction of ethylene and 


* The solution of this equation is wrongly stated in Part I, but the results were calculated with 
the correct solution, as can be verified from the figures given. 
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bromine in methylene chloride, and also the approximate catalytic activity of hydrogen 
bromide. These data give the order of the amount of initially added hydrogen bromide 
necessary for the masking of the autocatalytic reaction. The corresponding rate is too great 
for accurate measurement by the direct method, but is well within the range of the com- 
petitive process, which begins to fail only at speeds comparable with the speed at which 
two liquids can be mixed. 

We have re-investigated two of the comparisons described in Part I, #.¢., (a) the com- 
petition between as.-dimethylethylene and ethylene, and (b) that between styrene and 
ethylene. Table I contains the proportions in which the bromides were formed in the 
presence of initial quantities of hydrogen bromide ranging from nil to much more than 
was required to mask the autocatalytic reaction. For each set of experiments the results 
are practically the same, and they are identical with those recorded in Part I to within 
the limits of experimental accuracy. This seems to mean that condition (3) is in fact 
fulfilled throughout the whole of the autocatalytic process, although we could not have 
expected it a priori. It is possible also, however, that the accuracy of the results of Part I 
was further safeguarded through failure to remove the last traces of hydrogen bromide 
from the bromine; for the method of purification then used was less rigorous than that 
which we have employed. We have also carried out a competition not described in Part I, 
viz., (c) that between trimethylethylene and propylene. Preliminary experiments had 
shown that quinoline is a powerful catalyst for the addition of bromine to olefins, small 
traces destroying the period of induction in the reaction with ethylene. Since the presence 
of sufficient quinoline automatically ensures the absence of any hydrogen bromide, catalysis 
by quinoline can evidently be made to satisfy condition (3). The competition between 
trimethylethylene and propylene was therefore carried out first in the presence of initially 
added hydrogen bromide, and secondly in the presence of quinoline; the results were 
identical to within the limits of analytical accuracy (Table I). In all these experiments 
the two olefins in competition were initially present in approximately equal proportion ; 
a correction for the slight departures from equality has been applied to the observed 
compositions of the products in order to obtain comparable figures for record in Table I. 
The numerical particulars from which these figures are derived are set out in Table II. 


TABLE I. 
Initial Mol. proportion (X = 1) Proportion of YBr, (corr.). 
mol. concn. of catalyst. This paper. 
Olefins. . of X. HBr. C,H,N. Mols. %. Mean. Part I. 
Y = CMe,:CH 0°32 wane 83-4 = egg nigh 
(a){ X= ried} { 0°18 00027 g2-5f 880405 818+ 36 
( 0°30 - 73°5 
Y = CHPh‘CH 0-12 0:0032 76-0 sae Ni Po 
wx = CH<H, 0-31 0-0038 ef M@2t bl 356415 
0:27 00078 74:7 
88-7 


{x = CMe,:CHMe ) 0°32 00019 wee 
()\X = CH,CHMe f {0°34 ~ 00038 90°7 


89°7 + 1°0 _ 


The new experiments were carried out in methylene chloride at — 78°, whilst in Part I 
the solvent was the same but the temperature was — 35°. It would appear from the com- 
parison in Table I that the ratio of the velocities of addition is not a sensitive function of 
temperature. 

It is noteworthy that all the known catalysts for the addition of bromine to olefins in 
solution—iodine monobromide, antimony tribromide, hydrogen bromide, and quinoline— 
are themselves capable of forming dibromides. 


EXPERIMENTAL. 


Materials.—Ethylene, prepared according to Weber and Walton (J. Physical Chem., 1930, 
34, 2693), was purified by passage through 10% aqueous potassium hydroxide, and concentrated 
sulphuric acid, dried with phosphoric oxide, liquefied, and fractionally distilled, with neglect 
of head and tail fractions. as.-Dimethylethylene, prepared as described by Davis (loc. cit.), 
was dried as gas by means of copper sulphate, liquefied, and carefully fractionated (b. p. 65°). 
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Commercial trimethylethylene and styrene were dried and freshly fractionated before each 
experiment. A.R. Bromine was dried by shaking with sulphuric acid for several hours, distilled, 
fractionally frozen four times, out-gassed in a high vacuum at — 78° several times (the product 
being melted and resolidified between each evacuation), and distilled over freshly fused potassium 
bromide in a strongly baked-out all-glass still, with neglect of considerable head and tail fractions. 
Commercial methylene chloride was dried with phosphoric oxide and distilled. 

Dark Reaction between Ethylene and Bromine in Methylene Chloride.—Solutions of the 
reagents in methylene chloride, brought to 18° in dark brown bottles, which had been cleaned 
with alkali and chromic acid and well steamed, were mixed; and samples were withdrawn and 
delivered into potassium iodide solution with a darkened pipette. The consumption of bromine 
was followed by thiosulphate titration. The concentration of the original bromine solution 
was similarly determined, and that of the original ethylene solution was obtained from the asymp- 
totic consumption of bromine, which was always employed in excess. Examples are given below 
of an autocatalytic reaction and of one deliberately catalysed by the addition of hydrogen 
bromide. 

Autocatalytic reaction (18°). Catalysis by added hydrogen bromide (18°). 
Concn. of C,H, = 0:0101M. Concn. of C,H, = 0°0275M. 
- Br, = 0°100M. és Br, = 0°0351M. 
Initial concn. of HBr = zero. Time, mins. C,H, reacted, %. 
Time, mins. C,H, reacted, %. g 0-0 
0-7 0:0 2°0 0-0 
4:0 ‘ (4:0; HBr added = 0:00010M] 
11°0 5:0 37°3 
30°0 ‘ 70 58°8 
10°0 74°5 
30°0 98-0 

Competition of Olefins for Bromine in Methylene Chloride.—The apparatus, general procedure, 
and detailed methods were exactly as described in Part I, except that refractometric analysis 
of the dibromides was used where possible to check ultimate analysis, and that where necessary 
the mixtures of dibromides were completely distilled in a vacuum with liquid air as refrigerant 
in order to avoid loss. In the experiments with trimethylethylene, refractometric analysis 
only was employed, ultimate analysis being unsuitable. The linearity of refractive index with 
respect to molar composition was experimentally confirmed for each of the mixtures of dibro- 
mides analysed in this way. The results are in Table II (X = C,H, or C,H, as given in Table I). 


TABLE II, 


Initial mol. Mol. proportion (X = 1) of Compn. of dibromides, 
concn. of X. : A Br,. Catalyst. mols. % of YBr,. 

0°320 0-980 0°365 —- 83:1 

0°183 17110 0°374 0°0027 * 84-0 

0°304 1015 0°420 — 73°9 

0-115 1-027 0°415 00032 * 76°5 

0°308 0°973 0°380 0°0038 * 72°3 

0°265 0°962 0°390 0°0078 * 74°1 

0°318 1-055 0°303 0:0019 * 89°2 

0°339 0-960 0-420 0°0038 f 90°3 


* Hydrogen bromide. ¢t Quinoline. 
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227. Dipole Moment and Molecular Structure. Part XIV.* 
2 : 2’-Difluorobisdiphenylene-ethylene. 
By ERNST BERGMANN. 


HrrHERTO only one of the two theoretically possible geometrical isomerides has been detected 

in the fulvene series, ¢.g., in 2: 2’-disubstituted bisdiphenylene-ethylenes, (I) and (II) ; 

and it is of interest to determine whether this has the cis- or the ¢vans-configuration. If the 
* Part XIII; Z, physikal. Chem., 1932, B, 19, 389. 
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substituents X are polar, one would expect (II) to be more favoured. A convenient method 
for deciding the question is the measurement of the dipole moment, since for (I) this is 
equal to the sum of the substituent moments, whereas for (II) it is equal to their difference, 


oF Tea 


\ 
9C—=C9’ 
yo. ees 
\ / 
X xX X 
(I; cts-.) 


i.e., zero in this case. [The small deformation of the diphenyl system caused by the ring 
closure of the fluorene nucleus (Mills, Palmer, and Tomkinson, -J., 1924, 125, 2365; Berg- 
mann, Engel, and Hoffmann, Z. physikal. Chem., 1932, B, 17, 95) may be neglected here, 
since it does not markedly affect the values. ] 

2 : 2’-Dinitrobisdiphenylene-ethylene (Bergmann, Hoffmann, and Winter, Ber., 1933, 
66, 46) and some analogous substances were too sparingly soluble in non-polar solvents, 
but the 2 : 2’-difluoro-compound was suitable. It was readily synthesised by the action 
of molecular silver on a boiling xylene solution of 9 : 9-dichloro-2-fluorofluorene. Its dipole 
moment was 2-51, decidedly nearer to that of the cis-configuration, which requires 2-90 = 
2 x 1-45 (Bergmann, Engel, and Sandor, Z. physikal. Chem., 1930, 10, 106 ; the data of 
Bergmann, Engel, and Hoffmann, Joc. cit., show that the substituent moments of such 
compounds are not seriously affected by the trunk of the molecule). This result is rather 
surprising, but is in unison with the facts that cis- is more stable than trans-dichloroethylene 
(Ebert and Buell, Z. physikal. Chem., 1931, A, 152, 451) and that the diarylmaleic acids 
have a lower energy content than the corresponding fumaric compounds (Ramart-Lucas 
and Hoch, Compt. rend., 1926, 189, 696). 


EXPERIMENTAL. 


The determination of the electronic polarisation (Pg) for highly coloured substances could 
not be carried out in the usual way, partly because of the impossibility of evaluating the refractive 
index of their solutions with the Zeiss interferometer, and partly because the electronic polaris- 
ation is strictly. equal to the molecular refraction only for colourless substances. Therefore 
(cf. Bergmann, Engel, and Sandor, Ber., 1930, 63, 2572) we determined the total polarisation 
(P) of the unsubstituted bisdiphenylene-ethylene, in which, since there is no electric moment, 
P depends solely on the electronic polarisation. (The atomic polarisation, P,, is neglected, as 
usual, for our comparison purposes; it is, moreover, theoretically reasonable to do so.) Sub- 
traction of the refractive equivalent for two hydrogen atoms and addition of that for two fluorine 
atoms (0-997; Schiemann, Naturwiss., 1931, 19, 706; Z. physikal. Chem., 1931, A, 156, 387) 
gives the desired Py for the fluoro-compound, viz., 109-76. 

In the following table, c is the molar fraction, M the average molecular weight, p the density, 
e the dielectric constant, P, the total polarisation of the solution, P the total polarisation of the 
solute, and Po the orientation polarisation, which is extrapolated graphically for infinite dilution 


(Po”). 


(II; trans-.) 


Bisdiphenylene-ethylene in benzene; t = 16°0°. 
c. mM. p- €. Pj. P. 
0 78 0°8833 2°2920 26-5806 — 
0°01447 -81°617 0°9061 2°3384 27°7881 110°03 
0°01854 82-634 09125 2°3518 28°1307 110-20 
0°02252 83°629 0°9188 2°3641 28°4507 109°64 


2 : 2’-Difluorobisdiphenylene-ethylene in benzene; t = 14°7°. 
0 78 0°8849 2°2946 265706 —_ 
0°00725 80°072 0°8905 2°3649 28°1181 240°16 


0°00959 80°741 0°8962 2°3824 28°4187 219°37 
0°01201 81-435 0°8991 2°4064 28°9087 221-24 


Po” = 135; p = 2°51. 
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Synthesis of 2: 2’-Difluorobisdiphenylene-ethylene.—9 : 9-Dichloro-2-fluorofluorene (1-5 g.) 
was heated with silver powder (3-75 g.) in xylene (20 c.c.) for 12 hours, the filtered solution 
evaporated in a vacuum, and the crystalline residue (0-8 g.) twice recrystallised from amyl 
alcohol; fine red needles, m. p. 226—227°; yield 0-5 g. (Found: C, 86-0; H, 4:0. C,.H,,F, 
requires C, 85-7; H, 3-9%). The occurrence of traces of this substance has already been ob- 
served by Bergmann, Hoffmann, and Winter (loc. cit.) in similar experiments. 

Bisdiphenylene-ethylene.—9 : 9-Dichlorofluorene (14 g.) and copper-bronze (28 g.; ‘‘ Natur- 
kupfer C ’’) were heated in benzene (200 c.c.) for 20 hours, and the product worked up as before ; 
yield 3-3 g.; m. p. 189° (see Schmidt and Wagner, Ber., 1910, 43, 1796). 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. 
[Received, March 6th, 1935.] 





228. Dipole Moment and Molecular Structure. Part XV. The Spatial 
Configuration of the Allene System. 


By ERNsT BERGMANN and G. C. HAMPSON. 


AmoncGst the conclusions of the classical theory of the tetrahedral carbon atom, there is one 
that has hitherto had no experimental verification, viz., that an allene derivative of the 


type estate should be resolvable into optical enantiomerides owing to the fact 


that the geometrical distribution of the valencies should cause the two pairs of sub- 
stituents to lie in two different planes perpendicular to each other. 

For the combination of one double bond with a planar ring system, van ’t Hoff’s con- 
clusion has been confirmed experimentally by many workers (e.g., Perkin, Pope, and 
Wallach, Annalen, 1909, 371, 180; J., 1909, 95, 1789; 1911, 99, 1510; Mills and Bain, 
J., 1910, 97, 1866; 1914, 105, 64; Mills and Schindler, J., 1923, 123, 312; Mills and 
Saunders, J., 1931, 537; for theoretical treatment, see Dunkel, Z. physikal. Chem., 1930, B, 
10, 450), but failure to realise enantiomorphism of the type under discussion has been 
reported, e.g., by Hurd and Webb (J. Amer. Chem. Soc., 1927, 49, 546), Ziegler and Sauer- 
milch (Ber., 1930, 63, 1851), and Faltis, Pirsch, and Berman (Ber., 1927, 60, 1621; 1930, 63, 
691). The last authors, in view of the failure of all these efforts, suggested that, contrary to 
van ’t Hoff’s theory, one should consider the allene system as a simple planar system of the 
ethylene type, affording, therefore, not enantiomorphic forms of the above derivatives, but 
geometrical isomerides, since all the four substituents were assumed to lie in one plane. 

In spite of the fact that Faltis, Pirsch, and Berman’s experimental data have been proved 
incorrect by Ingold and Shoppee (J., 1930, 1619), we thought it desirable to obtain more 
exact experimental evidence about the spatial arrangement of the allene system. In 
favour of Faltis’s view one could argue that in the Raman spectrum of the allene system 
(Bourguel and Piaux, Compt. rend., 1931, 193, 1333) the characteristic lines of ordinary 
double bonds could not be observed; but, as Cabannes and Rousset (ibid., 1932, 194, 706) 
pointed out, that effect would be expected on theoretical grounds, and moreover, investig- 
ation of allene by means of the method of electron diffraction (Wierl, Ann. Physik, 1932, 
13, 460) has shown that the distance between the doubly-bound carbon atoms in the mole- 
cule is the normal ethylenic one. 

The problem could be solved by measurements of dipole moments, for it is clear that in 
ay-di-(p-bromophenyl)-«y-diphenylallene (III), the moment of which is due entirely to that 
of the phenyl—bromine link (see below), that moment depends upon whether the phenyl- 
bromine valencies lie (a) in two mutually perpendicular planes (classical model) or in one 
plane (5) in the same or (c) in opposite directions. In the first case, suppose the planes are 
inclined at an angle ¢ to one another (¢ on the classical model is 90°). In order to derive 
an expression for the dipole moment of the substituted molecule, we must assume that the 
allene system itself does not contribute to the dipole moment. In support of this, tetra- 
phenylallene (I) has zero dipole moment and #-chlorotetraphenylallene (II) has the dipole 
moment 1-55 D, i.e., the ordinary aromatic chlorine value. If § is the moment of the 
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phenyl-bromine linkage (the dipole moment & of bromine is 1-49 for aromatic and olefinic 
linkages; Bergmann, Engel, and Sandor, Z. physikal. Chem., 1930, B, 10, 106), and 6 the 
angle between the two benzene rings which are linked to the same carbon atom, then the 
polar co-ordinates of the two bromine atoms are given by 


(1) &, 40,0; (2) , 180° — 30, 
and the ordinary co-ordinates by 

(1) € sin 36, 0, € cos 40; (2) € sin 46 cos ¢, — Esin 40 sin ¢, — — cos 40. 
The dipole moment » follows as usual from the equation 


yu? = & sin? $6 (1 + cos ¢)? + & sin® $0 sin? ¢, 
it, u = Esin 40+/2(1 + cos 4). 
Evaluation of the three possibilities of configuration (above) gives : 


(a) classical model, ¢ = 90°, u = +/2£ sin 30; 

(6) Faltis’s model, cis-configuration, 6 = 0°, » = 2€ sin 46; 

(c) Faltis’s model, trans-configuration, ¢ = 180°, » = 0. 

In order to obtain the final figures we must know the value of 6. This can be derived 
from the dipole moment of «a«-di-(p-chlorophenyl)-yy-diphenylallene (IV), since this 
moment is due to two phenyl-chlorine moments (1-55) inclined at an angle 6. We found the 
moment 1-57 D; 6 is therefore 119°. 

The moments of wy-di-(p-bromopheny])-«y-diphenylallene (III) to be expected with this 
value of 6 are 1-85, 2-62, or 0 for cases (a), (6), and (c) respectively. The experimental 
value is 1-92, which strongly supports van ’t Hoff’s orthodox stereochemical view. 


(.) CPh,!C:CPh, C,H,CI-CPh:C:CPh, (II) 
(II.) CgH,Br-CPh:C:CPh-C,H,Br C(CgH,Cl)g:C:CPh, IV.) 


A widening of the angle 6 beyond the normal tetrahedral value of 109-5° is to be expected 
a priori, from the Thorpe-Ingold valency-deflexion hypothesis (J., 1921, 119, 305), when two 
of the carbon valencies are engaged in forming a double bond. For the formaldehyde 
molecule, indeed, an angle of 120° between the carbon—hydrogen bonds has to be assumed 
from spectroscopic evidence (see Stuart, ‘‘ Molekiilstruktur,” Berlin, 1934, p. 83). Other 
compounds which resemble the allenes in that the substituents on one side of the molecule 
are very bulky, and those on the other (corresponding to the middle carbon atom of the 
allene molecule) very small, such as benzophenone (Bergmann, Engel, and Meyer, Ber., 
1932, 65, 446), as.-diphenylethylene and as.-dichloroethylene (Errera, Phystkal. Z., 1926, 27, 
764; Bergmann and Engel, Z. physikal. Chem., 1930, B, 8, 127), give a value of 130° for 6 
from dipole-moment determinations, although by the method of electron diffraction (Wier], 
loc. cit.) the last gives a value of 110°. Possibly the calculation of the angle in this com- 
pound from dipole-moment data is rendered inaccurate by electrical forces of unknown 
nature. On the other hand, further investigation of the Cl-Cl distance may give a greater 
value, which would correspond better to the dipole moment observed, as well as to the 
theoretically expected value. 

The system of carbodianil, C,H,,N—C—N-C,H,, although similar to that of tetra- 
phenylallene, has a very marked dipole moment (1-89; #’-dimethyl derivative 1-96; 
Bergmann and Schuetz, Z. physikal. Chem., 1932, B, 19, 389). It follows (i) that the 
molecule is not linear—actually, the usual stereochemical behaviour of nitrogen would not 
be in accordance with such a structure; and (ii) that the dipole moment is due to the 
polarity of the N-Ph bond, whilst the C-Ph bond has no marked polarity. 

Since, therefore, we can consider carbodianil as analogous, in respect of its dipole 
properties, to ay-di-(p-bromopheny])-«y-diphenylallene, the formula given above applies 
to the nitrogen compound too. Assuming the value of the N-Ph moment to be — 1-34 
(see, e.g., Sutton, Trans. Faraday Soc., 1934, 30, 794) and the angle between the C-N and 
the N-Ph bond to be 120°—which corresponds to « = 120°, and is therefore nearly identical 
with the value used above—the theoretical moment for carbodianil would be 1-64, and for 
its pp’-dimethyl derivative 2-13. The value for the N-(f-tolyl) bond is assumed to be 
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— 1-74. The correspondence of the values is sufficient; the minor differences may be due 
to an error in the value for the N-Ph bond. In any case, it follows that the structure of the 
carbodianil, too, supports the classical van ’t Hoff theory. 

[Note, added in proof.| Maitland and Mills (Nature, 1935, 185, 994) have recently 
described the resolution of ay-diphenyl-«y-di-(«-naphthyl)allene, thus also supporting the 
classical theory of the tetrahedral carbon atom. 


EXPERIMENTAL, 


Tetraphenylallene (I) and its a«-di-p-chloro-derivative (IV) were prepared by the methods of 
Vorlander and Siebert (Ber., 1906, 39, 1024; cf. Schlenk and Bergmann, Amnalen, 1928, 463, 
234) and of Bergmann, Hoffmann, and Meyer (J. pr. Chem., 1932, 135, 245) respectively. The 
allenes (II) and (III) were prepared according to the following scheme, due to Vorlander and 
Siebert (loc. cit.) : 

P MgRBr MgPhBr 
CHPh:CH-CO-C,H,X ——-> CHPhR:CH,°CO-C,H,X ——-+> CHPhR:CH,°CPh(OH)-C,H,X 
| 14,0 
CPhR:C:CPh-C,H,X << CHPhR-CHBr-CPhBr-C,H,X <* CHPhR-CH:CPh-C,H,X 

(a) R= Ph; X = £-Cl, giving (II). (b) R= p-C,H,Br, X = p-Br, giving (III). 

(a) p-Chloroacetophenone, b. p. 152°/12 mm., was prepared according to the method of 
Straus and Ackermann (Ber., 1909, 42, 1812). This ketone (61-6 g.), benzaldehyde (42-4 g.), and 
absolute alcohol (40 c.c.) were cooled to — 22° and slowly mixed with a cold solution of potassium 
hydroxide (12 c.c. of a 20% methyl-alcoholic solution and 17 c.c. of alcohol); the orange-red 
coloration disappeared at once, and the whole mass crystallised; it was then sucked dry, washed 
with water, and recrystallised from alcohol; m. p. 98-5°; yield 80 g. (Found: Cl, 14-3. Calc. for 
C,,;H,,OC1: Cl, 14-4%) (see Allen and Frame, Chem. Zenir., 1932, ii, 3880). 

p-Chlorophenyl BB-diphenylethyl ketone. The above chalkone (60 g.) was treated with the 
Grignard solution prepared from magnesium (7-2 g.) and bromobenzene (47 g.); the violent 
reaction was completed by heating for 1} hours. On decomposition with ice and sulphuric acid, 
the product crystallised spontaneously from the ethereal layer. Recrystallised from benzene, it 
formed colourless needles (53 g.), m. p. 131° (Found: C, 78-4; H, 5-3. C,,H,,OCI requires C, 
78-7; H, 53%). 

a-p-Chlorophenyl-ayy-triphenylpropyl alcohol. The foregoing compound (45 g.) afforded on 
treatment with the Grignard solution from magnesium (4 g.) and bromobenzene (26 g.) a clear 
thick resin, which, after standing for a long time with acetone-light petroleum, crystallised com- 
pletely. It recrystallised from light petroleum or methyl alcohol in colourless pyramids (40 g.), 
m. p. 127—128° (Found: Cl, 9-1. C,,H,,OCl requires Cl, 8-8%). 

a-p-Chlorophenyl-ayy-triphenyl-A*-propene. The above propanol (40 g.) was heated with 
water (440 c.c.) and concentrated hydrochloric acid (360 c.c.) for 4 hours in an oil-bath. The 
product, isolated by ether extraction, formed a crystalline mass, which, on purification from 
alcohol, afforded prisms (35 g.), m. p. 120—121° (Found: Cl, 10-5. C,,H,,Cl requires Cl, 
9-2%). 

a-p-Chlorophenyl-ayy-triphenylaliene (II). The propene compound (22 g.) in chloroform (70 
c.c.) was kept with bromine (3-8 c.c.) in chloroform (7 c.c.) at room temperature for 30 minutes, 
the solvent evaporated, and the residue boiled for 1} hrs. with alcoholic potash (62 g. in 440 c.c.). 
The mass was poured into water (4 1.), extracted with ether, dried, and evaporated. The 
residue was a resin which crystallised on standing. From alcohol, it recrystallised as hexagonal 
crystals (7-25 g.), m. p. 90°, but there was much tendency to supercooling (Found: C, 85-5; H, 
5-2. C,,H,,Cl requires C, 85-7; H, 5-0%). 

(6) ~-Bromoacetophenone (148 g.) was prepared from bromobenzene by Hale and Thorp’s 
method (J. Amer. Chem. Soc., 1913, 35, 267) ; b. p. 162°/11 mm. ; leaflets, m. p. 60° (cf. Schweitzer, 
Ber., 1891, 24, 550). 66 G. were condensed with benzaldehyde (35 c.c.) as already described. 
The resulting benzylidene-p-bromoacetophenone crystallised from a mixture of methyl and 
ethyl alcohols in prismatic needles (71 g.), m. p. 102—103° (Found: Br, 27-8. Calc. for 
C,;H,,OBr: Br, 27-9%) (cf. Kohler, Heritage, and Burnley, Amer. Chem. J., 1910, 44, 67). 

p-Bromophenyl {-p-bromophenyl-B-phenylethyl ketone. To the Grignard solution prepared 
from magnesium (4-3 g.) and p-dibromobenzene (42 g.) (Bergmann, Ber., 1931, 64, 1483), the 
chalkone derivative (34 g.) was added. On decomposition, the product crystallised spon- 
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taneously. It was dissolved in tetrachloroethylene, and the solution filtered, and evaporated ; 
on recrystallisation from amyl alcohol, the compound formed clusters of needles (18 g.), m. p. 
126-5° (Found: Br, 35-7. C,,H,,OBr, requires Br, 36-0%). 

ay-Di-(p-bromophenyl)-xy-diphenylpropyl alcohol. The above ketone (22 g.) was introduced 
into a Grignard solution (magnesium, 1-4 g.; bromobenzene, 6-2 c.c.) in ether, dry toluene (35 
c.c.) added, the ether distilled off on a water-bath, and the toluene solution boiled for 3 hours. 
The product obtained on decomposition was treated with steam and consisted of an oil, which on 
standing with acetone or propyl alcohol crystallised slowly. From propyl alcohol, it formed 
clusters of needles (4 g.), m. p. 130—131° (Found: Br, 30-4. C,,H,,OBr, requires Br, 30-6%). 

ay-Di-(p-bromophenyl)-ay-diphenylallene (III). The foregoing compound (13 g.) was boiled 
for 4 hours with a mixture of concentrated hydrochloric acid (90 c.c.) and water (110c.c.). The 
propylene isolated by means of ether was an oil, which after standing for a long time in the ice- 
box gave a small amount of crystals. (The failure to crystallise may be due to the occurrence of 
the two possible geometrical isomerides.) Crystallisation from propyl alcohol gave beautiful 
prisms, m. p. 126°. The crude product (30 g.) was brominated as described above (3-8 c.c. of 
bromine). The substituted allene was obtained as an oil, which crystallised spontaneously after 
some days. The crystals were triturated with light petroleum, sucked dry, and recrystallised 
from propylalcohol. Here again, stirring with a glass rod was necessary in order to prevent oily 
precipitations; m. p. 139—139-5°; yield 14 g. (Found: C, 64-6; H, 3-8. C,,H,,Br, requires 
C, 64:5; H, 36%). 

Measurements.—The first three substances were measured according to the procedure of 
Bergmann, Engel, and Sandor (loc. cit.), the symbols having the following significance: ¢ = 
molar fraction, 4M = mean molecular weight of the solution, p = density, e = dielectric con- 
stant, m = refractive index, P,(P,,) = total (electronic) polarisation of the solution, P(P,) the 
same for the solute; P,, 9 = (atomic and) orientation polarisation, which is extrapolated 
graphically to infinite dilution. 

With the Zeiss interferometer, P, could not always be measured at the same concentrations 
as were used for the dielectric constants. For the evaluation of the dipole moments, an average 
of the measured Py values was chosen (tetraphenylallene 131-0, p-chlorotetraphenylallene 
136-8). This procedure is reasonable because the electron polarisation is independent of the 
concentration. 

The dipole moment of the fourth substance was measured according to the procedure 
followed at Oxford. 

The electron polarisation values are higher than those calculated for the constituent atoms ; 
there may be a specific influence of the solvent (benzene). In any case, the discussion of the 
measurements is not seriously affected by these P, values. 


c. . M. p- €. n*, Pj. Px. rr Px. rar o- 
(I) Tetraphenylallene; T = 19°3°. 
0-0 0°8795 2°2854 2°2854 26°602 26°602 — 
0°00363 0°8820 — 2°2940 — 26°981 — 
0°00526 08831 oo 2°2979 -—— 27°151 —- 
0°02048 0°8956 2°3312 -= 28°913 ~- 
0°03434 0°9030 2°3511 — 29°964 
0°04510 0°9104 2°3720 —- 31°024 
PP+0 = 0; & = 0. 
(II) p-Chlorotetraphenylallene; T = 22°2°. -+ 
0-0 78 0°8760 2°2795 2°2795 26°620 26-620 
0°00315 78°95 0°8790 ~- 2°2871 -- 26-965 
0°00462 79°39 0°8804 as 2°2906 o 27°124 
0°00769 80-31 0°8833 --- 2°2994 — 27°480 
0°01183 81°55 0°8871 2°3468 — 28°483 
0°01895 83°69 0°8938 2°3873 ~- 29-608 
0°02390 85°18 0°8985 2°4063 -—- 30°259 
0°03064 87°15 0°9046 2°4499 -— 31:385 
PR+0 = 50°93 c.c.; p = 1°55. 
(III) ay-Di-(p-bromopheny]l)-ay-diphenylallene; T = 18°9°. 
0-0 78 0°8795 2°2862 2°2862 26°517 26°517 — 
0°01011 82°29 0°8993 2°3692 2°3165 28°675 27-909 239°87 
0°01189 83°04 0°9027 2°3880 2°3223 29°100 28°144 243°69 
0°01613 84°84 0°9108 2°4166 2°3346 29°879 28°681 234°84 
0°01976 86°38 0°9176 2°4394 2°3445 30°520 29°144 229°05 
PP+0 = 78°0 c.c.; p = 1°92. 
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(IV) ee hee” ee thee T = 25°0°. 
¢. p. €. n?, P,... 6. €. n?, Py. xgP3. 
0-0 0°87430 2°2727 2:25797 — 0°002565 0- $7758 2°2874 2°26392 sass 9 135°2 
0:003560 0°87885 2°2930 2-26607 185°6 134-5 5 0°010335 0°88755 — —_— — 


oP, = 186 c.c.; gP, = 135c.c.; Pato = 51 c.c.; wp = 1°57. 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. 
THE Dyson PERRINS LABORATORY, OXFORD. [Received, March 6th, 1935.] 





229. LHxperiments on the Synthesis of Rotenone and its Derivatives. 
Part VI. Chromenochromones. 


By Henry I. KinG and ALEXANDER ROBERTSON. 


In continuation of studies on the synthesis of compounds of the dehydrorotenone type we 
have now prepared 7-hydroxy-6’-methoxy- (II), 7-hydroxy-8’-methoxy- (III; R= H, 
R, =H), and 5:7: 8’-trimethoxy-chromeno-(3’ : 4’: 2:3)-chromone (III; R= Me, 
R, = OMe) by way of the intermediate keto-acids (type I) according to the general method 
developed for the synthesis of tetrahydrodehydrorotenone (dehydrodihydrorotenonic acid) 
(Part IV; J., 1933, 1163). 


H,°CO,H CH, O CH, O 


Om oy f OR 


O OR, 


OMe (I.) Me (II.) (III.) 


In our first attempts to prepare the intermediate mitrile (IX, R = H) from the aldehyde 
(IV) by way of the azlactone (V) and the pyruvic acid (VI), only traces of the last compound 
could be isolated. Though this difficulty was eventually avoided by the direct oximation 
of (VI) in the hydrolytic mixture from (V) after the removal of the benzoic acid, we ex- 
plored an alternative route to the nitrile (IX, R = Et) (compare Hignett and Kay, J. Soc. 
Chem. Ind., 1935, 54, 98T). 


OMe -CH,'CO,Et -CH,CO,H 
Cyesgrco ie HiC—CO a H,°CO-CO,H 


CHO l 
(IV.) N=CPh (rE) 


| (v.) | 
OMe 
O-CH,-CO,Et -CH,:CO,Et O-CH,*CO,R 
PHO) CN — HCL-CN ~ sae H,CN 
(VIL) (VIII) (IX.) 


The cyanohydrin (VII), obtained from (IV), was converted by means of thionyl chloride 
into the chloro-nitrile (VIII), which on reduction with zinc dust and acetic acid yielded the 
ester-nitrile (IX, R = Et). Although this procedure possesses certain obvious advantages 
over the azlactone route to the required ester-nitrile type (IX), considerable loss of material 
is liable to occur in the formation of (VIII) owing to the difficulty of obtaining the rather 
unstable cyanohydrin sufficiently pure and dry. Similar results were obtained in the 
preparation of ethyl 4-methoxyphenoxyacetate-2-acetonitrile by this route. 


EXPERIMENTAL. 


Ethyl 2-Aldehydo-4-methoxyphenoxyacetate.—A mixture of 5-methoxysalicylaldehyde (24 g.), 
ethyl bromoacetate (47 g.), anhydrous potassium carbonate (20 g.), and acetone (200 c.c.) 
3T 
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was refluxed on the water-bath until a sample did not give a ferric chloride reaction; after 
4 hour a further quantity of carbonate (15 g.) was added. After the removal of the potassium 
salts (washed well with acetone) the solvent was evaporated, a solution of the residue in ether 
was filtered to remove a small amount of residue, the ether evaporated, and the unchanged 
ethyl bromoacetate removed in a vacuum. Distillation of the product gave the phenoxyacetate 
as a reddish oil (31—32 g.), b. p. 205—206°/18—20 mm., 187—188°/2 mm., which solidified 
and then crystallised from benzene-light petroleum (b. p. 80—100°) in clusters of colourless 
needles, m. p. 51°, readily soluble in alcohol (Found: C, 60-8; H, 5-7. C,,H,,O, requires 
C, 60-5; H, 5-9%). The semicarbazone separated from alcohol in clusters of colourless needles, 
m. p. 171° (Found: C, 53-0; H, 5-8. C,,;H,,O;N, requires C, 52-7; H, 5-7%). 

Azlactone of Ethyl 2-Aldehydo-4-methoxyphenoxyacetate—The foregoing ester (10 g.) was 
condensed with hippuric acid (12 g.) by means of sodium acetate (12 g.) and acetic anhydride 
(40 c.c.) on the water-bath during 1-5 hours, and the cooled mixture carefully treated with alcohol 
(100 c.c.) and then water (250 c.c.). Next day the azlactone was collected and crystallised from 
alcohol, forming yellow needles (8 g.), m. p. 127° (Found : C, 65-9; H, 5-1. C,,H,,O,N requires 
C, 66-1; H, 5-0%). 

4-Methoxyphenoxyacetic Acid-2-acetonitrile——The azlactone (10-5 g.) was hydrolysed by 
boiling with 10% aqueous sodium hydroxide (100 c.c.) for 6 hours, and the cooled solution diluted 
with water (25 c.c.), saturated with a slow stream of sulphur dioxide, and kept for 24 hours. 
After separation of the benzoic acid the aqueous liquor, on being heated on the water-bath 
with concentrated hydrochloric acid (25 c.c.) for 2-5 hours, gradually deposited 4-methoxy- 
phenoxyacetic acid-2-pyruvic acid as a microcrystalline powder (6-2 g.). The crude acid 
(5 g.) was oximated with hydroxylamine hydrochloride (4 g.) in 10% aqueous sodium hydroxide 
(60 c.c.) maintained at 50—55° for 5 minutes and then at room temperature for 24 hours. The 
oxime was precipitated with concentrated hydrochloric acid and crystallised from water, forming 
squat prisms (5 g.), m. p. 150—151°. 

As the yield of pyruvic acid sometimes varied, it was subsequently found to be more 
economical not to isolate this product. After removal of the benzoic acid the filtrate was 
heated with hydrochloric acid on the water-bath for } hour, cooled, basified, and treated with 
hydroxylamine hydrochloride at 55°; the oxime was isolated as before. 

The oxime (4 g.) was warmed on the water-bath with acetic anhydride (13 c.c.) for 10 minutes, 
the anhydride decomposed with water, and the brownish acid-nitrile recrystallised from dilute 
alcohol (charcoal), forming colourless needles (2 g.), m. p. 140° (Found: C, 60-1; H, 5-2; 
N, 6-7. C,,H,,O,N requires C, 59-7; H, 5-0; N, 6-3%). Esterification of this compound in 
acetone with ethereal diazomethane gave the methyl ester, which separated from benzene— 
ligroin in prisms, m. p. 45° (Found: C, 61-3; H, 5-6. C,,H,,;0,N requires C, 61-3; H, 5-5%). 

4-Methoxyphenoxyacetic A cid-2-resacetophenone (I).—A mixture of methyl 4-methoxyphenoxy- 
acetate-2-acetonitrile (3 g.), resorcinol (8 g.), zinc chloride (3 g.), and anhydrous ether (150 c.c.) 
was saturated with hydrogen chloride. 3 Days later the ethereal layer was decanted, and the 
pink oil washed four times with ether (50 c.c.) and heated on the steam-bath with water (100 c.c.) 
’ for lhour. The keto-acid was isolated from the semi-solid product by means of aqueous sodium 
bicarbonate and crystallised from dilute alcohol, forming colourless slender needles (2-1 g.), 
m. p. 121—124°, which appeared to be a hydrate. After having been dried in a high vacuum 
at 110° over phosphoric oxide, the compound had m. p. 163° (Found : C, 61-6; H, 4-8. C,,H,,O, 
requires C, 61-8; H, 48%). It is readily soluble in alcohol or acetone and gives a brownish-red 
ferric chloride reaction. 

7-Hydroxy-6’-methoxychromeno-(3’ : 4’: 2: 3)-chromone (I1).—Cyclisation of the foregoing 
keto-acid (1-5 g.) was effected with boiling acetic anhydride (21 c.c.) and sodium acetate (1 g.) 
in the course of 13 minutes, but, since the previous method (Part IV, Joc. cit.) of working up the 
product failed to yield crystalline material, the following procedure was adopted: After being 
diluted with water (200 c.c.), the reaction mixture was kept for 2 days, and a solution of the 
resulting gummy precipitate from three experiments (2-7 g. of keto-acid) in alcohol (50 c.c.) 
was mixed with saturated aqueous sodium bicarbonate (30 c.c.), diluted with water (300 c.c.), 
and saturated with sodium chloride to hasten the coagulation of the colloidal precipitate. This 
precipitate, which consisted of impure acetate of the chromone, was boiled with alcohol (50 c.c.) 
containing dilute hydrochloric acid (10 c.c.) for 10 minutes, and the solution diluted with water. 
The resulting solid which slowly separated was collected, washed, and extracted with a little 
hot methylalcohol. On cooling, the extract deposited the chromenochromone (0-2 g.), which on 
repeated crystallisation from alcohol (charcoal) formed clusters of colourless microscopic needles 
(0-1 g.), decomposing at 248—249° after slight darkening at 243—245° (Found: C, 68-8; 
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H, 4-2. C,,H,,0, requires C, 68-8; H, 4:1%). The substance does not give a ferric chloride 
reaction, and forms in concentrated sulphuric acid a pale yellow solution which is non-fluorescent 
in daylight. 

Treatment of the chromenochromone (50 mg.) with acetic anhydride (1-3 c.c.) and pyridine 
(0-7 c.c.) first on the water-bath for 3 minutes and then at room temperature for 24 hours gave 
the acetate, which separated from alcohol in long colourless needles (30 mg.), m. p. 190° (Found : 
C, 67-2; H, 4-1. Cy 9H,,O,4 requires C, 67-5; H, 41%). 

Ethyl 2-Aldehydo-6-methoxyphenoxyacetate (IV).—This ester was prepared from o-vanillin 
(20 g.), ethyl bromoacetate (35 g.), and potassium carbonate (30 g., added in two portions) in 
boiling acetone and crystallised from light petroleum (b. p. 60—80°), forming long prisms (28-7 g.), 
m. p. 75° (Found : C, 60-5; H, 6-1. C,,H,,O; requires C, 60-5; H, 5-9%). The semicarbazone 
separated from alcohol in prismatic needles, m. p. 205° (Found: C, 53-0; H, 5-8; N, 14-4. 
C,3;H,,0,;N, requires C, 52-7; H, 5-7; N, 142%). 

Ethyl 6-Methoxyphenoxyacetate-2-chloroacetonitrile (VIII).—The afore-mentioned aldehyde 
(15 g.) was dissolved with stirring (2 hours) in saturated aqueous sodium hydrogen sulphite 
(25 c.c.), and the solution treated at 0° with sodium cyanide (5 g.) in water (10 c.c.); agitation 
was maintained for 3 hours. A washed ethereal solution of the precipitated oil was well dried 
with sodium sulphate, and the ether distilled, leaving the cyanohydrin (VII) as a pale yellow 
oil (15 g.). 

The addition of aqueous sodium hydrogen sulphite to a mixture of the aldehyde, aqueous 
sodium cyanide, and ice gave very poor yields of the cyanohydrin. 

Thiony] chloride (10 c.c.) was gradually added to a well-cooled solution of the crude cyano- 
hydrin (12 g.) in chloroform (10 c.c.), the mixture kept at room temperature for 4 hours, the 
solvent and unchanged thionyl chloride removed in a vacuum, and the residual chloro-nitrile 
purified by distillation in a vacuum and then by crystallisation from alcohol or light petroleum, 
from which it separated in colourless, elongated, rectangular prisms, m. p. 46° (Found: C, 
55-1; H, 5-0. C,,;H,,O,NCI requires C, 55-1; H, 4-9%). 

Ethyl 6-Methoxyphenoxyacetate-2-acetonitrile (IX, R = Et).—Zinc dust (2-7 g.) was added 
in small portions to a hot solution of the foregoing chloro-nitrile (7 g.) in alcohol (8 c.c.), acetic 
acid (4 c.c.), and water (5 c.c.), and the mixture finally heated on the steam-bath for }$ hour. 
After filtration the alcohol was evaporated, the residue treated with dilute hydrochloric acid, 
and the nitrile (5 g.) isolated with ether. Crystallised from 50% alcohol, it formed rectangular 
prisms, m. p. 53° (Found: C, 62-8; H, 6-1; N, 5-7. C,,;H,,O,N requires C, 62-7; H, 6-0; 
N, 5-6%). 

Conniderathte loss of material resulted when the crude chloro-nitrile was distilled and in sub- 
sequent experiments the crude product was reduced; yield, 19 g. of nitrile from 30 g. of ethyl 
2-aldehydophenoxyacetate. 

6-Methoxyphenoxyacetic Acid-2-acetonitrile (IX, R = H).—The azlactone of ethyl 2-alde- 
hydophenoxyacetate was prepared from the aldehyde (20 g.) and hippuric acid (25 g.) with the 
aid of warm sodium acetate (25 g.) and acetic anhydride (90 c.c.). Crystallised from dilute 
alcohol, it formed elongated yellow prisms (18 g.), m. p. 126° (Found : C, 66-0; H, 5-2; N, 3-9. 
C,,H,,0,N requires C, 66-1; H, 5-0; N, 3-7%). 

The azlactone (20 g.) was boiled with 10% aqueous sodium hydroxide (200 c.c.) for 4 hours, 
the cooled solution saturated with sulphur dioxide, 24 hours later the precipitated benzoic 
acid was removed, and after the addition of concentrated hydrochloric acid (50 c.c.) the mixture 
was heated on the water-bath for 4—1 hour to decompose the bisulphite compound of 
6-methoxyphenoxyacetic acid-2-pyruvic acid and to remove the sulphur dioxide. The liquor 
was then basified with powdered sodium hydroxide and mixed with hydroxylamine hydro- 
chloride (10 g.) at 50—55°. Next day the solution was filtered to remove a small amount of 
solid, and the oxime (14 g.) precipitated with hydrochloric acid; m. p. 164° after crystallisation 
from warm water (Found: N, 5-2. C,,H,,;0,N requires N, 5-0%). 

The air-dried oxime (6 g.) was digested on the steam-bath with acetic anhydride (18 c.c.), 
the excess of anhydride was decomposed with water (200 c.c.), and 48 hours later the acid- 
nitrile was collected; a further quantity was obtained by saturating the mother-liquor with 
ammonium sulphate. Crystallised from dilute alcohol, the compound formed colourless rods 
(2-6 g.), m. p. 93° (Found: C, 60-0; H, 4:9. C,,H,,0O,N requires C, 59-7; H, 5-0%). The 
ethyl ester, prepared by means of ethereal diazoethane, separated from aqueous alcohol in 
rectangular prisms, identical with a specimen prepared by the cyanohydrin method; m. p. 
and mixed m.-p. 53° (Found: C, 62-4; H, 6-1%). 
6-Methoxyphenoxyacetic Acid-2-resacetophenone.—The ester of the foregoing nitrile (5 g.) 
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was condensed with resorcinol (13 g.) in ether (100 c.c.) with zinc chloride (5 g.) and excess of 
hydrogen chloride. After 4 days the ethereal layer was decanted, and the thick brown oil 
washed with ether (3 x 50 c.c.) and then heated on the steam-bath with water (100 c.c.) for 
2 hours. Next day the keto-acid was isolated from the semi-solid product by means of aqueous 
sodium bicarbonate, leaving a residue of impure ethyl ester, and, on crystallisation from ethyl 
acetate and then from aqueous acetone, formed colourless prisms (0-72 g.), m. p. 180-5°, 
which gave a wine-red coloration with alcoholic ferric chloride (Found: C, 61-6; H, 4-9. 
C,,H,,O, requires C, 61-8; H, 4-8%). 

Hydrolysis of the sodium bicarbonate-insoluble ester with 10% hydrochloric acid (agitate), 
or with 8% aqueous sodium hydroxide containing a little zinc dust, on the water-bath for 2 
hours gave a further quantity of the keto-acid (2-3 g.). 

7-Hydroxy-8'-methoxychromeno-(3’ : 4’ : 2 : 3)-chromone (III; R= H, R, = H).—A mixture 
of 6-methoxyphenoxyacetic acid-2-resacetophenone (1-8 g.), sodium acetate (1 g.), and acetic 
anhydride (28 c.c.) was refluxed for 20 minutes, cooled, and mixed with alcohol (25 c.c.). On 
the addition of water (50 c.c.) the acetate of the chromenochromone gradually separated in yellow 
microscopic crystals and on recrystallisation from alcohol formed slender colourless needles 
(0-6 g.), m. p. 196° (Found: C, 67-2; H, 4:3. C,,H,,0, requires C, 67°5; H, 4-2%). 

Hydrolysis of the acetate (0-3 g.) was effected with boiling alcohol (20 c.c.) containing con- 
centrated hydrochloric acid (3 c.c.) during 10 minutes, and the chromenochromone precipitated 
with water. Crystallised from alcohol (charcoal), it formed almost colourless needles, m. p. 
263—265° (decomp.), and did not give a ferric chloride reaction (Found: C, 68-8; H, 4-0. 
C,,H,,0, requires C, 68-8; H, 4:1%). 

Condensation of Ethyl 6-Methoxyphenoxyacetate-2-acetonitrile with Phloroglucinol Dimethyl 
Ether.—A mixture of the nitrile (3 g.), phloroglucinol dimethyl ether (7 g.), zinc chloride (3 g.), 
and ether (100 c.c.) saturated with hydrogen chloride was kept for 7 days, the ethereal layer 
decanted, and the residual red-brown oil washed with ether (3 x 50 c.c.) and heated on the 
steam-bath with water (100 c.c.) for 2 hours. The resulting semi-solid was heated with 8% 
hydrochloric acid (50 c.c.) for 2 hours, and the mixture of isomeric keto-acids isolated with 
aqueous sodium bicarbonate. On treatment with warm hydrochloric acid the residue insoluble 
in aqueous sodium bicarbonate gave a further quantity of the keto-acids. 

The mixed keto-acids were extracted four times with boiling benzene (25 c.c.), and the 
combined extracts evaporated, leaving 6-methoxyphenoxyacetic acid-2-2’ : 4’-O-dimethy]l- 
phloracetophenone, which separated from aqueous methyl alcohol as a hydrate in irregular plates 
(0-8 g.), m. p. 143—144° (Found: C, 57-4; H, 5-3. C,,H,,0O,,H,O requires C, 57-7; H, 5-5%). 
The compound gives a red-brown ferric chloride reaction. 

The residue insoluble in benzene consisted of the isomeric 2’ : 6’-O-dimethyl ether, which 
crystallised from dilute alcohol in plates (0-5 g.), m. p. 174°, and did not give a ferric chloride 
reaction (Found: C, 60-5; H, 5-5. C,9H,.O, requires C, 60-6; H, 5-3%). 

5:7: 8’-Trimethoxychromeno-(3’ : 4’ : 2: 3)-chromone (III; R= Me, R, = OMe).—Cyclis- 
ation of 6-methoxyphenoxyacetic acid-2-2’ : 4’-O-dimethylphloracetophenone (1 g.) was effected 
with boiling acetic anhydride (15 c.c.) and sodium acetate (0-6 g.) during 15 minutes, and the 
anhydride decomposed with water (250 c.c.). An alcoholic solution (50 c.c.) of the gummy 
product from two experiments was mixed with aqueous sodium carbonate (50 c.c.) and diluted 
with water (500 c.c.). The colloidal precipitate of the crude chromenochromone was coagulated 
by saturating the liquor with sodium chloride, collected, washed with water, and crystallised 
several times from alcohol, forming almost colourless needles (30 mg.), m. p. 210° (Found : 
C, 66-8; H, 4-7. C,,H,,O, requires C, 67-1; H, 4-7%). 

Preparation of Ethyl 4-Methoxyphenoxacetate-2-acetonitrile by the Cyanohydrin Method.— 
The solid bisulphite compound of ethyl 2-aldehydo-4-methoxyphenoxyacetate (6 g.) was dis- 
solved in the minimum amount of water and treated at 0° with sodium cyanide (3 g.), and the 
solid cyanohydrin (6 g.), m. p. 61—63°, collected, dried, and converted into the chloro-nitrile 
by means of thionyl chloride in chloroform. The crude product was reduced with zinc dust 
(2-5 g.), acetic acid (3 c.c.), and water (4 c.c.), and ethyl 4-methoxyphenoxyacetate-2-aceto- 
nitrile (2-5 g.) isolated by means of ether. Crystallised once from dilute alcohol, it had m. p. 
121—122°, and on condensation with resorcinol by the method used in the case of the cor- 
responding methyl ester gave 4-methoxyphenoxyacetic acid-2-resacetophenone, m. p. and mixed 
m. p. 163°. 


UNIVERSITY OF LIVERPOOL. [Received, April 11th, 1935.] 
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230. Picrotoxin. Part I, The Constitution of Picrotic Acid and 
the C-Skeleton of Picrotoxinin and Picrotin. 
By DoNALD MERCER, ALEXANDER ROBERTSON, and (in part) ROBERT S. CAHN. 


By the action of boiling hydriodic acid and phosphorus on the two dilactones, picrotoxinin, 
C,5H,,0,, and picrotin, C,;H,,0,, which constitute the molecular compound picrotoxin 
(Bakunin and Giordani, Rend. Accad. Sci. Fis. Mat. Napoli, 1924, iii, 30, 166, who give 
references to the earlier views on the nature of the complex) Angelico (Gazzetta, 1911, 41, 
ii, 337) obtained the same products, picrotic acid, C,;H,,0, (Oglialoro, Gazzetta, 1891, 
21, ii, 213), and a ketone, C,,H,,03, thus showing that in all probability the two lactones 
possessed the same C-skeleton. This conclusion is supported by the formation of the same 
chloro-ketone, C,,H,,;O,Cl, from both lactones with hydrochloric acid at 180°. On oxidising 
picrotic acid, Angelico (loc. cit.) obtained a dibasic acid, C,,H,,0,, m. p. 289°, apparently 
identical with the acid, C,.H,,0O,,H,O, which this author subsequently obtained from the 
ketone C,,H,,O; (Gazzetta, 1912, 42, ii, 540) and to which he ascribed the structure (I). 


CO,H CO,H 


CO,H HO, 
HO,C 
\co CO CO 
Me,C——O Me,c——9 Me,C——O 


(I.) (II.) (III.) 


By the oxidation of picrotoxinin and of picrotin with manganese dioxide and hot 
sulphuric acid Hansen (Ber., 1933, 66, 850) obtained a phthalic acid, Cy2H,)O,, m. p. 220° 
(anhydride, m. p. 286°), which he observed had the properties of Angelico’s acid and which 
he was able to degrade by way of the imide to a monobasic acid, C,,H,)0,4, m. p. 202°. 
Further, on decarboxylation the latter acid yielded «a-dimethylphthalide. Though 
Hansen did not orient the acids C,,H,,O, and C,,H,)0,4, he concluded that, since the 
latter compound was accompanied by benzene-l : 2:3: 4-tetracarboxylic acid in the 
oxidation mixture, it had either formula (I) or (II), of which he preferred (I) in agreement 
with the conclusions of Angelico (loc. cit.). 

It was noted by one of us (R. S.C.) that the properties of Hansen’s acid C,,H)0, 
were identical with those of cannabinolactonic acid (III) (J., 1932, 1352), and this view 
has been confirmed by direct comparison of the two compounds and of their ethyl esters. 
The acid C,.H,,0, has been oxidised with nitric acid to benzene-I : 2 : 3 : 4-tetracarboxylic 
acid and hence must have the structure (I). Further, this acid, Cj.H,)O., has also been 
obtained by the oxidation of picrotic acid, thereby confirming the identity of Angelico’s 
and Hansen’s products and affording direct evidence of the presence of an a«a-dimethyl- 
phthalide group in picrotic acid. 

As the result of degradation experiments Hormann (Ber., 1916, 49, 2107) showed that 
picrotic acid contained a side chain *C,H,*CO,H, but he did not determine the position of 
the carboxyl group in this residue. Hydrolytic fission of picrotic acid was found by 
Angelico and Monforte (Gazzetta, 1923, 53, 800) to yield acetone and a dibasic acid, 
C,2H,,0,, which was considered by them to retain the side chain *C;H,°CO,H. For this 
product these authors suggested two possible formule, (IV) and (V), of which they preferred 
the latter (V),and hence they ascribed formula (VI) to picrotic acid, basing their views 
on (a) the presence of an ««-dimethylphthalide group indicated by fission to acetone and 
the acid C,,H,,0, with the formation of a new carboxyl group, (6) the assumption that the 
residue *C,H,*CO,H was a straight chain, and (c) the fluorescein reaction which they claim 
to have obtained with an unidentified fusion product of an acid, C,;H,,O¢, resulting from 
the oxidation of picrotic acid. 

By analogy with the related lactones santonin (Clemo and co-workers, J., 1929, 2368), 
artemisin, alantolactone, and isoalantolactone (Ann. Reports, 1932, 158) it was considered 
highly probable that picrotin and picrotoxinin were related to the sesquiterpene group. 
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The C-skeleton implied for the picrotoxin lactones by formula (VI) for picrotic acid is 
difficult to reconcile with this hypothesis, but if picrotic acid is formulated as (VII), 


Me [CH,},CO,H [CH,},CO,H 


[CH,],°CO,H Me Me 
O.H OH co (Wh 


(IV.) (V.) 
Me,C——9 
Me 
[CHg],*°CO,H (VIII.) 


CO 
Me,-——CO 


implying, as we believe it does, the same C-skeleton (VIII) for the lactones, then their 
relationship to the cadinene group is at once apparent. On these grounds it appeared that 
the possibility of picrotic acid having formula (VI) could be neglected and we were led 
directly to deduce the structure (VII) for this compound as follows : 

Application of the Dieckmann reaction to the ethyl ester of the acid, C,.H,,0,, obtained 
by hydrolytic fission of picrotic acid gave rise to the 6-ketonic ester (XIII), the structure of 
which is established by hydrolysis to the tetralone (XII), identical with an authentic 
specimen. It is clear, therefore, that the dibasic acid C,,.H,,0, which can give rise to 
(XIII) must have formula (IV) and since this acid is obtained from picrotic acid, which 
has been shown to embody an aa-dimethylphthalide group, the latter acid must have the 
structure (VII) and not (VI). 


Me Me Me 
or _ © vpn [CH,],CO,H 


(XI) 
(IX.) (X.) | 


Me CH, Me CH, 


(XIIL) NCH, ssa \CH, (XIL) 
H-CO,Et H, 
O O 


The authentic 5-methyl-«-tetralone mentioned above has been synthesised by a new 
method (compare Heilbron and co-workers, J., 1930, 425). The condensation of (IX, R = 
Br) with ethyl sodiomalonate gave the keto-ester (X), which on reduction and subsequent 
hydrolysis and decarboxylation of the product gave rise to (XI). The orientation of (X) 
and also that of (IX, R = Br) was confirmed by the production of the keto-ester (X) from 
(IX, R= Cl) obtained from o-toluoyl chloride by Robinson and Bradley’s method (J., 
1928, 2904; 1930, 793). Cyclisation of the acid (XI) with sulphuric acid yielded the 
tetralone (XII) in a yield superior to that obtained by the action of aluminium chloride 
on the acid chloride. 

EXPERIMENTAL. 


aa-Dimethylphthalide-4-carboxylic Acid (Cannabinolactonic Acid) (III).--When the quantity 
of pure manganese dioxide indicated by Hansen (/oc. cit.) for the preparation of ««-dimethyl- 
phthalide-3 : 4-dicarboxylic acid was used, only traces of this acid were obtained. The following 
procedure gave satisfactory results: To a stirred solution of picrotoxin (8 g.) in boiling 57% sul- 
phuric acid (300 c.c.), manganese dioxide (70 g.) was added during 5—6 hours, and the mixture 
then refluxed for 16—18 hours. On isolation from the filtered solution by ten extractions with 
ether the acid, m. p. 215—220° (anhydride crude, m. p. 280—284°; pure, m. p. 290°), was con- 
verted into the imide and thence into 3-amino-a«-dimethylphthalide-4-carboxylic acid by 
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Hansen’s method (Angelico, /oc. cit., and Hansen, loc. cit., respectively give m. p. of anhydride 
as 289° and 286°). The latter product * melted 183—200° and could not be readily purified 
by crystallisation, but elimination of the amino-group gave rise to cannabinolactonic acid, 
which separated from benzene in colourless prisms, m. p. 202—203°, and was identical with a 
specimen obtained from cannabinol and with a synthetical specimen prepared by Bargellini 
and Forli-Forti’s method (Gazzetta, 1910, 40, ii, 74) (Found: C, 64:2; H, 4-9. Calc. for 
C,H yO,: C, 64:0; H, 4.9%). The ethyl ester separated from alcohol in stout needles and 
was identical with an authentic specimen (Bargellini and Forli-Forti, Gazzetta, loc. cit.), m. p. 
104° (Found: C, 66-9; H, 6-1. Calc. for C,,H,,0O,: C, 66-7; H, 6-0%). 

Oxidation of aa-Dimethylphthalide-3 : 4-dicarboxylic Acid.—The acid (1 g.) was heated with 
33% nitric acid (20 c.c.) in a sealed tube at 170° for 24 hours, the mixture diluted with water, 
and the nitric acid removed by distillation with the occasional addition of water to maintain 
the volume at 40—80 c.c.; the resulting solution was neutralised with ammonia, and benzene- 
1: 2:3: 4-tetracarboxylic acid isolated as the lead salt. A boiling aqueous solution of the 
acid obtained by decomposition of the lead salt with hydrogen sulphide was treated with char- 
coal, filtered, and allowed to evaporate at room temperature in a vacuum. On esterification 
with ethereal diazomethane the crude crystalline acid (0-25 g.), m. p. 228—234°, gave the tetra- 
methyl ester, m. p. 132° after purification, undepressed by admixture with the ester obtained 
from an authentic specimen of the acid (Freund and Fleischer, Annalen, 1916, 411, 14) (Found : 
C, 54-0; H, 4-4. Calc. for C\gH,,O,: C, 54-2; H, 4-6%). 

Oxidation of Picrotic Acid.—Manganese dioxide (45 g.) was added to a boiling solution of 
picrotic acid (Angelico, Joc. cit.) (8 g.) in 57% sulphuric acid (220 c.c.) in the course of 2 hours, 
the mixture refluxed for 15 hours, diluted with water (450 c.c.), and filtered, and the product 
isolated by eight extractions with ether. One half of the crude material was refluxed with 
acetyl chloride (7 c.c.) for $ hour, and the resulting solid recrystallised from acetic anhydride, 
forming colourless plates (1-5 g.), m. p. 290°, identical with an authentic specimen of the 
anhydride of a«-dimethylphthalide-3 : 4-dicarboxylic acid obtained from picrotoxin. 

Ethyl 5-Methyl-a-tetralone-2-carboxylate (XIII).—6-Carboxy-y-o-tolyl-n-butyric acid (IV), 
m. p. 135—136°, was prepared from picrotoxin via picrotic acid according to the directions of 
Angelico (loc. cit.), who gives m. p. 132°; the ethyl ester was a colourless oil, b. p. 158—160°/1 mm. 

This ester (7 g.) was gradually added in the course of 1 hour to powdered sodium (1-2 g.) 
in toluene (45 c.c.) on the steam-bath, and the reaction completed by heating for a further 4 
hours. Next day an excess of dry ether was added, the bulky precipitate of the sodium 
derivative of ethyl 5-methyl-«-tetralone-2-carboxylate separated and decomposed with dilute 
acetic acid, and the keto-ester isolated with ether. Purified by distillation in a vacuum, the 
compound was obtained as a colourless oil (2-8 g.), b. p. 152—155°/1 mm., which gave a blue 
coloration with alcoholic ferric chloride. On being refluxed with phenylhydrazine (1-2 mols.) 
in alcohol containing a little acetic acid for 70 minutes, this compound formed a pyrazolone, 
which crystallised from alcohol in colourless prisms, m. p. 265° (Found: N, 10-2. C,,H,,ON, 
requires N, 10-1%). 

5-Methyl-a-tetralone (XII).—The foregoing keto-ester (1-9 g.) was refluxed with 20% sulphuric 
acid (10 c.c.) for 1 hour, and the product distilled with steam, isolated with ether, and converted 
into the semicarbazone (1-5 g.). Hydrolysis of the crude solid with boiling 10% hydrochloric 
acid (10 c.c.) for 1 hour, followed by steam-distillation, gave almost pure tetralone, which formed 
large prisms from light petroleum (b. p. 40—60°), m. p. 49—50°, undepressed by admixture with 
authentic material. The semicarbazone separated from alcohol in needles, m. p. 245—246° 
(Found: N, 19-4. C,,H,,ON; requires N, 19-4%). Prepared by Brady’s method (J., 1931, 
756), the 2 : 4-dinitrophenylhydrazone crystallised from ethyl acetate in slender red needles, m. p. 
229—230° (Found : C, 60-4; H, 4-7; N, 16-5. C,,H,,0,N, requires C, 60-0; H, 4-7; N, 16-4%). 
The phenylhydrazone separated from alcohol in plates, m. p. 105°, but decomposed on being 
kept. These derivatives were identical with the respective authentic specimens obtained from 
the synthetic tetralone. 

o-Methylacetophenone.—A solution of o-toluoyl chloride (Klages, Ber., 1899, 32, 1549) (50 g.) 
in absolute ether (50 c.c.) was gradually added to ethyl sodioacetoacetate (from 50 g. of the 


* In consideration of the work of Rodinow and co-workers (Ber., 1929, 62, 2563), who by a similar 
procedure obtained the two theoretically possible anthranilic acids from hemipinimide, degradation 
of the above imide would be expected to give a mixture of two aminocannabinolactonic acids. This 
would account for the contamination of 3-aminocannabinolactonic acid as indicated by the indefinite 
m. p. and also for the yield (ca. 50% of the theoretical). 
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ester and 8 g. of sodium) in ether (200 c.c.), and the mixture refluxed for 4 hours to complete 
the reaction. Enough water was added to dissolve the precipitated salt, the ethereal layer 
separated, the aqueous solution extracted several times with ether, and the combined ethereal 
solutions dried and evaporated. Sodium hydroxide (27-5 g.) in water (75 c.c.) was added to a 
solution of the viscous straw-coloured product (80—90 g.) in alcohol (200 c.c.). This was 
followed at intervals of 12 hours by four portions of sodium hydroxide (12 g.) in water (75 c.c.) 
and 12 hours after the last addition the solution was diluted to 1 1. with water and refluxed 
for 15 hours. o-Methylacetophenone (17—18 g.) was isolated with ether and purified by distil- 
lation, b. p. 93—95°/15 mm. The semicarbazone had m. p. 210° (Found: N, 22-1. Calc. for 
CyoH,,0ON,: N, 22-0%) (compare Senderens, Bull. Soc. chim., 1911, 9, 949, and Auwers, 
Annalen, 1915, 408, 242, who record m. p. 192° and m. p. 203° respectively). 

Unchanged o-toluic acid was recovered from the aqueous liquor. 

«-Bromo-o-methylacetophenone (IX, R = Br).—This ketone was prepared from o-methyl- 
acetophenone (17 g.) in acetic acid (22 c.c.) with bromine (21-3 g.) according to the method used 
by Rather and Reid (J. Amer. Chem. Soc., 1919, 41, 77) for the preparation of #-bromoaceto- 
phenone and obtained as a colourless, mobile, lachrymatory oil, b. p. 138—140°/16 mm., which 
became pale green when kept. The compound (2 g.) was readily characterised by conversion 
into the corresponding w-acetoxy-ketone (oil) with sodium acetate (2 g.) and a crystal of 
potassium iodide in boiling alcohol (17 c.c.) during 15 hours, the semicarbazone of which crystal- 
lised from alcohol in needles, m. p. 174° (Found: N, 16-8. C,,H,,0,N, requires N, 16-8%). 

Ethyl §-o-Toluoylethane-aa-dicarboxylate (X).—(A) The afore-mentioned w-bromo-ketone 
(44 g.) was carefully added to a solution of ethyl sodiomalonate (from 47 g. of ethyl malonate 
and 5 g. of sodium) in alcohol (100 c.c.) at 0°. The mixture was kept for 1 day at room 
temperature, refluxed for } hour, diluted with water, and extracted with ether. Evaporation 
of the dried extract left the keto-ester as a pale yellow oil (25 g.), which was purified by distil- 
lation in a high vacuum, b. p. 170°/1 mm. The 2: 4-dinitrophenylhydrazone separated from 
alcohol in yellow plates, m. p. 136—137° (Found: C, 55-9; H, 5-2; N, 12-1. C,,H,,O,N, 
requires C, 55-9; H, 5-1; N, 11-9%). 

(B) o-Toluoyl chloride (10 g.) in ether (70 c.c.) was added to diazomethane (from 34 c.c. 
of nitrosomethylurethane) in ether (800 c.c.) at — 12° in the course of 15 minutes. Next day 
the removal of the excess of diazomethane and the solvent left the diazene as an oily residue, 
which was directly converted into w-chloro-o-methylacetophenone by treatment in ether (75 
c.c.) with a slight excess of hydrogen chloride. The strongly lachrymatory liquid was con- 
densed with ethyl sodiomalonate (from 16 g. of the ester and 1-5 g. of sodium) in alcohol (50 c.c.), 
and the resulting keto-acid (5 g.), (b. p. 165—170°/1 mm.), isolated by the method adopted in the 
case of the corresponding w-bromo-ketone. 

y-0-Tolyl-n-butyric Acid (XI).—The keto-ester (10 g.) was reduced by being boiled with 
amalgamated zinc (65 g.) in alcohol (80 c.c.) and concentrated hydrochloric acid (100 c.c.) for 
8 hours; more hydrochloric acid (10 c.c.) was added every 2 hours. The product (7 g.) was 
isolated with ether and hydrolysed by boiling with potassium hydroxide (20 g.) in 30% alcohol 
(100 c.c.) for 10 hours. On isolation the resulting dicarboxylic acid was heated at 140° until 
effervescence ceased (40—50 minutes), a solution of the crude y-o-tolyl-n-butyric acid in aqueous 
sodium bicarbonate treated with charcoal to remove oily insoluble impurities, the filtered 
solution acidified with hydrochloric acid, and the acid (4 g.) crystallised from light petroleum 
(b. p. 40—60°), forming colourless prisms, m. p. 60—61° (Heilbron and co-workers, loc. cit., give 
m. p. 60°), b. p. 140°/1 mm. (Found: C, 74:2; H, 7-8. Calc. forC,,H,,0,: C, 74-1; H,7-9%). 

Cyclisation of the tolyl-n-butyric acid (1 g.) by heating with 95% sulphuric acid (5 c.c.) 
on the steam-bath for 1 hour gave the tetralone (0-6 g., precipitated with ice-water), which 
on purification by distillation and then by crystallisation from light petroleum (b. p. 40—60°) 
formed colourless prisms, m. p. 50—51°, b. p. 116—117°/1 mm., and gave a 2 : 4-dinitrophenyl- 
hydrazone, m. p. 229—230° (Found : C, 60-3; H, 4-7; N, 16-3%), a semicarbazone, m. p. 245— 
246° (decomp.) (Found: N, 19-6%), and an unstable derivative with phenylhydrazine, m. p. 
105°. 


The authors are indebted to the Department of Scientific and Industrial Research for a 
maintenance grant to one of them (D. M.). 
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231. Certain Physical Properties of Cyanogen and its Halides. 
By Ratpn P. Cook and Percy L. ROBINSON. 


FARADAY (Phil. Trans., 1845, 135, 1, 155) measured the density of liquid cyanogen and its 
vapour pressure (his material probably contained carbon dioxide), and Perry and Bardwell 
(J. Amer. Chem. Soc., 1925, 47, 2629) determined the latter property over a range of 
temperature. Even fewer data are available on the properties of the cyanogen halides, 
and these probably relate to materials of doubtful purity. The present paper describes the 
preparation and purification of cyanogen and cyanogen chloride, bromide, and iodide, 
and the measurement of some of their physical properties, particularly liquid density and 
surface tension. The parachors and other constants have been determined and their 
significance is discussed. 
EXPERIMENTAL. 

Materials.—The dissociation of mercuric cyanide was unsatisfactory for the preparation of 
cyanogen, because the requisite temperature led also to formation of brown paracyanogen and 
sublimation of the starting material. After this method had been used to prepare one sample, 
which, incidentally, had the proper vapour pressure, it was replaced by methods involving (i) 
the reaction between potassium cyanide and copper sulphate (Davy and Faraday, Phil. Tvans., 
1823, 2, 196) and (ii) the dissociation of silver cyanide (Terwen, Z. physikal. Chem., 1916, 91, 


469). 
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Silver cyanide was precipitated from saturated silver nitrate by the calculated weight of 
potassium cyanide (78% solution), rapidly filtered off, and immediately warmed with ammonia 
(d, 0-88). The argentocyanide which separated on cooling was twice recrystallised from ammonia, 
and kept at 140° for 4 days to remove water and ammonia. It was then a pale brown powder 
differing from freshly precipitated material in being insensitive to light. On dissociation in an 
evacuated Pyrex vessel heated by molten alkali nitrates, a little gas, presumably ammonia, was 
liberated between 220° and 330° and rejected; between 330° and 380° cyanogen was steadily 
evolved and, after passing over phosphoric oxide, was condensed. It was purified in the 
apparatus shown in Fig. 1, the stages being : treatment with phosphoric oxide, A, condensation 
in B, and finally 5 fractionations in a vacuum by using vessels B, C, and D, head and tail 
portions being rejected on each occasion. The effect of the fractionation was traced by con- 
densing portions of certain fractions in the vessels F’ and F” respectively, which were connected 
together by the mercury manometer M. The vapour pressures of the samples were compared 
by immersion in liquid in the same vacuum flask, and it is evident that the material was very 
pure, since the later stages of fractionation did not effect any alteration in the vapour pressure. 

Cyanogen (15 g.), prepared from potassium cyanide and copper sulphate solutions at 50° 
and dried with calcium chloride followed by phosphoric oxide, had a vapour pressure appreci- 
ably higher than the above material. This was doubtless due to carbon dioxide for, when it was 
removed by a more rigorous fractionation, the vapour pressure became identical with that of 
the silver cyanide preparation. The distillation of cyanogen is difficult because its vapour 
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pressure is above atmospheric at practically all temperatures, and furthermore, the liquid 
invariably solidifies if evaporation is at all rapid. The pressure in the distillation vessel was 
allowed to rise until all the material liquefied, and the vapour was then permitted to escape at a 
rate which did not cause solid to separate. 

Cyanogen chloride was prepared by saturating with chlorine at 0° the double cyanide formed 
by addition of sodium cyanide to excess of zinc sulphate in aqueous solution; it was distilled 
off and passed over calcium chloride, condensing as a white solid in an ice-salt freezing mixture 
(Held, Bull. Soc. chim., 1887, 1727; Mauguin and Simon, Ann. Chim. Phys., 1921, 15, 19). 
Chlorine was removed by shaking with mercury, and the treated material was fractionated twice 
in a vacuum to give a final sample of 10 g. 

Cyanogen bromide, obtained by adding sodium cyanide to well-stirred aqueous bromine 
below 15° (“‘ Organic Syntheses,’’ XI, 30), was distilled from the liquid, and purified by passage 
over calcium chloride and two vacuum fractionations; yield 10 g. 

Cyanogen iodide was formed by shaking excess of powdered mercuric cyanide with ethereal 
iodine, and evaporating off the ether from the filtrate. It was thrice recrystallised, and finally 
sublimed; m. p. 146-0° (cf. 146-5°; Seubert and Pollard, Ber., 1890, 23, 1063). 


Physical Properties. 
Vapour Pressure-—Cyanogen. Material confined in F’ was allowed to reach a constant 
vapour pressure from about 1 cm. both below and above the particular value. The recorded 
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results were constant for 45 mins. and have an accuracy of + 0-5mm. The two temperatures 
were the m. p.’s of carbon tetrachloride, — 22-9°, and methyl benzoate, — 14-4° (determined 
for the sample used). The vapour pressures (Table I and Fig. 2) agree with those calculated from 
Perry and Bardwell’s (/oc. cit.) equation, logy, = — 1818-554/7 — 5-0183 log,, 7 + 22-30083. 
Cyanogen chloride. The temperatures were given by the m. p.’s of (i) ice, 0°, (ii) benzene, 
+ 5-48°, and (iii) o-chlorophenol, -+- 7-75° (determined for the sample used). The results 
(Table I and Fig. 2) conform to logy) p = 7:80477 — 1406-4/T (cf. logy, p = 7-840 — 1415-4/T; 
Regnault, Mem. Acad. Roy. Sci. Frang., 1862, 26, 339). Extrapolation of the present data gives 
b. p. 12-55°/760 mm. [cf. 12-5°/755 mm. (Mauguin and Simon, Joc. cit.) ; 12-7°/760 mm. (Regnault) ; 
and contrast 13-0° (uncorr.), Price and Green, J. Soc. Chem. Ind., 1920, 39, 981]. The-b. p. 
calculated from Regnault’s equation is 11-2° and not 12-7°, which was presumably determined. 

















TABLE I. 


Temp. Pressure, mm. Pressure, mm. 
Cc —22°9° 1-60 . 701°50 
— “i Bs 4 \cook and Robinson 1032°3 }Perry and Bardwell 
451°6 


Cyanogen chloride 0°00 451°5 
+ 5°48 568°6 }\Cook and Robinson 574°8 |} Regnault 


+ 7°75 626°2 630°4 
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Vapour Density —This was measured for cyanogen, as a check on its purity, by confining the 
gas at known pressure in the known volume E (Fig. 1), which was kept constant to within 
-+ 0-2°, and subsequently weighing the sample. For this purpose, tap T was closed and the rest 
of the system evacuated, then the material in E was condensed in F, which was sealed off and 
removed. (We found it possible to weigh many materials above their critical temperature 
provided suitable vessels are used, this having been done for cyanogen fluoride and silicon 
tetrafluoride.) With F at ca. — 180°, the pressure of the gas in the system could be reduced to 
about 1 mm., and a correction was applied for this residue and also for the air displaced in F. 
The following results show an anticipated departure from the gas laws, but support our belief 
that the material is reasonably pure. 

, Density, g./l. at N.T.P. 
(CN)., g. Vol.,c.c. Press., mm. Temp. Found. Calc. 


0°7405 820°7 316-60 194° 2°321 2°337 
0°7616 820°7 326°12 19°9 2°321 


Liquid Density.—This was determined by sealing off a quantity of liquid in G, which had been 
previously weighed and calibrated as to volume, weighing it, and determining the weight of 
liquid present (with corrections for air displaced), and subsequently determining the volume 
of the liquid at a series of temperatures. 

* Cyanogen. Data for material prepared by the two methods agreed excellently (see below) : 
Dy» = 0-91506(1 — 0-00203), from the m. p. to + 20°. The only earlier measurement, made 
at 17° (Faraday, Joc. cit.), is low, viz., 0-866 against 0-8835 g./c.c. The compound was kept in 
the liquid state for 3 weeks without alteration in density. 


Density of Liquid Cyanogen. 
From AgCN. From KCN and CuSQ,. 








Temp. D, g./c.c. Temp. D, g./c.c. Temp. D, g./c.c. Temp. D, g.Jc.c. 
—26°39° 0°95777 + 17°68° 0°90072 —20°03° 0°95130 — 143° 0°91313 
— 20°85 0°95284 + 13°69 0°88996 — 16°70 0°94587 + 12°29 0°89039 
— 16°50 0°94522 +17°39 0°88093 — 8:03 0°93068 +13°79 0°88986 
— 8°02 0°93003 + 18°69 0°87870 — 3°15 0°92113 + 18°69 0°87974 
— 3°02 0°91987 + 19°39 0°87897 


Cyanogen chloride. Results obtained by the same method conform to D, = 1-2223(1 — 
0-0016772), from the m. p. to 18°: 


5°05° 5°40° 6-00° 9°70° 11°40° 14-00° 
1°222 1:212 1-211 1210 1-201 1°199 1°193 


D. is the same as that of Mauguin and Simon (loc. cit.), and our coefficient of expansion from 
0° to 45°, 0-001677, is close to theirs, 00015. D, and D,. agree well with Price and Green’s 
values (loc. cit.), viz., 1-218 and 1-207. 

Cyanogen bromide. The sclid was introduced into H (Fig. 1), which was evacuated and 
isolated by closing a tap. The material was melted with precaution against decomposition, and 
caused to flow into the lower bulb, which was sealed off at J. Measurements were done up to 
76°, at which some decomposition became apparent; well-stirred, hot water formed the bath. 
Dy = 2-0246(1 — 0-001307). 


Temp. scccrvccssccccsccsesoosccsvose 54-0° 58°0° 60°0° 64°5° 66°60° . 68°75° 76-00° 
Dy, Qs fO.B. vecoceverccccversoesecscee 1881 1873 1°867 1°855 1847 1844 1823 


Cyanogen iodide. Only an approximate determination was possible, as the material 
decomposes at its m. p.: Dyyg- = 2-59 + 0-02 g./c.c. 

Surface Tension.—This was determined for the liquid under its own vapour pressure, two 
capillary tubes being used. 

Cyanogen, cyanogen chloride and bromide. The density of cyanogen vapour was computed 
by extrapolation of Perry and Bardwell’s data (loc. cit.); in the other cases this was not 
necessary. For the three compounds, y, (dynes/cm.) = 18-50(1 — 0-008873¢), 25-80(1 — 
0-005837?), and 36(1 — 0-004785) respectively. 





1004 Certain Physical Properties of Cyanogen and its Halides. 


Surface Tensions and Parachors of Cyanogen, Cyanogen Chloride and Bromide. 


Cyanogen. 
From AgCN. From KCN and CuSOQ,. 








7" ; 
Temp. y: r. Temp. y- P Temp. y- Ye 
+16°25° 15°82 117°1 — 9:06° 19°79 117-7 _ +19°20° 15°08 116°5 
-+- 10°80 16°72 117°5 — 14°58 20°88 118-0 + 6-06 17°56 117°8 
+ 651 17°37 117°7 — 18°88 21°81 118-3 — 3:16 19°21 118-2 
+ 131 18°20 117°6 — 25-0 22°82 118-2 — 14°58 20°98 118-2 
— 412 18°87 117°4 Mean 117°7 — 24°24 22°52 118-0 
Mean 117°7 


The calculated value for the parachor, P, of cyanogen is 125-0. 


Cyanogen chloride. Cyanogen bromide. 
Temp. y. Pd Temp. y. r. Temp. y. a" Temp. y. ¥. 
—6°3° 26°53 1131 +10°0° 24°61 114-1 +55:0° 27°26 1289 +70°0° 24°65 128°2 
0-0 25°79 113°4 +247 22°08 113°6 +60°0 26°37 128-7 +75°0 23°75 127°8 
+58 25°03 113°6 — Mean 113°6 +65°0 25°45 1284 — Mean 1284 


DISCUSSION AND SUMMARY. 


The physical properties of these compounds and of hydrogen cyanide are given in 
Table II. 


TABLE II. 


The Physical Properties of Cyanogen Compounds. 


(CN)>. CNC. CNBr. CNI. CNH. 
—21°17° + 12°6° +61°3° —_— +-25°70° 
6358 — — 
—6°5° +51°3° + 146° 
1-1963 1°8633 (ca. 2°59) 
Coeff. of expansion x 105 , 168°5 145-2 —_ 
Mol. vol. at b. p. . 51°38 56°85 (ca. 58°8) 
Mol. diameter x 10° “808 8°882 9°186 (ca. 9°29) 
dy |dt (obs.) , 0°150 0°176 
Ramsay-Shields const., K + ; _- — 
Trouton’s constant ; 22°26 — 
Chemical constant, i t ‘ 2-988 3°030 
2°390 25°84 
29°36 31°91 
Mean mol. parachor (obs.) ’ 113°6 128°4 
rs ee o toate) ‘ 116°3 130°5 
Parachor of CN (obs.) ‘ 59°8 60°4 
a »  (calc.) = 62°5. 
* X».p. = Molecular heat of vaporisation at the b. p. t K = d[y(M/D)?"}/dt. 
t i = 1:33 log Tp.» — 0°00098 Tp ».. § yup. (Walden) = Ty,p, 2°15 log Ty.» /MV»p.. 


PET TI Idd 


The Ramsay-Shields constant indicates no association in cyanogen, and Trouton’s 
constant is normal, not only for this and for the chloride, but also for the hydride, which is 
known to be associated. The considerable association of hydrogen cyanide is, however, 
best shown by comparing yp,» with that calculated from Walden’s relationship: this would 
appear to indicate that the compound is largely bimolecular at its b. p. (compare Robinson 
and Scott, J., 1932, 972; Durrant, Pearson, and Robinson, J., 1934, 731). The absence of 
association in cyanogen as compared with the chloride and bromide is similarly confirmed : 
a view supported by its feeble solvent powers (Centnerszwer, Z. physikal. Chem., 1901, 39, 
217) and small dipole moment (Braune and Asche, 7bid., 1931, B, 14, 18). 

Ring structures for cyanogen, such as that of Dixon and Taylor (J., 1913, 103, 974) 
based on the assumption (subsequently disproved by Braekken, Norsk. Videnskab. Selskab. 
Forh., 1930, 48, 169) that silver cyanide had the structure Ag*N-:C, are rendered improbable 
by the predictions of Mecke (Z. Physik, 1930, 64, 182) which were realised by Mooney and 
Reid spectroscopically (Proc. Roy. Soc. Edin., 1932, 52, 152), and by the electron-diffraction 
observations of Wierl (Ann. Physik, 1932, 18, 453) and of Brockway (Proc. Nat. Acad. 
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aw t ms Sw but Brockway’s results 
implied that all the atoms lie in a straight line, N seh. c= S: ome & N. The sequence 
of the atoms and the low dipole moment make highly probable the structure NiC-C:N, 
predicted by Pauling and Hendricks (J. Amer. Chem. Soc., 1926, 48, 641). The observed 
parachors of CN (mean 59-7) in the several compounds, though definitely below the 
calculated, 62-5, show little variation among themselves and are in accordance with a triple 
bond. The constants used in calculating the parachors were supplied by Professor 
Sugden, F.R.S., with whom we had the advantage of discussing our results. 

The discrepancy between the observed and the caculated values of the surface tension 
at the boiling point indicates that the chloride and bromide are both slightly associated 
in the liquid state. A plot of melting points and densities against period number of the 
halogen (Fig. 3) shows no irregularities. These compounds are apparently associated 
to a similar degree, which is, however, much less than that of hydrogen cyanide. The 
observed parachors of the chloride and bromide agree fairly well with the calculated values, 
and establish the existence of a triple bond in these substances. 


Sct., 1933, 19, 868). Wierl gives a structure 
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232. Derivatives of 3: 5-Dihalogen-substituted Anilines. 
By F. D. Cuatraway and G. D. PARKES. 


Amon the disubstituted anilines those having halogen atoms in the 3 : 5-positions have 
been least studied. During the past few years in the course of other investigations many 
derivatives of 3 : 5-dichloro- and 3 : 5-dibromo-aniline and of the more highly substituted 
anilines obtained from them have been prepared, and their properties are here briefly 
recorded. 

The bases themselves are comparatively easily prepared from #-nitro-aniline by intro- 
duction of halogen in both o-positions, removal of the amino-group, and subsequent re- 
duction of the nitro-group. Both can be further halogenated, in the #- and one o-position 
when the acetanilides are acted upon, and in the 2-, 4-, and 6-positions when the anilines 
themselves are used. 

The resulting anilines are readily diazotised and the diazonium salts yield hydrazines 
on reduction, and couple and condense in a normal manner. The hydrazines form stable 
and well-crystallised hydrazones, which react with halogens much as other halogen-sub- 
stituted hydrazones do, the w-hydrogen of the aldehyde residue being replaced by halogen, 
which also enters the hydrazine residue in positions o- and #- to the nitrogen when these 
are not already occupied. As in other cases, the action of chlorine is more energetic than 
that of bromine and carries substitution in the hydrazine residue one stage further. Thus 
chlorine substitutes in the p- and both o-positions or such of these as are not already oc- 
cupied, whereas bromine enters only one of the vacant o-positions when both are unoccupied 
and does not substitute in the remaining o-position when one is already occupied. 

These w-substituted hydrazones yield with ammonia hydrazidines, which are converted 
by nitrous acid into the corresponding tetrazoles : 


NHY NHY OH NY 
NH, ro YX —_ * bin 
af 
Phone N N 
a6" A Z—C——NH, O y Soe Vee. | 


Among the w-substituted hydrazones the behaviour of those derived from o0-nitro- 
benzaldehyde is peculiar, the action of ammonia upon them yielding not the basic hydr- 
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azidines but very highly explosive compounds, isodiazole oxides, which on reduction yield 
tsodiazoles : 


CH:N-NHY CX:N-NHY CN. NHY 


OX OO Ke 
—> — 
NO, ‘xo 
Ke. we " ‘y NY —> Oyo 


NO, 


The 3: 5-phenyldiazonium salts couple readily with acetoacetic ester to form ethyl 
3 : 5-dibromo- or 3 : 5-dichloro-phenylazoacetoacetates, which when acted upon by bromine 
in an acetic acid solution of sodium acetate yield the corresponding ethyl a-bromoglyoxylate 
3: 5-dibromo- or 3 : 5-dichloro-phenylhydrazone, or, when glacial acetic acid alone is 
the solvent, ethyl 3: 5-dichloro- or 3: 5-dibromo-phenyl-y’-bromo- or ~yy'-dibromo- 


azoacetoacetates : 


CO-CH,Br(CO-CHBr,) CO-CH, 
Y-NH-N:C:CO,Et <— Y<NH-N:G-CO,Et ” Y-NH-N:C-CO, Et 


These on treatment with sodium ethoxide undergo ring closure and form the corresponding 
4-hydroxy-3-carbethoxy-1-(3’ : 5’-dichloro- or 3’: 5’-dibromo-phenyl)-pyrazoles or -5- 
C(CO,Et)-N 
bromopyrazoles, | NY 
C(OH)—CH (or CBr). 


EXPERIMENTAL. 


The following compounds were prepared by suitable modifications of ordinary methods : 
3 : 5-dibromodiacetanilide, CgH,Br,*N Ac, long colourless prisms from alcohol, m. p. 142° (Found : 
Br, 47-7. C,H,O,NBr, requires Br, 47-85%); 2:3: 4: 5-tetrachloroacetanilide, colourless 
silky needles from acetic acid, m. p. 165° (Found : Cl, 51-35. C,H;ONCI, requires Cl, 51-45%) ; 
3: 4:5: 6-tetrabromoacetanilide, colourless elongated prisms from alcohol, m. p. 264° (Found : 
Br, 70-95. C,H,ONBr, requires Br, 70-:9%); 2:3:4: 5: 6-pentabromodiacetanilide, by acetyl- 
ation of pentabromoaniline, colourless rhombic plates from alcohol, m. p. 198° (Found: Br, 
60-7. C,,H,O,NBr, requires Br, 60-7%); 3: 5-dichloro-o-nitrobenzanilide, short, pale yellow, 
flattened prisms, m. p. 202° (Found: Cl, 22-8. C,,;H,O,N,Cl, requires Cl, 22-8%); 3: 5- 
dichloro-m-nitrobenzanilide, pale yellow prisms, m. p. 195° (Found: Cl, 22-8%); 3: 5-dichloro- 
p-nitrobenzanilide, pale yellow prisms, m. p. 221° (Found: Cl, 22-9%); 3: 5-dibromo-o-nitro- 
benzanilide, slender yellow prisms, m. p. 228° (Found: Br, 40-3. C,3;H,O,;N,Br, requires 
Br, 40:2%); 3: 5-dibromo-m-nitrobenzanilide, pale yellow prisms, m. p. 220° (Found: 
Br, 40-1%); 3 : 5-dibromo-p-nitrobenzanilide, pale yellow prisms, m. p. 240° (Found: 
Br, 40-15%). These nitro-compounds were all crystallised from glacial acetic acid. 

3 : 5-Dichlorobenzeneazo-2’-phenol, CgH,Cl,"N,°C,H,-OH, was prepared by slow addition of 
a cold solution of 3 : 5-dichlorobenzenediazonium chloride (from 3 g. of 3 : 5-dichloroaniline) 
to a cooled solution of 10 g. of phenol and 30 g. of sodium hydroxide in 150 c.c. of water, followed 
by acidification with acetic acid and steam-distillation. The o-compound separated from the 
distillate as a yellow solid very easily soluble in hot alcohol, from which it crystallised in orange 
needles, m. p. 142° (Found: C, 53-4; H, 3-1; N, 10-35. C,,H,ON,Cl, requires C, 53-9; H, 
3-0; N, 105%). 3: 5-Dichlorobenzeneazo-4’-phenol remained in the distilling flask; it formed 
brick-red prisms from alcohol, m. p. 138° (Found: Cl, 24-4. C,,H,ON,CI, requires Cl, 26-6%). 
The following were obtained similarly : 3 : 5-dibromobenzeneazo-2’-phenol, lemon-yellow needles 
from alcohol, m. p. 161° (Found: Br, 44-8. C,,H,ON,Br, requires Br, 44-9%); 3 : 5-dibromo- 
benzeneazo-4’-phenol, light reddish-brown plates from toluene, m. p. 162° (Found: Br, 44:8%) ; 
3: 5: 3’ : 5’-tetrachloro-2 : 4-bisbenzeneazophenol, brown needles from glacial acetic acid, m. p. 
236° (Found: Cl, 31-8. C,,H,ON,Cl, requires Cl, 32:.0%); 3:5: 3’: 5’-tetrabromo-2 : 4- 
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bisbenzeneazophenol, brown needles from toluene, m. p. 274° (Found: Br, 60-0. C,,H,ON,Br, 
requires Br, 60:1%); 3: 5-dichlorobenzeneazo-B-naphthol, scarlet prisms from glacial acetic 
acid, m. p. 203° (Found: Cl, 22-5. C,,H,ON,Cl, requires Cl, 22.4%); 2:3: 4: 5-tetrachloro- 
benzeneazo-B-naphihol, scarlet prisms from glacial acetic acid, m. p. 252° (Found: Cl, 36-6. 
C,,H,ON,Cl, requires Cl, 36-8%); 3: 5-dibromobenzeneazo-B-naphthol, clusters of orange-red 
prisms from glacial acetic acid, m. p. 235° (in a sealed tube) (Found : Br, 39-3. C,,H,ON,Br, 
requires Br, 39-4%). 

Benzaldehyde- and nitrobenzaldehyde-3 : 5-dichloro- and -3 : 5-dibromo-phenylhydrazones 
react with halogens similarly to other halogen-substituted phenylhydrazones (compare Chatta- 
way and Walker, J., 1925, 127, 975, 1687, 2407; 1927, 323). The following compounds have 
been obtained : w-chloro-o-nitrobenzaldehydepentachlorophenylhydrazone, 

NO,°C,H,-CCLN-NH-C,Cl,, 
pale yellow plates, m. p. 137° (Found: Cl, 47-3. C,3;H,;O,N,Cl, requires Cl, 47-5%); w-chloro- 
m-nitrobenzaldehydepentachlorophenylhydrazone, very pale yellow, felted needles, m. p. 198° 
(Found: Cl, 47:4%); «-chloro-p-nitrobenzaldehydepentachlorophenylhydrazone, pale yellow, 
felted needles, m. p. 208° (Found: Cl, 47-3%); w-bromobenzaldehyde-2 : 3: 4: 5-tetrabromo- 
phenylhydrazone, golden-yellow needles from alcohol, m. p. 190° (Found: Br, 67-7. C,;H,N;Br, 
requires Br, 67-5%); w-bromo-o-nitrobenzaldehyde-2 : 3 : 4: 5-tetrabromophenylhydrazone, pale 
yellow needles from glacial acetic acid, m. p. 161° (Found: Br, 62-7. C,;H,O,N,Br, requires 
Br, 62:9%); w-bromo-m-nitrobenzaldehyde-2 : 3: 4: 5-tetrabromophenylhydrazone, pale yellow 
needles from xylene, m. p. 242° (Found: Br, 62-8%); w-bromo-p-nitrobenzaldehyde-2 : 3: 4: 5- 
tetrabromophenylhydrazone, felted yellow needles from xylene, m. p. 268° (Found: Br, 62-7%); 
w-bromobenzaldehydepentabromophenylhydrazone, colourless needles from toluene, m. p. 179° 
(Found: Br, 71-5. C,;H,N,Br, requires Br, 71:7%); w-bromo-o-nitrobenzaldehydepenta- 
bromophenylhydrazone, pale yellow needles from toluene, m. p. 240° (Found: Br, 67-0. 
C,;H,O,N,Br, requires Br, 67-1%); «-bromo-m-niirobenzaldehydepentabromophenylhydrazone, 
short yellow prisms from acetic anhydride, m. p. 255° (Found: Br, 67-0%); w-bromo-p-nitro- 
benzaldehydepentabromophenylhydrazone, thin yellow needles from toluene, m. p. 265° (Found : 
Br, 67-0%); m-nitrobenzaldehydepentachlorophenylhydrazidine, NO,°C,gH,y’C(NH,):N-NH‘C,Cl,, 
glistening yellow plates from acetic acid, m. p. 210° (Found: Cl, 41-2. C,;H,O,N,Cl, requires 
Cl, 41-4%); p-nitrobenzaldehydepentachlorophenylhydrazidine, very small, orange needles from 
acetic acid, m. p. 217° (Found: Cl, 41-2%) ; benzaldehyde-2 : 3 : 4: 5-tetrabromophenylhydrazidine, 
small colourless plates from toluene, m. p. 171° (Found: Br, 60-6. C,,;H,N,Br, requires 
Br, 60:7%); m-nitrobenzaldehyde-2 : 3: 4: 5-tetrabromophenylhydrazidine occurs in two poly- 
morphic forms, separating from xylene in very small, pale orange-yellow crystals, which slowly 
transform into deep crimson needles, m. p. 218° (Found: Br, 55-7. C,;H,O,N,Br, requires 
Br, 55-9%); p-nitrobenzaldehyde-2 : 3: 4: 5-tetrabromophenylhydrazidine, deep scarlet needles 
from xylene, m. p. 248° (Found: Br, 55:7%); benzaldehydepentabromophenylhydrazidine, 
pale blue-coloured, microscopic crystals from benzene, m. p. 106° (Found: Br, 65-9. C,,H,N,Br; 
requires Br, 66-0%); m-mnitrobenzaldehydepentabromophenylhydrazidine, hexagonal prisms 
from toluene, m. p. 227° (Found: Br, 61-3. C,;H,O,N,Br, requires Br, 61-4%); p-nitro- 
benzaldehydepentabromophenylhydrazidine, scarlet needles from toluene, m. p. 248° (Found : Br, 
61-3%). , 
F ‘ , JON 

Nitrosocycloazipentachlorobenziriazone, ca,—nNo7N ‘C,Cl;, deep yellow, very small 
crystals from toluene, explodes at 128° (Found: Cl, 43-0. C,,H,O,N;Cl, requires Cl, 43-1%) ; 
nitrosocycloazitetrabromobenztriazone, bright yellow, very small crystals from toluene, explodes 
at 155° (Found: Br, 57-5. C,,H,O,N,Br, requires Br, 57-7%); mitrosocycloazipentabromo- 
benztriazone, very small, bright yellow crystals from toluene, explodes at 157° (Found: Br, 
62-9. C,,;H,O,N,Br, requires Br, 63-1%). 

Preparation of 3: 5-Dihalogenophenylazoacetoacetates and Derivatives.—3 : 5-Dichloro- and 
3 : 5-dibromo-benzenediazonium chloride couple readily with acetoacetic ester in presence of 
sodium acetate to form ethyl 3: 5-dichloro- and 3 : 5-dibromo-phenylazoacetoacetates. Other 
more highly halogenated benzenediazonium salts behave similarly. These compounds react 
with halogens in an exactly similar manner to other halogen-substituted phenylazoacetoacetates 
previously described (Chattaway and Lye, Proc. Roy. Soc., 1932, A, 185, 282). 

The following ethyl esters have been prepared: 3: 5-dichlorophenylazoacetoacetate, long, 
pale yellow prisms from alcohol, m. p. 106° (Found: N, 9-4; Cl, 23-3. C,,H,,O,N,Cl, requires 
N, 9-2; Cl, 23-4%); 3: 5-dichloro-4-bromophenylazoacetoacetate, long, slender, pale yellow prisms 
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from alcohol, m. p. 127° (Found: Cl, 18-2; Br, 20-4. C,,H,,0O,N,Cl,Br requires Cl, 18-6; 
Br, 20-9%); 3: 5-dibromophenylazoacetoacetate, pale yellow needles from alcohol, m. p. 96° 
(Found: Br, 40-6. C,,H,,0,N,Br, requires Br, 40-8%); 3:4: 5-tribromophenylazoaceto- 
acetate, yellow needles from alcohol, m. p. 146° (Found: Br, 50-8. C,,H,,O,;N,Br, requires 
Br, 50-95%); «-bromoglyoxylate-3 : 5-dichloro-4-bromophenylhydrazone, long, slender, colourless 
prisms from alcohol, m. p. 176° (Found : Cl, 16-9; Br, 38-2. C,)H,O,N,Cl,Br, requires Cl, 16-9; 
Br, 38-2%); «-bromoglyoxylate-3 : 4 : 5-tribromophenylhydrazone, colourless needles from alcohol, 
m. p. 129° (Found: Br, 62-9. C,,H,O,N,Br, requires Br, 63-0%). 
BBw-Tribromo-a-ketopropaldehyde-3 : 5-dichloro-2 : 4-dibromophenylhydrazone, 
CHBr,°CO-CBr:N-NH‘C,HCI,Br,, 

forms pale yellow, hair-like prisms from glacial acetic acid, m. p. 223° (Found: Cl, 11-25; 
Br, 63-5; N, 4-4. C,H,ON,CI,Br, requires Cl, 11-3; Br, 63-9; N, 4:5%). 

Ethyl «-chloroglyoxylate-2 : 3: 4: 5-tetrachlorophenylhydrazone forms long colourless prisms 
from alcohol, m. p. 128° (Found: Cl, 48-4. C,,H,O,N,Cl, requires Cl, 48-5%); ethyl «-amino- 
glyoxylate-3 : 5-dichloro-4-bromophenylhydrazone, slender prisms from alcohol, m. p. 180° 
(Found: Cl, 19-8; Br, 22-3. C,9H,,O,N,Cl,Br requires Cl, 20-0; Br, 22-5%); ethyl a-amino- 
glyoxylate-2 : 3: 4: 5-tetrachlorophenylhydvazone, long slender prisms from alcohol, m. p. 148° 
(Found: Cl, 41-0. C,,H,O,N,Cl, requires Cl, 41-1%). 

Ethyl 3 : 5-dichlorophenylazo~y-bromoacetoacetate forms long, slender, yellow prisms from 
alcohol, m. p. 110° (Found : Cl, 18-6; Br, 20-9. C,,H,,O,N,Cl,Br requires Cl, 18-6; Br, 20-99%) ; 
ethyl 3: 5-dichlorophenylazo-yy’-dibromoacetoacetate, long yellow prisms from alcohol, m. p. 
126° (Found: Cl, 15-2; Br, 34-2. C,,H,,O;N,Cl,Br, requires Cl, 15-4; Br, 347%); ethyl 
3 : 5-dichloro-4-bromophenylazo-y-bromoacetoacetate, long yellow needles from alcohol, m. p. 
146° (Found: Cl, 15-3; Br, 343%); ethyl 3: 5-dichloro-4-bromophenylazo-py’-dibromoaceto- 
acetate, pale yellow prisms from alcohol, m. p. 125° (Found : Cl, 12-9; Br, 43-5. C,3;H,O,N,Cl,Br, 
requires Cl, 13-1; Br, 44.4%); ethyl 3: 5-dibromophenylazo~y-bromoacetoacetate, yellow needles 
from alcohol, m. p. 134° (Found: Br, 53-6. C,,H,,O,N,Br, requires Br, 53-7%); ethyl 3: 5- 
dibromophenylazo-yy’-dibromoacetoacetate, long yellow needles from alcohol, m. p. 123° (Found : 
Br, 60-6. C,,H,O,N,Br, requires Br, 60-8%). 

4-Hydroxy-3-carbethoxy-1-(3’ : 5’-dichlorophenyl)pyrazole forms small colourless prisms from 
alcohol, m. p. 154° (Found : Cl, 23-3. C,,H,,O,N,Cl, requires Cl, 23-5%); acetate, m. p. 123°; 
5-bromo-4-hydroxy-3-carbethoxy-1-(3’ : 5’-dichlorophenyl)pyrazole, colourless prisms from alcohol, 
m. p. 156° (Found: Cl, 18-7; Br, 21-2. C,,H,O,N,Cl,Br requires Cl, 18-7; Br, 21-1%); 
acetate, m. p. 101°; 4-hydroxy-3-carbethoxy-1-(3’ : 5’-dibromophenyl)pyrazole, colourless prisms 
from alcohol, m. p. 154° (Found: Br, 41-1. C,,H,,O,;N,Br, requires Br, 41-0%); acetate, 
m. p. 125°. 
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233. Complex-anion Formation by Tervalent Elements: The 
Structure of Cesium Thallic Enneachloride. 


By H. M. Powe t and A. F. WELLs. 


C&sIuM thallic enneachloride, Cs,T1,Cl,, has been examined because compounds of similar 
formula are given by a number of tervalent elements and are often of greater stability than 
the complex chlorides of the simpler formula A;M™Cl, (A = univalent metal). Since 
this paper was first submitted, Hoard and Goldstein (J. Chem. Physics, 1935, 199) have 
published a structure for this compound. Our conclusions are essentially the same as theirs. 


EXPERIMENTAL. 


The material, prepared according to Pratt (Amer. J. Sci., 1895, 49, 397) by adding a satur- 
ated aqueous solution of 2 g. of cesium chloride to one of 5 g. of thallic chloride, was precip- 
itated in the cold as hexagonal plates, which on recrystallisation gave prisms elongated along c. 
Prisms tabular on the basal plane were obtained from a solution containing 3 g. of cesium 
chloride and 5 g. of thallic chloride [Found : Tl (as T1,CrO,), 36-05; Cl (as AgCl), 27-95. Calc. ; 
Tl, 36-22; Cl, 28-36%]. The density (pyknometer method) was 4-31 g./c.c. at 20°. According 
to Pratt (loc. cit.) the crystals are hexagonal with a:c = 1 : 0-8257, and our crystals conform 
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to his description. Oscillation photographs taken over 15° ranges with copper radiation gave 
the following translations: along the a axis 22-12, along a horizontal axis at 30° to the a axis 
12-82 (= 22-12/ / 3), along the c axis 18-27 A. Photographs taken with crystals elongated along 
c rotating about the c axis appeared symmetrical about the equator, but the systematic absences 
suggested that the crystals might have a rhombohedral lattice obscured by twinning on the 
basal plane. The broken appearance of a number of spots on the strong fourth layer line also 
suggested the possibility of repeating twinning. All crystals of this kind examined gave 
equatorially symmetrical pictures, but some crystals of the tabular kind behaved differently. 
The first crystals used gave reflexions of similar spacings but of different intensities on the 
+ 4 and — 4 layer lines, and similar results were observed for the + 2 and — 2 layer lines. 
The first and the fifth layer lines were almost entirely missing, while reflexions of similar 
spacing on the + 3 and + 6 layer lines which are permitted by the rhombohedral lattice had 
about equal intensities on the upper and lower lines. On the assumption that the crystal 
was twinned, two sets of reflexions due to the separate rhombohedral individuals could be dis- 
tinguished, and, for corresponding indices, one set was found to be uniformly weaker than the 
other. Finally, a tabular crystal was obtained which was shown from a Laue photograph to be 
trigonal, and oscillation photographs from this showed the usual absences due to a rhombo- 
hedral Bravais lattice. Only on one photograph of very long exposure was there one very 


Close packing of Cl (plain) and Cs (shaded). The atoms 
at height (0) are drawn heavily; those at height (4) are 
shown by broken circles. 


faint spot in disagreement with this, probably indicating that the crystal used was not completely 
one individual. The structure may therefore be referred to a hexagonal cell with the a axis 
at 30° to that of the original description having a, = 12-82, c, = 18-27 A. and, from the density, 
6-03 ~ 6 molecules per unit cell, or to a rhombohedral cell a, = 9-58 A., « = 83° 56’ with two 
molecules per cell. The absences indicated that the space-group is R3c or R3c (C,® or D,S). 
There was no pyroelectric effect or other evidence of polarity, but the twinning makes a 
definite decision impossible. 

A structure was derived mainly from consideration of atomic sizes, and then modified to 
give better agreement with the observed intensities. It is evident from the space-group sym- 
metry, the space available, and the almost complete absence of layer lines 1, 2, 5, and 7 for 
oscillation about the trigonal axis, that the structure consists basically of six closely packed 
layers of chlorine and cesium ions parallel to the (0001) piane of the hexagonal cell. The smaller 
thallium must occupy spaces between the closely packed layers. On the assumption that the 
czsium ions are to be kept as far as possible apart from each other, idealised co-ordinates are 
obtained with special values of the parameters in the following positions of the space-group 
R3c (Wyckoff, ‘‘ Analytical Expression,’ 2nd Edn.) (the co-ordinates refer to the rhombohedral 
unit cell): 6Cs (e) uuz0, etc., with « = %; 6Cl (e) with « = 4; 12Cl (/), xyz, etc., with x = }, 
y=4,2=0. 

The sequence of layers is illustrated by the scale drawing (Fig. 1) and is that for hexagonal 
close packing of spheres, alternate layers being similar. The hexagonal close packing is revealed 
in the axial ratio, which may be written for Pratt’s original setting (Joc. cit.) as 2c: a = 1-65: 1, 
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the calculated axial ratio for close packing being 1-633: 1. The idealised position for thallium 
is (c) wuu, etc., with w« = ,;. Each thallium would then be half way between successive layers 
and equidistant from six chlorines, and one-third of the possible spaces between chlorine layers 
are without thallium atoms. 

The ideal structure does not fit the observed intensities of reflexion, the chief discrepancies 
being that the relative intensities of orders from the basal plane (222, 444, and 666 in rhombo- 
hedral indices) are not correct, and the strongness of the fourth layer line relative to the second 
for oscillation about the trigonal axis is not explained. Some distortion of the structure is 
therefore necessary, and nearly complete agreement is obtained by a displacement of the thallium 
atoms alone to u = ,', instead of ,'5. 

Hoard and Goldstein compared intensities observed from a twinned crystal, using only those 
reflexions which would be unaffected by the twinning. We find fairly good agreement (Table 
I) between intensities calculated by the formula J oc [(1 + cos*20)/2 sin 26]|S|? and those ob- 
served from an untwinned crystal for all types of indices. These intensities are calculated for 
cesium and chlorine in the ideal positions and thallium at u = ,'5, with f values of Pauling 
and Sherman (Z. Krist., 1932, 81, 1). Corrections were applied to the calculated intensities 
according to Cox and Shaw (Proc. Roy. Soc., 1930, A, 127, 71). Our intensities cannot be com- 
pared directly with those of Hoard and Goldstein since these authors appear to have used 
X-radiation of wave-length different from ours. 


TABLE I. 


(Indices are rhombohedral.) 
2 I, I, I, I, I, 
Indices. calc. obs. Indices. calc. obs. Indices. calc. Indices. calc. 
200 24 w 257 46 s 312 37 132 8 
400 69 m 781 59 ms 513 80 244 3 
600 35 w 693 82 614 323 4°4 
800 1:8 541 80 311 215 3°6 
202 175 347 7 137 915 46 
303 0°6 131 515 321 434 ll 
404 55 242 380 7 423 625 6°7 
505 36 363 62 523 726 6 
606 79 484 613 332 44 
222 157 204 6 541 433 25 
444 138 053 3 214 121 376 
666 68 401 31 433 431 95 
101 129 503 17 324 i 723 32 
203 0-3 106 0 i 313 824 24 
303 189 103 119 115 521 0-2 
404 0-4 i 062 20 114 813 26 
505 8 vw 420 345 ‘ 215 335 51 
606 118 ms 803 57 316 725 ll 
413 17 w 102 123 436 815 ll 
426 03 ~~ onil 105 32 321 417 12 
533 11 w 413 4°6 623 161 21 


Oscillation photographs of long exposure about [111] show a few very weak reflexions on 
the first and fifth layer lines. The intensities calculated for these are all zero with the para- 
meters given above, and it is evident that some further slight distortion of the structure is 
required. The interatomic distances given by these parameters are Tl-3Cl 2-8, T1-3Cl 2-5, 
Cl-(8Cl + 4Cs) 3-7, Cs-12Cl 3-7 A. Hoard and Goldstein suggest chlorine parameters slightly 
modified from the ideal in order to bring the interatomic distances more into agreement with 
expected values, mainly by shortening the edges of the shared face of the complex ion. These 
modifications are in themselves probable, and our observations of weak first and fifth layer 
line reflexions show that some such changes are necessary. The X-ray data obtainable are, 
however, not sufficient for accurate parameter determination. 

The structure contains the complex ion T1,Cl,, consisting of two thallium atoms each sur- 
rounded by six chlorine atoms in the form of an octahedron, the two octahedra having one face 
incommon. The thallium atoms are displaced from the centres of the octahedra away from 
each other, so that the CIl-T1 distance is less when the chlorine belongs to one octahedron than 
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when it is shared between two. The complex ion is illustrated in Fig. 2, and a unit of the structure 
in Fig. 3. As in the structure of cesium arsenic enneachloride (Hoard and Goldstein, J. Chem. 
Physics, 1935, 116), cesium has twelve chlorine neighbours. The great modifying influence 
of other circumstances on the co-ordination number observed compared with that expected 
from radius ratio alone is evident from the fact that cesium and chlorine have now been found 
in crystal structures where the number of chlorine neighbours around cesium is 6, as in the high- 
temperature form of cesium chloride (Wagner and Lippert, Z. physikal. Chem., 1933, 21, B, 471), 8 
in ordinary cesium chloride, 10 in tricesium cobalt pentachloride (Powell and Wells, this vol., p. 
359), and 12 in these two types of enneachloride. Each chlorine atom has four cesium and eight 
chlorine neighbours in the close-packing positions. Two-thirds of them have one thallium and 
one-third have two thallium neighbours. 





T1,Cl, group. 


Atoms in the same layer perpendicular to 
the trigonal axis are enclosed by aline. Small 
triangles link chlorine atoms arranged in 
groups of three around trigonal axes. 


If possible slight distortions are ignored, the structure has horizontal planes of symmetry 
apart from the thallium atoms, and the twinning may be brought about by these atoms entering 
some of the positions, between chlorine atoms, which should be unoccupied. One individual 
of the twin may be derived from the other either by reflexion across the basal plane or by a rota- 


tion of 60° about the trigonal axis. 
DISCUSSION. 


Tervalent metals in general give rise to a more complex series of halogeno-salts than do 
the bi- and quadri-valent metals. Compounds of the simple series A,MHl,, with the ex- 
ception of the fluorides, are often exceedingly soluble, hygroscopic, and not recrystallisable 
from water. Other types formed are a limited number of formula AMHI,; hydrated 
hexachlorides A,MC1,,xH,O (x frequently 2) ; an extensive series of isomorphous compounds 
A,(MHI1,,H,O), where M for a suitable cation and halogen may be Cr, Mo, In, Tl, V, Mn, Fe, 
Ti, Ru, or Rh; enneahalides A,M,Hl,, examples being known when M is Mo, W, TI, As, Sb, 
Bi, Fe, Al (?), and Cr; and other compounds of more complex formula. 

This behaviour cannot be explained by assuming that it is impossible on account of 
unfavourable radius ratio to have, e¢.g., six chlorine atoms around the tervalent metal atom 
to form the complex anion MCl,, since six chlorine atoms are arranged round some of the 
smallest of these in the anhydrous trichlorides of iron and chromium, and probably for 
the other metals in the hydrated hexachlorides and in the enneachlorides, and even six 
of the larger bromine atoms may surround an iron atom in the compound of pyridinium 
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bromide and ferric bromide (PyH),Fe,Br,. The widespread replacement of one chlorine 
or bromine atom to form the complex (MH1,,H,O) must be attributed to causes other than 
the smaller effective radius of the water molecule. 

The complexity of these series is in part due to the instability of the resulting crystal 
structure of the simpler compounds A,MCl,, which results in the crystallisation of alter- 
native compounds. The fluorides such as ammonium ferrifluoride, (NH,),;FeF,, form an 
electrically stable and very compact structure of the anti-yttrofluorite type (Pauling, 
‘‘ Strukturbericht,” p. 449). With increase in the size of the complex anion, it becomes 
increasingly difficult to form a compact structure of this type, since the arrangement of 
the octahedral groups produces gaps in the structure which are somewhat large compared 
with the cations which should occupy them, and similar difficulties may be anticipated 
with alternative structures. Increase in the radius of the cation will tend to stabilise the 
structure. In general agreement with these suggestions, it is found that the complex 
fluorides of tervalent metals usually have the formula A,MF, and arestable. The extreme 
solubility and hygroscopic nature of the chlorides point to instability of the crystal lattice, 
and the increase of stability with increasing cation radius is shown by compounds containing 
the complex (MoCI,)*, it being found (Bucknall, Carter, and Wardlaw, J., 1927, 512) that 
the potassium and ammonium salts are extremely soluble in cold water, but the rubidium 
compound is almost insoluble and the cesium compound quite so. 

On this view the formation of the alternative series of salts is readily explicable. Water 
molecules in the hydrated salts will help to fill gaps in the structure, and a detailed in- 
vestigation of the structure of these compounds should reveal why the water content is 
frequently two molecules. The formation of a bivalent complex anion by replacement of 
one halogen atom by water makes the compounds analogous to the series A,MCl,, with the 
possibility of a related structure for which a very large ratio of anion to cation radius is 
permissible. Formation of compounds of the enneachloride type is a particularly favourable 
way of obtaining compact structures, both the arsenic and the thallic compound being char- 
acteristically close packed. 

The two types are respectively cubic and hexagonal close packed, and differ in the manner 
in which chlorine atoms are shared between two octahedra. In the thallium compound, 
two octahedron faces are shared and the complex anion T1,Cl,*- may be distinguished in 
the structure. It does not follow that this ion will exist in solution, but Collenberg and 
Sandved (Z. anorg. Chem., 1923, 130, 1) have shown, from freezing-point depressions and 
conductivities of alkali tungsten enneachlorides, that a similar polynuclear complex * can 
exist in solution. In the arsenic compound, corners of octahedra are shared, and if a 
complex anion exists it is of the highly condensed type stretching throughout the crystal. 
It appears rather, according to Hoard and Goldstein (loc. cit.), that the arsenic trichloride 
molecule persists in the crystal and is built into the structure with cesium and chlorine 
ions. The resemblance in formule of compounds of this type (which are presumably 
given only by elements such as arsenic, antimony, and bismuth that form stable trichloride 
molecules of pyramidal configuration) to the enneachlorides given by thallium, tungsten, 
and possibly other elements, is due to geometrical requirements of the structures rather 
than to chemical similarities of the elements. 


DEPARTMENT OF MINERALOGY, UNIVERSITY MusEuUM, OXFORD. [Received, April 10th, 1935.] 





234. Acetone Derivatives of Methylglycosides. 
By R. G. Autt, W. N. Haworth, and E. L. Hirst. 


THE geometry of the conformation of the sugar rings is a subject of which little experimental 
evidence is available. The possibility of the existence of strainless rings has been already 
explored (Haworth, ‘‘ The Constitution of Sugars,”’ 1929, p. 90). Interpretations of the 


* (Note, added in proof.) Brosset (Nature, 1935, 135, 874) has now shown that this complex W,Cl,*- 
persists in the crystals. 
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X-ray data carried out in these laboratories by E. G. Cox (J., 1931, 2313; 1932, 138; 
Cox and Goodwin, J., 1932, 1844) have favoured the adoption of one form of strainless 
rings for various sugars and their glycosides. This form represents the oxygen of a pyranose 
ring as occupying a plane different from that of the five carbon atoms. The existence of 
trimethyl 1 : 4-anhydroglucopyranose (I), which has a bridged-ring structure as in camphor, 
requires the conformation of a boat-shaped or cis-type of pyranose ring in which strain 
is entirely eliminated. On a previous occasion we showed that xylofuranose 1 : 2-3 : 5- 
diacetone has a completely strainless structure (II) inasmuch as the union of the acetone 
residue at positions 3 and 5 is possible without deflexion of any valency direction, despite 
the fact that the hydroxyl groups involved in the union of the acetone residue are not 
attached at contiguous carbon atoms (Fig. la) (Haworth and Porter, J., 1928, 611). 
Recently we have examined other examples of this type. It has already been shown 
that when mannose condenses with acetone the pyranose ring is ruptured and the acetone 
groups attach themselves at what seem the most convenient cis-hydroxyl positions of 
a mannofuranose structure, namely, at the positions 2:3 and 5:6 (III). We now 
record the isolation of the crystalline «-methylglycoside of (III). In these furanose 
forms, however, no question of ring conformation arises, inasmuch as it is highly 
probable that all the atoms in a furanose ring are co-planar. This condition need not 
obtain in a pyranose form of mannose and accordingly we attempted to prepare a diacetone 
derivative of «-methylmannoside. It was found that in the presence of copper sulphate 
or hydrogen chloride as catalyst acetone containing no methyl alcohol condensed with 
a-methylmannopyranoside to give the 2 : 3-4 : 6-diacetone derivative (IV). If a model of 
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the pyranose form of «-methylmannoside be constructed, it will be seen that the hydroxyls 
at positions 4 and 6 are somewhat remote in the model built up as a flat ring in which all 
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(a) Skeleton of 3: 5-acetone linking in (b) Skeleton of 2: 3-4: 6-acetone linkings in 
xylofuranose diacetone. a-methylmannopyranoside diacetone. 


the atoms constituting it are co-planar. In several forms, however, of both cis- and trans- 
conformations the hydroxyl groups at these two positions are brought in such spatial 
proximity as to be equivalent to a pair of cis-hydroxyl groups attached at contiguous 
carbon atoms (Fig. 1b). In these cases the attachment of an acetone residue at positions 
4 and 6 may occur without strain or deflexion of the valency bonds. The above a-methyl- 
mannopyranoside 2 : 3-4 : 6-diacetone is a well-defined crystalline substance and we have 
also prepared the corresponding 2 : 3-monoacetone, which is similarly crystalline (compare 
Ault, Haworth, and Hirst, this vol., p. 517). The latter on methylation gives rise to 4 : 6- 
dimethyl a-methylmannopyranoside 2: 3-diacetone and this passes on hydrolysis to 4 : 6- 
dimethyl a-methylmannopyranoside and to 4: 6-dimethyl mannopyranose. By condensing 
the last compound with acetone, the crystalline 4: 6-dimethyl a-mannopyranose 2 : 3- 
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monoacetone was prepared. The reducing hydroxyl position 1 in this substance is un- 
substituted, as is shown by its vigorous reducing action towards Fehling’s solution. 

The above experiments enabled us to proceed with the preparation of substances which 
may be of importance as reference compounds. In this respect 4 : 6-dimethyl 8-mannono- 
lactone is of interest. It is a crystalline substance which displays a change of rotation 
comparable in velocity with that of tetramethyl 8-mannonolactone and it yields a crystalline 
phenylhydrazide. When shaken with acetone in the presence of anhydrous copper sulphate, 
it gave 4: 6-dimethyl 3-mannonolactone 2 : 3-monoacetone, which also is crystalline, and 
attention is directed to the interesting mutarotation phenomena of this substance in alcohol. 
Methylation of 4:6-dimethyl 3-mannonolactone gave the already known 2:3: 4: 6- 
tetramethyl 8-mannonolactone and its crystalline phenylhydrazide. 

The allocation of a structure to «-methylmannopyranoside diacetone is based upon 
the following argument. Both acetone residues can be eliminated with ease to give a 
quantitative yield of «-methylmannopyranoside. The 4: 6-dimethyl mannonolactone 
behaves entirely as a 3-lactone and no trace of a y-lactone was found. This lactone yields 
an amide which gives a positive Weerman reaction and consequently the 2-position is 
occupied by a free hydroxyl group. It is highly probable that there is also a hydroxyl 
group at position 3. The only alternative for this second hydroxyl is at position 4, but 
in this case we should expect to be able to isolate a y-lactone as well as a 3-lactone; this, 
however, is not the case. The properties of «-methylmannoside 2 : 3-monoacetone have 
been described by Ault, Haworth, Hirst (loc. cit.), who show that this readily gives rise 
on oxidation, followed by elimination of the acetone residue, to «-methylmannuronide. 
It is therefore clear that in the monoacetone compound the 6-position is free for oxidation 
to a carboxyl group. We have therefore allocated the 2 : 3-position to the monoacetone 
and the 2 : 3-4 : 6-positions to the «-methylmannoside diacetone, and this is in agreement 
with all the facts. : 

We have extended our experiments also to prepare similar derivatives from $-methyl- 
mannopyranoside, which is less accessible than the «-form (Bott, Haworth, and Hirst, 
J., 1930, 2656). When shaken with acetone in the presence of anhydrous copper sulphate 
during a period of five months, this gave rise in good yield to the crystalline B-methyl- 
mannopyranoside 2: 3-4: 6-diacetone. It is curious that this isomeride has the same 
melting point (76—77°) as the foregoing «-form, but a mixture of the two depresses the 
melting point. Removal of the acetone group gives rise to the original 8-methylmanno- 
pyranoside, but, even after this purification of the latter by passing through the crystalline 
diacetone derivative, the @-methylmannopyranoside was not crystalline, nor has it ever 
been obtained crystalline. Accompanying the formation of this diacetone derivative 
there occurred also the 8-methylmannopyranoside 2 : 3-monoacetone, although this has not 
yet been obtained quite free from the diacetone compound. 

In an attempt to prepare the above substances by condensation of 6-methylmanno- 
pyranoside with acetone in the presence of 1% hydrogen chloride we found that the gluco- 
sidic methyl group was hydrolysed and the product isolated was the mannofuranose 
2 : 3-5 : 6-diacetone (Haworth and Porter, J., 1930, 649). It is therefore evident that, 
although the use of copper sulphate as a catalyst preserved both the 8-methylglycosidic 
group and the pyranose structure, yet the use of hydrogen chloride (which was successful 
in the «-series) alters the structure in the B-series. This is undoubtedly due to the accumul- 
ation of water molecules from the condensation with acetone. In presence of hydrogen 
chloride the hydrogen-ion concentration is sufficient to hydrolyse completely the glycosidic 
group, leaving a free reducing group in this position and thus permitting of ring change to 
the furanose form. 

In this connexion it is important to observe that if acetone containing methyl alcohol 
as impurity be employed, the use of hydrogen chloride as catalyst is equally inapplicable 
to both «- and $-methylmannopyranosides. Under these conditions an equilibrium is 
established between the a- and $-forms of the mannopyranosides and mannofuranosides 
and the resulting acetone condensation products are mixtures containing methylmanno- 
furanoside 2 : 3-5: 6-diacetone. It was doubtless under these conditions that Levene 
and Meyer (J. Biol. Chem., 1928, 78, 363) isolated the latter substance and suggested that 
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acetonisation of «-methylmannopyranoside led to a change of ring structure from pyranoside 
to furanoside. Had this been the correct explanation of the formation of Levene and 
Meyer’s products, it would have been indeed a unique example of ring change. We have 
been able to imitate all Levene and Meyer’s results by introducing methyl alcohol deliber- 
ately into the acetone employed in the condensation. The facts are, as we have shown 
above, that no such ring shift occurs when «-methylmannopyranoside is condensed with 
acetone either with hydrogen chloride or with copper sulphate as catalyst unless methyl 
alcohol is present as impurity. In the latter case, all the conditions which are well re- 
cognised as establishing ring change are present, inasmuch as the general method of intro- 
ducing ring shift is to mix a sugar or its glycoside with methyl alcohol in the presence of 
hydrogen chloride. Under these conditions an equilibrium mixture of «- and §-forms of 
pyranoside and furanoside is produced. 

We have also prepared «-methylgalactopyranoside monoacetone and inspection of the 
atom-model suggests that in this substance the acetone grouping is at the cts-position 3 : 4. 
Oxidation with alkaline permanganate gave rise to the potassium salt of «-methylgalactur- 
onide monoacetone. Of considerable interest is the observation that, under the conditions 
we employed, 8-methylfructopyranoside loses its glycosidic residue during the condensation 
with acetone. Using 1% hydrogen chloride as catalyst, we isolated in good yield fructose 
8-diacetone, and employing copper sulphate as catalyst we were able to isolate fructose 
a-diacetone. A quantitative yield of the latter was also obtained by shaking ethyl fructo- 
furanoside during a period of six months with acetone containing anhydrous copper 
sulphate. 


EXPERIMENTAL. 


4:6-Dimethyl «a-Methylmannopyranoside 2: 3-Monoacetone.—a-Methylmannopyranoside 
2 : 3-monoacetone (8 g.), dissolved in methyl iodide containing a little acetone, was boiled with 
silver oxide in the usual way. The methylation was thrice repeated, the use of acetone in the 
later methylations being unnecessary. The product was extracted from the silver residues 
with ether and after removal of the solvent was purified by distillation. 4: 6-Dimethyl a- 
methylmannopyranoside 2 : 3-monoacetone (yield 8-2 g.) had b. p. 95°/0-01 mm. (bath temp.), 
ni® 1-4505, [o]?%3, + 51° in methyl alcohol (c, 1-0), + 40° in chloroform (c, 1-0). It was a colour- 
less mobile syrup readily soluble in all the usual organic solvents (Found: C, 54-95; H, 8-3; 
OMe, 34-6. C,,H,,0O, requires C, 54-95; H, 8-5; OMe, 35-5%). 

4: 6-Dimethyl a-Methylmannopyranoside.—The acetone group in the above compound was 
slowly removed at room temperature by N/50-hydrochloric acid (made up in 70% aqueous 
methyl alcohol). The reaction, which was followed polarimetrically, was complete in about 
72 hours ([«]?% + 87°, final constant value, concentration calc. for 4: 6-dimethyl «-methyl- 
mannoside). No hydrolysis of the glycosidic group took place under these conditions. For 
the preparation of the dimethyl methylmannoside it was advantageous to carry out the hydrolysis 
at 60°. The reaction was then complete in about 4 hours. The solution was neutralised with 
silver carbonate, filtered, and concentrated to a non-reducing syrup, which was distilled under 
diminished pressure, giving 4 : 6-dimethyl a-methylmannopyranoside as a colourless syrup, b. p. 
130°/0-01 mm. (bath temp.), j® 1-4660, [«]2% + 80-5° in water (c, 1-2); -+ 99° in methyl 
alcohol (c, 2-0). Yield, 85% of the theoretical (Found: C, 48-7; H, 8-4; OMe, 42-0. C,H,,0, 
requires C, 48-65; H, 8-2; OMe, 41-9%). 

4: 6-Dimethyl Mannose.—The above dimethyl a-methylmannoside was hydrolysed by 
boiling with 4% hydrochloric acid (6 hours), the strongly reducing product being isolated in the 
usual way and purified by solution in chloroform to eliminate inorganic impurities. 4: 6- 
Dimethyl mannose was a glass, soluble in water, alcohol, chloroform and acetone, almost insoluble 
in ether and light petroleum. [«]34. + 25° in water (c, 4-3) (Found: C, 45-95; H, 7-5; OMe, 
29-5. C,H,,O, requires C, 46-15; H, 7-7; OMe, 29-8%). 

4: 6-Dimethyl mannose reacted readily with aniline in boiling benzene, giving a syrupy 
anilide (isolated by the usual method), which was soluble in light petroleum and in benzene. 
The dimethyl mannose combined also with phenylhydrazine, giving an oil which was insoluble 
in water (probably the osazone). 

4 : 6-Dimethyl a-Mannopyranose 2 : 3-Monoacetone.—4 : 6-Dimethyl mannose (2 g.) in dry 
acetone (300 c.c.) was shaken for 6 days at room temperature in the presence of anhydrous 
copper sulphate (30 g.). After filtration the solution was concentrated to a syrup, which was 
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distilled, giving 4 : 6-dimethyl mannose 2 : 3-monoacetone (yield, 85% of the theoretical), b. p. 
128°/0-01 mm. (bath temp.). This crystallised on cooling and after recrystallisation from light 
petroleum (b. p. 40—60°) had m. p. 76—77°, [a]?#59 + 11° in dry methyl alcohol (c, 1-0); in 
water (c, 1-0), [«]}%»9 -- 0° (initial value); — 3° (30 mins.); — 5° (60 mins.); — 7° (2 hrs.); 
— 8° (3 hrs.); — 9° (4 hrs.); — 9-5° (6 hrs., final equilibrium value). This dimethyl mannose 
monoacetone was strongly reducing in character (Found: C, 53-0; H, 8-1; OMe, 26-1. C,,H,,.O, 
requires C, 53-2; H, 8-1; OMe, 25-0%). 

4 : 6-Dimethyl 8-Mannonolactone.—4 : 6-Dimethyl mannose (1-0 g.) was oxidised by bromine 
water in the usual way at 25°. The oxidation was complete in about 48 hours. The excess 
of bromine was removed by aeration, and the solution neutralised with silver carbonate. The 
silver bromide was filtered off, and the organic acid liberated from the silver salt by titration 
with hydrochloric acid. Concentration of the aqueous solution under diminished pressure 
left a viscid syrup, which was dissolved in chloroform. After filtration to remove inorganic 
impurities and evaporation of the chloroform, the viscid syrup obtained was lactonised by 
heating at 100°/0-01 mm. for 6 hours (Found: C, 46-0; H, 7-3; OMe, 30-4. C,H,,O, requires 
C, 46-6; H, 6-9; OMe, 30-1%). This syrupy lactone was contaminated by free acid which 
resisted lactonisation. The pure lactone was obtained in the following way. The above 
syrup (1 g.) was boiled for 6 hours with 2% methyl-alcoholic hydrogen chloride (100 c.c.). 
After neutralisation of the mineral acid (silver carbonate) the solution was evaporated to a 
syrup under diminished pressure. This syrup was mainly the methyl ester of 4: 6-dimethy]l- 
mannonic acid. When heated in a high vacuum at 165°, it was converted with loss of methyl 
alcohol into pure 4 : 6-dimethyl 8-mannonolactone, which distilled forward as a colourless liquid 
and crystallised slowly when kept. After recrystallisation from ether—absolute alcohol it had 
m. p. 55°, [«]}$s9 + 145° in alcohol (c, 1-0), + 165° in water (c, 1-0) (Found: C, 46-5; H, 7-0; 
OMe, 29-4%). 

In aqueous solution the rate of mutarotation was [a]?%%. + 165° (initial value; c, 1-1); 
+ 118° (24 hrs.); + 93° (48 hrs.); + 81° (72 hrs.); + 75° (96 hrs.); + 70° (150 hrs.). This 
is comparable with that of tetramethyl 3-mannonolactone. For the acid (calculated as lactone) 
[«]2%o + 20° (in water containing 1 mol. of sodium sulphate), rising during 150 hours to + 68°. 
In both cases the mutarotation was nearly complete in 100 hours. The proportions of lactone 
and acid at equilibrium were approximately 34% and 66% respectively. 

The crystalline lactone cannot be isolated by evaporation of an aqueous solution to dryness. 
It is necessary to convert the syrupy product so obtained into the ester, followed by distillation 
as described above. On treatment with methyl-alcoholic ammonia in the usual manner the 
crystalline lactone gave rise to the corresponding crystalline amide; m. p. 119° (after recrystallis- 
ation from ethyl alcohol-ether), [«]}%) — 3° in methyl alcohol (c, 0-9); + 15° in water (c, 1-0) 
(Found: C, 43-1; H, 7-8; N, 6-3; OMe, 27-6. C,H,,O,N requires C, 43-1; H, 7-6; N, 6-3; 
OMe, 27-8%). This amide (100 mg.) gave a very strong positive Weerman reaction, the yield 
of hydrazodicarbonamide being 60% of the theoretical and the reaction with the hypochlorite 
solution being complete in 15 minutes. With a-methoxy-amides, on the other hand, free hypo- 
chlorite remains even after several hours, and no hydrazodicarbonamide is obtained (compare 
Ault, Haworth, and Hirst, J., 1934, 1722). 

On treatment with phenylhydrazine at 100° the lactone gave almost quantitatively the 
phenylhydrazide of 4: 6-dimethylmannonic acid. This was recrystallised from alcohol-light 
petroleum; m. p. 151°, [a]}%%9 — 3-5° in alcohol (c, 0-9), [«]}% + 14° in water (c, 0-9) (Found: 
C, 53-6; H, 7-3; N, 8-7; OMe, 19-8. C,,H,,0,N, requires C, 53-5; H, 7-1; N, 8-9; OMe, 
19-7%). 

When shaken with acetone in the presence of anhydrous copper sulphate, the above lactone 
gave 4: 6-dimethyl 8-mannonolactone 2: 3-monoacetone, which crystallised after distillation, 
b. p. 130°/0-01 mm. (bath temperature), m. p. 112—113° (recrystallised from alcohol—ether) 
(Found: C, 53-7; H, 7-3; OMe, 26-2. C,,H,,0, requires C, 53-7; H, 73; OMe, 25-2%), 
[«]$%s0 ++ 128° in absolute alcohol (c, 0-9), [a]?5, + 121° in 50% aqueous methy] alcohol (initial 
value; c, 0-8). The rotation in this medium diminished slowly for 9 days until the value + 52° 
was attained. At this stage, evaporation of the solution under diminished pressure yielded 
the original dimethylmannonolactone monoacetone unchanged. After 9 days, however, the 
rotation began to increase and hydrolysis of the acetone residue took place. In absolute 
alcohol (dried by Lund and Bjerrum’s method, Ber., 1931, 64, 210) the rotation of the lactone 
remains constant, but in ethyl alcohol dried by barium oxide and in all samples of methyl 
alcohol we have examined, rapid mutarotation is observed. For instance, in one sample of 
dry methyl alcohol the initial value [«]}%j. + 125° decreased in 7 hours to the constant value 
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+ 66°. On evaporation of the solution at this stage the original lactone was recovered. In 
other specimens of methyl alcohol even more rapid mutarotation ([«]?%m>) -+- 125° —> + 67°) 
was observed, but in all cases the crystalline lactone was recovered unaltered on evaporation 
of the solvent. Further evidence that some impurity in the methyl alcohol was responsible 
for initiating the mutarotation was provided by the observation that in 50% aqueous methyl 
alcohol (the alcohol having been dried over barium oxide and distilled) mutarotation to + 75° 
took place in a few minutes and was followed by a slower change. 

Methylation of 4: 6-dimethyl $-mannonolactone by Purdie’s reagents gave 2:3: 4: 6- 
tetramethyl 8-mannonolactone accompanied by some methyl pentamethylmannonate. The 
mixture was a colourless mobile liquid, b. p. 120—125°/0-03 mm. (bath temp.), 1?” 
1-4492 (Found: OMe, 58-0. Calc. for CyH,,0,: OMe, 53-0. Calc. for C,,H,,O,: OMe, 
66-4%). The presence of 2:3: 4: 6-tetramethyl -mannonolactone was demonstrated by the 
formation of the corresponding phenylhydrazide of 2: 3:4: 6-tetramethylmannonic acid 
(yield, 50%), m. p. 186—187° alone or when mixed with an authentic specimen (Found: C, 
56-0; H, 7-4; N, 8:3; OMe, 35-9. Calc. for C,gH,,0,N,: C, 56-1; H, 7-6; N, 8-2; OMe, 
36-2%). 

a-Methylmannopyranoside 2: 3-4: 6-Diacetone.—(a) a-Methylmannopyranoside (10  g.) 
was shaken at room temperature with dry acetone (400 c.c.) for 10 days in the presence of 
anhydrous copper sulphate. The filtered solution was concentrated to a syrup under diminished 
pressure. Some unchanged «-methylmannoside was eliminated by dissolving the syrup in 
cold acetone. After removal of the solvent the product was distilled, giving (1) a-methyl- 
mannopyranoside 2 : 3-4 : 6-diacetone (1-6 g.), b. p. 125—130°/0-03 mm. (bath temp.), x3” 1-4605, 
and (2) «a-methylmannopyranoside 2 : 3-monoacetone (0-8 g.), b. p. 165—170°/0-03 mm. (bath 
temp.). The latter material crystallised completely on inoculation with crystalline «-methyl- 
mannoside monoacetone. Its properties have been described (loc. cit.). Increased yields of both 
the diacetone and the monoacetone derivative were obtained when the condensation was carried 
out at 50°. 

a-Methylmannopyranoside 2 : 3-4: 6-diacetone crystallised slowly in a desiccator. After 
recrystallisation from aqueous ethyl alcohol it had m. p. 76—77°, [«]#” + 3° in methyl alcohol 
(c, 2-4) (Found: C, 56-9; H, 8-2; OMe, 11-9. C,,;H,,0O, requires C, 56-9; H, 8-1; OMe, 
11-3%). When it (0-3 g.) was dissolved in methyl alcohol (12 c.c.), and N/25-hydrochloric 
acid (4 c.c.) added, the following rotational changes took place at 20° (/, 1 dm.): a>” + 0-06° 
(initial value); ++ 0-32° (5 hrs.); + 0-65° (26 hrs.); + 0-78° (47 hrs.); + 1-06° (119 hrs.) ; 
+ 1-20° (216 hrs.); -+ 1-25° (350 hrs.; constant value). The final reading corresponds to 
[a]?°" + 95° (calc. as a-methylmannoside). The solution was neutralised with silver carbonate 
and on concentration gave quantitatively «-methylmannoside (0-18 g.), m. p. 195° alone or 
when mixed with an authentic specimen. Control experiments showed that «-methylmanno- 
pyranoside was unaffected at 60° by N/100-hydrochloric acid in aqueous methyl] alcohol. 

(b) a-Methylmannopyranoside 2: 3-4: 6-diacetone was also prepared by the action of 
methyl alcohol-free dry acetone containing 1% by weight of hydrogen chloride. The procedure 
was the same as that already given for the preparation of «-methylmannopyranoside 2: 3- 
monoacetone. The crude syrupy product was extracted with boiling light petroleum, which 
dissolved the diacetone derivative and left behind the monoacetone derivative. The petroleum 
extract was concentrated and the syrup which remained was heated at 100°/0-01 mm. until 
auto-condensation products of acetone had been eliminated. The diacetone derivative of 
a-methylmannoside distilled at 135°/0-02 mm. as a colourless syrup, n}" 1-4609, [a]$” + 3° in 
methyl alcohol (c, 1-9), which crystallised when kept and was identical with the material 
described under (a) above; m. p. 76—77° (Found: C, 57-0; H, 8-2; OMe, 11-0; C,H,O, 41-0. 
Calc. for C,,;H,,0,: C, 56-9; H, 8-1; OMe, 11-3; C,H,O, 42-0%). Under these conditions 
no methylmannofuranoside diacetone is produced (see below; contrast Levene and Meyer, 
loc. cit.). 

(c) The diacetone derivative, m. p. 76—77°, was obtained quantitatively when «-methyl- 
mannopyranoside 2 : 3-monoacetone, m. p. 105°, was shaken with dry acetone and anhydrous 
copper sulphate for several days at room temperature. 

Action of Acetone containing Hydrogen Chloride on 8-Methylmannopyranoside.—B-Methyl- 
mannopyranoside (3 g., prepared from tetra-acetyl 8-methylmannopyranoside by Bott, Haworth, 
and Hirst’s method, J., 1930, 2656) was shaken at room temperature with acetone (600 c.c.) 
containing 1% of hydrogen chloride. At the end of 24 hours the acid was neutralised with 
silver carbonate, and the solution evaporated to dryness in the presence of barium carbonate. 
The product was dissolved in light petroleum (elimination of inorganic impurities) and, after 
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removal of the solvent, was distilled, giving mannose 2: 3-5: 6-diacetone (2 g.), b. p. 150— 
155° /0-03—0-04 mm. (bath temp.). This crystallised immediately and was recrystallised from 
acetone-light petroleum; m. p. 122—123°, alone or when mixed with an authentic specimen, 
[a]3789 + 1° in water (equilibrium value; c, 1-1), + 25° in acetone (c, 1-0). 

8-Methylmannopyranoside 2: 3-4: 6-Diacetone.—B-Methylmannopyranoside (6-5 g.) was 
shaken with acetone (650 c.c.) in the presence of anhydrous copper sulphate (50 g.). The 
condensation proceeded less rapidly than in the case of «-methylmannoside. After continuous 
shaking for 5 months the products were isolated in the manner described above. Two fractions 
were obtained on distillation : 

(a) 8-Methylmannopyranoside 2 : 3-4 : 6-diacetone (4-4 g.), b. p. 105°/0-03 mm. (bath temp. 
135°), ni 1-4688. This crystallised slowly in a desiccator and after 6 weeks had set to a solid, 
which was crystallised from aqueous ethyl alcohol (yield, 4-2 g.); m. p. 76—77°, [«]3%. — 124° 
in methyl alcohol (c, 1-0) (Found: C, 57-0; H, 8-2; OMe, 12-9. C,,H,.O, requires C, 56-9; 
H, 8-1; OMe, 11:3%). A mixture with «-methylmannopyranoside diacetone (m. p. 76—77°) 
melted at 65°. Although the syrupy distilled product crystallised slowly, it was not less pure 
than the above crystalline specimen (Found: C, 57-0; H, 7-9; OMe, 12-5%). 

8-Methylmannopyranoside diacetone (0-25 g.) was dissolved in methyl alcohol (16 c.c.), 
2 c.c. of N/10-hydrochloric acid added, and the volume made up to 20 c.c. with methyl alcohol. 
The following rotational changes were observed at 20° (/, 1 dm.) : «3%, — 1-57° (initial value) ; 
— 1-29° (5 hrs.); — 0-95° (22 hrs.); — 0-85° (46 hrs.); 0-79° (94 hrs.); — 0-76° (200 hrs. ; 
constant value). The end value corresponds to [«]#%. — 85°, calc. as B-methylmannoside. 
[For B-methylmannopyranoside in aqueous methy] alcohol (strength as above) the value [«]?%, 
— 84° was observed.] The hydrochloric acid was neutralised with silver carbonate and the 
solution, which was non-reducing, was evaporated to a syrup (yield, quantitative); this had 
[a]3350 — 84° in methyl alcohol (c, 1-7), — 67° in water (c, 1-7), and was B-methylmannopyranoside. 
Control experiments showed that 8-methylmannopyranoside was unaffected at 60° by N/100- 
hydrochloric acid in aqueous methyl alcohol. 

(b) The second fraction (1-4 g.), b. p. 145°/0-03 mm. (bath temp. 175°), was a hygroscopic 
viscid mass which consisted mainly of 8-methylmannopyranoside 2 : 3-monoacetone, soluble in 
water, alcohol, acetone, ethyl acetate, moderately soluble in ether, and insoluble in light 
petroleum. {[«]?%,, — 80° in methyl alcohol (c, 1-4), — 72° in water (c, 1-4) (Found: C, 51-9; 
H, 7-8; OMe, 13-4. C,,H,,0, requires C, 51-3; H, 7-7; OMe, 13-2%). The analytical figures 
indicate contamination with some of the corresponding diacetone compound. On treatment 
with N/100-hydrochloric acid in aqueous methyl] alcohol at 20° this material was transformed 
quantitatively into 8-methylmannopyranoside ([a]}%j. — 63° in water; c, 1-0). (See above: 
no hydrolysis of the methyl glycosidic group occurred and the product was non-reducing.) 

a-Methylmannofuranoside 2: 3-5 : 6-Diacetone.—a-Methylmannofuranoside (m. p. 120— 
121°; [a]?*° + 109° in water, c, 1-0; prepared by Haworth, Hirst, and Webb’s method, J., 
1930, 651) (2 g.) was shaken with dry acetone (50 c.c.) and anhydrous copper sulphate (5 g.) 
for 10 days at room temperature. The filtered solution was evaporated at 35° under diminished 
pressure to a syrup, which was distilled, giving a-methylmannofuranoside 2 : 3-5 : 6-diacetone 
(2-6 g.), b. p. 125°/0-04 mm. (bath temp.). The distillate crystallised completely when kept 
at 0° and was recrystallised from aqueous alcohol at — 10°, giving broad plates, m. p. 24°, [a]? 
-+- 68° in methyl alcohol (c, 2-8) (Found: C, 57-1; H, 8-1; OMe, 11-9. (C,,;H,,.O, requires 
C, 56-9; H, 8-1; OMe, 11-3%). 

When a-methylmannofuranoside 2 : 3-5 : 6-diacetone was dissolved in methyl] alcohol (3 vols.), 
and the solution made acid by addition of N/25-hydrochloric acid (1 vol.), the acetone residues 
were slowly removed (400 hours at room temperature) with quantitative formation of «-methyl- 
mannofuranoside. This was isolated in the way described above and had m. p. 119°, alone or 
when mixed with an authentic specimen. Throughout the hydrolysis the solution remained 
completely non-reducing and it was shown by control experiments that N/100-hydrochloric 
acid under the above conditions is without action upon a-methylmannofuranoside. At higher 
temperatures (50—60°) hydrolysis of the glycosidic group takes place with formation of 
mannose. 

a-Methylmannoside (40 g.) was shaken with acetone (1 1.), containing 5% of methyl alcohol 
and 1% of hydrogen chloride, for 4 days in the manner described above. A residue of un- 
changed a-methylmannoside remained (20 g.). The acetone solution, after neutralisation, 
was concentrated to a syrup, which was extracted exhaustively with hot light petroleum (b. p. 
40—60°). The residue (12-3 g.) crystallised and was shown to be a-methylmannopyranoside 
monoacetone, m. p. 105°. The light petroleum extracts, on concentration, gave a syrup 
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(7-1 g.), b. p. 115—120°/0-05—0-06 mm., 2!" 1-4560, [a]? + 23° in methyl alcohol (Found : 
C, 56-95; H, 7-9; ‘OMe, 10-9. Calc. for C,;H,,0,: C, 56-9; H, 8-1; OMe, 11-3%). The 
analytical figures indicate that the syrup is a methylmannoside diacetone and its chemical 
properties show it to be a mixture of «-methylmannopyranoside diacetone and a-methylmanno- 
furanoside diacetone. This can be seen from the following table, which gives the rotation 
results obtained (i) after hydrolysis with N/10-hydrochloric acid under the conditions specified 
by Levene and Meyer (loc. cit.), (ii) after hydrolysis with N/100-hydrochloric acid at 100° for 
90 minutes. 
(i). (ii). 


a-Methylmanno- 








a-Methylmanno- a-Methyl- 


pyranoside manno- pyranoside 
Syrup.  diacetone (cryst.). pyranoside. Syrup. diacetone (cryst.). 
A. B. C. D. E, 
Initial rotation ............ + 23° + 3° +79° + 23° + 3° 
Final rotation (calc. as 
methylmannoside) ... +42 +69 +68 +650 +77 


The reducing values of the solutions D and E after hydrolysis were determined by titration 
with Fehling’s solution. The value obtained for D indicated the presence initially of 38% of 
furanoside derivative, whereas the solution E (pyranoside) had a negligible reducing value. 

Purification of the syrup by Levene and Meyer’s procedure increased the percentage of 
furanoside derivative, this being shown by an enhanced rotation and an increased reducing 
value after hydrolysis with N/100-hydrochloric acid. 

a-Methylgalactopyranoside 3: 4-Monoacetone.—a-Methylgalactopyranoside is troublesome 
to prepare directly by heating galactose with methyl-alcoholic hydrogen chloride, owing to 
the difficulty of separating the a- and the 8-form of the glycoside. The separation may be 
effected conveniently by acetylating (either by pyridine and acetic anhydride at 0° or by boiling 
acetic anhydride in the presence of fused sodium acetate) the crude mixture of the two forms 
obtained by the action of methyl-alcoholic hydrogen chloride on galactose (this crude product 
contained about 70% of the «-isomeride). The solid acetylation product is mainly the «-form 
and gives pure tetra-acetyl a-methylgalactopyranoside, m. p. 88°, [a]i7s9 + 136° in chloroform 
(c, 1-1), on recrystallisation from aqueous alcohol. This substance yields on de-acetylation 
with methyl-alcoholic dimethylamine pure «-methylgalactoside, m. p. 110°, [«]i7s9 + 194° in 
water (c, 1-0), after recrystallisation from alcohol. This is the monohydrate, and gives the 
anhydrous form, m. p. 116°, [a]}?” + 195° in water (c, 1-0), when heated in a vacuum at 100°. 

a-Methylgalactopyranoside (anhydrous form; 4-3 g.) was shaken with acetone (600 c.c.), 
containing 1% of hydrogen chloride, for 24 hours at room temperature. The product, isolated 
by the method already described, was distilled under diminished pressure, giving «-methyl- 
galactopyranoside monoacetone (4 g.), b. p. 145—150°/0-02 mm. (bath temp.). This crystallised 
when kept and was recrystallised from alcohol—light petroleum, giving needles, m. p. 101— 
102°, [x]? + 162° in water (c, 0-5) (Found: C, 51-0; H, 7-5; OMe, 13-5. C,9H,,O, requires 
C, 51-3; H, 7-7; OMe, 13-2%). Almost identical analytical figures were obtained with the 
syrup before crystallisation took place. In solution this substance readily loses its acetone 
residue by hydrolysis and considerable care is necessary during recrystallisation. Dry solvents 
should be employed, and the period of heating reduced toa minimum. In N/100-hydrochloric 
acid at 20° the substance is quantitatively hydrolysed in less than 6 hours to a-methylgalacto- 
pyranoside, isolated as the monohydrate, m. p. 110° alone or when mixed with an authentic 
sample. No hydrolysis of the glycosidic group occurred under these conditions. 

a-Methylgalactoside 3: 4-monoacetone (1-10 g.) was oxidised in alkaline solution with 
potassium permanganate (1-5 g.) and potassium hydroxide (0-55 g.). The product, which was 
extracted as described in the preparation of }-mannonolactone, consisted largely of the potassium 
salt of a-methylgalacturonide 3 : 4-monoacetone, obtained as a viscid syrup. An extremely 
small amount of this compound gave a strong positive Tollens—Neuberg test for uronic acids. 
On removal of the acetone group by hydrolysis at 45° with N/50-hydrochloric acid a hard glass 
was obtained, which is being further investigated. 

Attempts to cause «-methylglucopyranoside to condense with acetone in the presence of 
hydrogen chloride at room temperature or of anhydrous copper sulphate (at 15° and at 50°) 
were fruitless. In every case «-methylglucoside was recovered unchanged (compare Levene 
and Meyer, J. Biol. Chem., 1928, 78, 357). 

Formation of a- and 8-Fructose Diacetone from B-Methylfructopyranoside.—(a) B-Methyl- 
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fructopyranoside, m. p. 121° (Hudson, J. Amer. Chem. Soc., 1916, 38, 1219) (4 g.), was shaken 
for 24 hours with acetone (300 c.c.) containing 1% of hydrogen chloride. The acid was neutralised 
with silver carbonate, and the solution evaporated under diminished pressure in the presence 
of barium carbonate. The syrup which remained was distilled, giving B-fructose diacetone, 
b. p. 140—145°/0-03 mm. (bath temp.), m. p. (after recrystallisation from alcohol-light 
petroleum) 96°, alone or when mixed with an authentic sample. Yield, 3 g.; [«]#° — 34° in 
water (c, 0-9) (Found: C, 55-1; H, 7-8; OMe, nil. Calc. for C,,H,.O,: C, 55-4; H, 7-8%). 

(b) 6-Methylfructopyranoside (3-5 g.) was shaken with acetone (500 c.c.) in the presence of 
anhydrous copper sulphate (15 g.) for one month at room temperature. The product was 
isolated in the usual way and distilled, giving «-fructose diacetone (1-5 g.), b. p. 140—145°/0-05 

m. (bath temp.), m. p. (after recrystallisation from acetone-light petroleum) 120° (alone or 

in admixture with an authentic sample of similar m. p.), [«]#%3. — 168° in water (c, 1-1) (Found: 
C, 55-4; H, 7-°8%; OMe, nil). 

Ethyl fructofuranoside (prepared by the method of Allpress, Haworth, and Inkster, J., 
1927, 1233), when shaken for 6 months with acetone in the presence of anhydrous copper 
sulphate, gave quantitatively «-fructose diacetone, m. p. 120°. 
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235. Formation of the Indene Nucleus. Phenylbenzylindenes. 
By (Mrs.) O. BLUM-BERGMANN. 


SINCE the indene synthesis starting with aromatic olefins or similar substances was used 
for the preparation of compounds of the sterol and sexual hormone group (Cook and 
Hewett, Chem. and Ind., 1933, 52, 451; J., 1933, 1098; 1934, 365, 653; Kon and co- 
workers, J., 1933, 1081; 1934, 124; Bogert, Science, 1933, 77, 289; Bogert and Davidson, 
J. Amer. Chem. Soc., 1934, 56, 185) the mechanism of the reaction has aroused general 
interest. The author has published observations on the conversion of aromatic pinacols 
into indene hydrocarbons (Ber., 1932, 65, 109); ¢.g., in the case of methylhydrobenzoin 
the reaction is as follows : 


CH ‘OH _. Cx ~ tt -—CH OH _. Cu: 
/CPhOH Ah Ov sin 
CH; H, Hy, 


Continuation of the experiments has shown the reaction to be fairly general; one case 
about which divergent statements are given in the literature is now discussed. 

(1) By the action of hot dilute sulphuric acid on ]-phenyl-2 : 2-dibenzylethanediol, 
CHPh(OH)-C(OH)(CH,Ph),, Roger and McKenzie (Ber., 1929, 62, 272, 281) obtained a phenyl- 
benzylindene, in which the position of the double bond was not proved. According to the 
scheme given above, it must be 1-phenyl-2-benzylindene (I). Support for this structure is 
the fact that the hydrocarbon is isomerised by alcoholic potash, since it is well known that 
by such treatment indene compounds with a free methylene group are always formed 
from their allylic isomerides (Courtot, Compt. rend., 1915, 160, 523; Ann. Chim., 1916, 4, 58, 
157; 5, 52; ae Zentr., 1923, 1, 1619; Ruggli, Annalen, 1917, 414, 125). The isomeris- 


CH, <— CH, <- CH, 
VEC CH,Ph — CH-CH,Ph H-CH,Ph 
HPh Ph Ph-OH O 
(I.) (II.) 


ation product, therefore, should be 3-phenyl-2-benzylindene (II), and this was proved by 
its synthesis from 2-benzylhydrindone and phenylmagnesium bromide; the intermediate 
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carbinol underwent spontaneous dehydration, the direction of which is unambiguous 
(isomerisation by displacement of the double bond does not occur in an acid medium). 

(2) 1 : 2-Dibromo-1-phenyl-2 : 2-dibenzylethane, CHPhBr-CBr(CH,Ph),, was converted 
by Orechov (Zentr., 1923, I, 1620), by heating, into a phenylbenzylindene, to which he 
assigned the structure (II). Although his product melted at 92—94° (I melts at 97—99° 
and IT at 96—97-5°), his conclusion is incorrect. The substance is identical with McKenzie’s 
hydrocarbon (I), for we have raised its m. p. to 97—99° and moreover have proved its 
isomerisability. It would be strange if two substances so similar as the starting materials of 
McKenzie and Orechov did not behave in the same manner. [The results of work described 
by Bergmann and Weiss (Ammnalen, 1930, 480, 64) in which Orechov’s hydrocarbon was 
used as the starting material are not affected by the incorrect formulation of the 
hydrocarbon. ]} 

(3) A third reaction leading to a phenylbenzylindene, discovered by Bettzieche (Z. 
physiol. Chem., 1926, 160, 17), consists in heating 1-amino-l-pheny]l-2 : 2-dibenzylethan- 
2-0l, CHPh(NH,)*C(OH)(CH,Ph),, with hydrochloric acid in a sealed tube. Bettzieche’s 
assumption of structure (II) for the hydrocarbon is correct. The amino-alcohol reacts 
in a different direction from the corresponding diol and dibromide, but it may be pointed 
out that pinacolinic deamination, too, often differs from the normal pinacolinic rearrange- 
ment (McKenzie, Chem. and Ind., 1931, 50, 926). Under the above conditions, since the 
amino-alcohol cannot undergo deamination involving a 8-hydrogen atom, the elimination 
of ammonia occurs with a hydrogen atom of the benzene nucleus; water subsequently 
splits off in the direction theoretically expected : 


CH, OH CH, OH 


“cH,Ph =NBy (NZ \c“cH,Ph 
//CHPh HPh 


NH, 


McKenzie commented on the m. p. and crystalline form of his hydrocarbon. We 
have found that 1-phenyl-2-benzylindene (I) is polymorphic. It separates from light 
petroleum in stout crystals, m. p. 97—99°, and from alcohol in transparent prisms, m. p. 
93—94-5°. The substance recrystallised once from alcohol, on further recrystallisation 
from light petroleum, separates in prisms. The two forms do not depress each other’s 
m. p., whereas the two isomerides (I) and (II) give a markedly depressed mixed melting 
point. 

EXPERIMENTAL, 

The three preparations of phenylbenzylindene were made by the methods described in the 
literature. Recrystallised from light petroleum, 1-phenyl-2-benzylindene melted at 97—99°, 
and 3-phenyl-2-benzylindene at 96—97-5°. The latter was always slightly yellow and gave 
with concentrated sulphuric acid an orange-red colour reaction, whereas the isomeride (I) 
dissolved without colour. 

Conversion of (I) into (II).—1-Phenyl-2-benzylindene (4 g.) was dissolved in hot alcohol 
(15 c.c.), and 10% potash solution (3 c.c.) added. Alcohol was added until the turbidity dis- 
appeared, and the whole was boiled for 15 minutes. On standing, 3-phenyl-2-benzylindene 
(2:9 g.) separated; it was recrystallised from light petroleum. The alcoholic mother-liquor 
had an intense orange-red colour, due to an oxidation product of the hydrocarbon (Sieglitz, 
Ber., 1920, 53, 2249; Blum-Bergmann, Annalen, 1930, 481, 41). 

Alkaline condensation of both phenylbenzylindenes with benzaldehyde gave the same 
1-benzylidene-3-phenyl-2-benzylindene owing to the isomerisability of (I). The benzylidene 
compound, recrystallised from glacial acetic acid, had a markedly higher m. p. (177-5—179°) 
than that recorded by Orechov. 

Synthesis of 3-Phenyl-2-benzylindene.—To the Grignard solution prepared from magnesium 
(3-1 g.) and bromobenzene (13-2 c.c.), 2-benzylhydrindone (Leuchs, Wutke, and Gieseler, Ber., 
1913, 46, 2200) (14 g.), diluted with ether, was added; the reaction was not exceedingly violent. 
The mass was boiled for 5 hours and decomposed with ice and ammonium chloride, the ethereal 
solution evaporated, and the residue treated with steam and then heated in a vacuum. The 
heating caused dehydration, and on treatment with ether almost the whole of the product 
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crystallised. Yield, 10-9 g., m. p. 96—98° after recrystallisation from light petroleum. The 
ethereal mother-liquor was evaporated, and the residue heated for several hours with acetyl 
chloride (10 c.c.) and triturated with light petroleum; a further 2-9 g. of 3-phenyl-2-benzylindene 
were thus isolated. 


THE DaANrtTeEL SrerF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Received, April 1st, 1935.] 





236. Acetylated Sugars with a Free a-Position, and Synthetic Experi- 
ments with 2: 3:4: 6-T'etra-acetyl Glucose and Similar Compounds, 


By M. WEIZMANN and L. HASKELBERG. 


THE conversion of acetohalogenoses into acetylated sugars with a free «-position by inter- 
action with moist silver carbonate is not very convenient and the yields are not always 
satisfactory. 

The following rather unexpected reaction has been observed. If an acetone solution 
of tetra-acetylglucosidyl bromide is shaken with an aqueous solution of sodium nitrite 
(2 mols.) for several days at the ordinary temperature, and the acetone layer is removed 
and evaporated, a 70% yield of pure 2 : 3: 4: 6-tetra-acetyl glucose is obtained : 


C,,H,,0,Br + NaNO, + H,O = NaBr + HNO, + C,,H,,0,°0H 


The nitrous acid decomposes and nitric oxide is evolved. 

Pure crystalline hepta-acetyl lactose was obtained in the same way in equally satis- 
factory yield, but tetra-acetyl galactose has been isolated only as a syrupy mass and 
characterised by its optical rotation. 

The sodium nitrite seems to act as a mild alkali and catalyse the hydrolysis of the 
glucosidyl bromide. If the reaction is stopped after 24 hours, a new crystalline substance, 
C,,4H,,0,,N, can be isolated from the acetone solution. Since the new substance is 
hydrolysed by water to tetra-acetyl glucose and nitrous acid, it is a ¢etra-acetyl glucosidyl 
nitrite. The above reaction, therefore, apparently proceeds in two stages : 

C,,H,,0,Br + NaNO, —> C,,H,,0,°O-NO + NaBr; 
C,4H,0,°0°NO + H,O —> C,,H,,0,-OH + HNO, 

In view of these facts, the classical reaction between silver carbonate and acetylated 
glucosidyl bromides probably leads to a carbonic acid derivative of the sugar, which is 
subsequently hydrolysed. 

The velocity of hydrolysis of the glucosidy] nitrite is interesting from a theoretical stand- 
point. Esters of inorganic acids are easily hydrolysed, but doubtless the presence of many 
acetoxy-groups in the close neighbourhood of the ester linkage accelerates the rate of 
hydrolysis (compare Ingold, Jackson, and Kelly, J., 1931, 2035). 

The tetra-acetyl glucose was required for experiments in connexion with earlier in- 
vestigations (Compt. rend., 1929, 189, 104; 1930, 190, 268; Z. physiol. Chem., 1929, 184, 
241; Bull. Soc. chim., 1932, 51, 212) on the synthesis of «-aminoacyl 2: 3: 4: 6-tetra- 
acetyl glucose. Although we have not yet achieved our purpose, we report the experiments 
so far carried out in order to secure the possibility of continuing them, since such substances 
have recently been prepared by Bergmann, Zervas, and Overhoff (Z. physiol. Chem., 1934, 
224, 52). Our suggested method is the condensation of 2:3: 4: 6-tetra-acetyl glucose 
with a-halogenated acyl chlorides and subsequent displacement of the «-halogen atom 
by means of ammonia or an amine. 

Through the interaction of bromoacetyl bromide and tetra-acetyl glucose a well- 
crystallised bromoacetyl derivative was obtained, apparently different from that of Brauns 
(J. Amer. Chem. Soc., 1925, 47, 1297); it could be converted into the corresponding iodo- 
compound by means of sodium iodide in acetone. 

In the same way diacetone-glucose can be converted into a bromoacetyl diacetone- 
glucose, and the latter into an iodo-compound (during the latter conversion one acetone 
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group is split off). Monoacetone-glucose (Freudenberg and co-workers, Ber., 1926, 59, 
100, 107; 1928, 61, 1735) gives in the same way a ¢risbromoacetyl and a tristodoacetyl 
monoacetone-glucose. 

Other «-halogenated acyl chlorides can be used instead of bromoacetyl bromide ; 
e.g., the condensation product of 2:3:4:6-tetra-acetyl glucose and «-bromoisohexoyl 
bromide was easily prepared. 

The interaction between l-iodoacetyl 2:3: 4: 6-tetra-acetyl glucose and ammonia 
took an unexpected course. The product, which was also obtained by using hydrazine 
hydrate instead of ammonia, still contained iodine, and analysis showed it to be isomeric 
with the initial iodo-compound. The nature of the isomerisation is not yet clear. 


EXPERIMENTAL. 


2: 3:4: 6-Tetra-acetyl Glucose.—Tetra-acetylglucosidyl bromide (175 g.) in acetone (250 
c.c.) and sodium nitrite (80 g.) in water (100 c.c.) were shaken for 5 days, the gas produced 
being allowed to escape. The acetone layer was separated and evaporated. After remaining 
for 1 day in a desiccator, the syrupy residue crystallised almost completely; it was then washed 
on a Buchner funnel with a few c.c. of ice-cold ether. Yield, 70%; m. p. 118°. The tetra- 
acetyl glucose was identified by acetylation and benzoylation in presence of pyridine, which 
gave penta-acetyl glucose, m. p. 131-5°, and tetra-acetyl benzoyl glucose, m. p. 146-5°, re- 
spectively (Zemplén, Ber., 1915, 48, 915; 1918, 51, 1803). 

For the above preparation it is not necessary to use pure tetra-acetylglucosidyl bromide ; 
the crude product usually obtained suffices. 

Hepta-acetyl Lactose.—Hepta-acetyl-lactosidyl bromide (44 g.) (E. and H. Fischer, Ber., 
1910, 43, 2521) in acetone (150 c.c.) and sodium nitrite (30 g.) in water (100 c.c.) were treated 
in the described manner. The product was an oil which crystallised in a desiccator after some 
days; m. p. 83° (Hudson and Sayre, J. Amer. Chem. Soc., 1916, 38, 1867). Yield, 32 g. 

Tetra-acetyl Galactose.—From tetra-acetylgalactosidyl bromide (30 g.) (Fischer and 
Armstrong, Ber., 1902, 35, 838; Ohle, Marecek, and Bourjan, Ber., 1929, 62, 833) in acetone 
(100 c.c.), tetra-acetyl galactose (22 g.) was obtained as a syrupy mass, [a]p + 71-54° in 
chloroform (Unna, Thesis, Berlin, 1911). 

2:3:4: 6-Tetra-acetylglucosidyl Nitrite——The experiment described above was repeated, 
but stopped after 24 hours’ shaking. The oily residue obtained from the acetone layer began 
to crystallise rapidly on trituration with ether. The crystals were separated from the remaining 
oil, the latter consisting of 2: 3: 4: 6-tetra-acetylglucose. The first five crops, recrystallised 
from benzene-ligroin and then from propyl alcohol, gave rhombic needles, m. p. 108° (Found : 
C, 44-9; H, 4:9; N, 3-9, 3-9. C,,H,,0,,N requires C, 44-6; H, 5-0; N, 3-7%). The nitrite 
is soluble in chloroform, acetone, and benzene, sparingly soluble in water and ether, and practic- 
ally insoluble in light petroleum; [«]?” = — 4-2° (i = 10 cm.; c = 5-90% in chloroform). 

1-Bromoacetyl 2:3: 4: 6-Tetra-acetyl Glucose.—Bromoacetyl bromide (4-3 g.) in chloroform 
(20 c.c.) was added at 0° to tetra-acetyl glucose (6-6 g.) in chloroform (30 c.c.) and pyridine 
(1-6 c.c.). The mixture was left for 2 days at the ordinary temperature, then washed with 
dilute hydrochloric acid, bicarbonate solution, and water, dried, and evaporated; the residue, 
recrystallised from alcohol, formed needles, m. p. 127°; yield, 92% (Found: Br, 17-0. 
C,¢H,,0,,Br requires Br, 17-1%). [«]}?” = — 1-17° in chloroform (¢ = 2-4%). 

1-lodoacetyl 2: 3: 4: 6-Tetva-acetyl Glucose.—Sodium bromide was precipitated immediately 
when acetone solutions of the foregoing compound and of sodium iodide in equivalent amounts 
were mixed. The filtered solution was evaporated, and the residue twice crystallised from 
ether; m. p. 125—126° (Found: C, 37-9; H, 4:3; I, 24:9. C,,H,,0,,I requires C, 37-2; 
H, 4-1; I, 246%). [a]}?° = — 16-3° in chloroform (c = 1-8%). 

Isomerisation.—A mixture of l-iodoacetyl 2:3: 4: 6-tetra-acetyl glucose (5 g.), benzene 
(15 c.c.), and hydrazine hydrate (1-5 g.) was kept at the ordinary temperature for 24 hours, 
then heated for 6 hours at 80°. The benzene solution was separated from the oily residue 
and evaporated in a vacuum, leaving a residue which crystallised from methyl] alcohol in needles, 
m. p. 146° (Found : C, 37-3; H, 3-8. C,gH,,0,,I requires C, 37-2; H,4:1%). [«]}®” = — 10-14° 
in chloroform (c = 2-8%). 

1-Bromoacetyl Diacetone-glucose.—Diacetone-glucose (1/100 mol.) and pyridine (1/100 
mol.) were mixed in chloroform, and bromoacetyl bromide (1/100 mol.) added. The procedure 
described above gave a crystalline substance, which was recrystallised from chloroform; m. p. 
136°. 
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1-Iodoacetyl Monoacetone-glucose.—The iodo-compound prepared from the preceding com- 
pound in the manner already described lost one acetone group during the process. It crystallised 
from alcohol—water (1: 1) in needles, m. p. 74° (Found: I, 32-0. C,,H,,0,I requires I, 32-7%. 
C,,H,,0,I requires I, 30-0%). 

Trisbromoacetyl Monoacetone-glucose.—Bromoacetyl bromide (25 g.) in chloroform (25 c.c.) 
was added to monoacetone-glucose (9 g.) and pyridine (10 g.) in chloroform (25 c.c.). The 
usual procedure gave tetragonal crystals, m. p. 115° (Found: Br, 41-1. C,;H,,O,Br, requires 
Br, 41-1%). [a]? = — 0-4° in chloroform (c = 2-2%). 

Trisiodoacetyl Monoacetone-glucose.—Interaction between the foregoing compound and the 
required amount of sodium iodide in acetone solution gave a product, which separated from 
alcohol in crystals, m. p. 116° (Found : I, 52-6. . C,;H,,O,I, requires I, 52-6%). [a]p” = — 1-44° 
in chloroform (c = 4-8%). 

1-(a-Iodoisohexoyl) 2: 3:4: 6-Tetra-acetyl Glucose.—The condensation product of «-bromo- 
isohexoyl bromide and tetra-acetyl glucose, obtained in the usual way, was not isolated, but 
was converted into the iodo-derivative, which was crystallised from alcohol; m. p. 112—113° 
(Found : I, 22-7. C,gH,,O,,1 requires I, 22-2%). [a]}?° = — 2-2° in chloroform (c = 1-6%). 


THE HEBREW UNIVERSITY, JERUSALEM. 
THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Received, April 1st, 1935.] 





237. The Organic Compounds of Gold. Part V. Cyano-compounds. 
Preliminary Experiments on the Production of Alkyl Radicals. 


By ABRAHAM BuRAWOY, CHARLES S. GIBSON, and (in part) SIDNEY HOLT. 


It has been shown (J., 1930, 2531; 1931, 2407; 1934, 860; this vol., pp. 217, 219) that the 
tervalent gold atom is always 4-covalent and has an effective atomic number of 84. The 
unique feature of the chemistry of gold is that in its compounds the valencies of the 
tervalent metal are always covalencies and gold is not a typical tervalent metal.* Mono- 
ethylenediaminodi-n-propyldibromodigold (II), produced by the elimination of two 
n-propyl groups from monoethylenediaminotetra-n-propyldibromodigold (I), contains a 
tervalent gold atom conforming to the above rules and a univalent gold atom which is 
2-covalent and has an effective atomic number of 82 (this vol., p. 219). This is the first 
example of this type of complex compound to be described. 


Br Br 
(.) Pr*—Au<NH,°C,H,H,N->Au—Pr*. 


Pr* Pr* 
Br 


| ® 
(I) Prt—Au<NH,-C,H,:H,N->Au—Br an aK (III) 
- 


In view of the impossibility of existence of compounds having the empirical formula 
AuR, (R = alkyl) (J., 1931, 2409), it was decided to study cyano-compounds, obtained 
from substances (III; R= Et and Prs), in which the tervalent gold atoms might be 
attached to three carbon atoms.t If they are so attached, the cyano-compounds cannot 


* In the compounds (AICI;), and (FeCl,),, the metals are also 4-covalent similar to gold in its tri- 
halide and other derivatives; but iron and aluminium, unlike gold, yield tervalent kations. 

t These compounds have been investigated by Kharasch and Isbell (J. Amer. Chem. Soc., 1931, 58, 
2701), whose work on the dialkyImonobromo- and monoalkyldibromo-gold compounds, described by 
them as “ auric bromides’’ and “ auric dibromides’’ respectively, has been previously referred to 
(J., 1931, 2407; 1934, 860). In the case of the cyano-compounds, described by the above authors as 
‘‘ auric cyanides,’’ no analytical figures are given for the diethyl compound and only the gold content is 
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be of type (III), since on stereochemical grounds the gold atom and the cyano-group 
must be linear. The investigation of these cyano-compounds, therefore, should furnish 
additional evidence of the correctness or otherwise of the general conclusions concerning 
the constitution of tervalent gold compounds and complex tervalent and univalent gold 
compounds. Preliminary experiments indicated an additional importance of the in- 
vestigation, since the parent substances and their ethylenediamino-derivatives appeared 
to decompose similarly to (I). 

Diethylmonocyanogold and di-n-propylmonocyanogold are easily prepared from the 
analogous monobromo-compounds. They are colourless, highly crystalline non-electro- 
lytes and their molecular weights in freezing bromoform are four times those required by 
the empirical formule. The compounds are therefore of a type not previously described, 
no compound containing more than two gold atoms in the molecule having so far been in- 
vestigated. In such a compound the gold atoms must be attached to the carbon atoms of 
the cyano-groups and the nitrogen atoms must be co-ordinated to neighbouring gold atoms. 
Constitution (IV) (R = Et and Pr), indicating a symmetrical twelve-atom planar ring 
structure, is the only one possible for such compounds; it affords additional support for 
the existence of co-ordinate linkages in complex molecules and is in keeping with the 
stereochemical configuration of the -C=N group. 


R R ' CN 
ae: Saeeey RAL NH GSH NS AOR (V.) 


R 
av) |] 


| Y R, yN H, 
R—Au<N=C—Au—R JAY (ais CN (VL) 
R 
i NH, 


These compounds yield with ethylenediamine colourless crystalline derivatives, which 
also are non-electrolytes, described as monoethylenediaminotetraethyldicyanodigold and 
monoethylenediaminotetra-n-propyldicyanodigold respectively. The constitution of these 
compounds follows from analytical and molecular-weight determinations and is represented 
by (V; R= Et or Prs), corresponding to (I). Although (IV) and (V) are soluble in 
aqueous solutions of ethylenediamine, it has not been possible to isolate salts of type (VI) 
analogous to the monoethylenediaminodialkylgold bromides. Similarly, they are soluble 
in alcohol—pyridine, but attempts to isolate pyridine derivatives analogous to (V) and (VI) 
were also unsuccessful. 





given for the di-n-propyl compound: the constitutions assigned to the compounds cannot be correct. 
The melting points of both compounds as given are incorrect, and the phenomena accompanying the change 
from the solid to the liquid state are described as a slight decomposition in the one case and are not 
mentioned in the other. What is more remarkable is the statement (p. 2705), ‘‘ The compounds 
R,Au(CN) when freshly prepared are soluble in benzene. Many of these compounds, particularly the 
compounds from the benzyl radical, upon standing for a period of time become insoluble in benzene, 
although the empirical formula of the compound remains the same.’’ The diethyl compound is speci- 
fically described also as being soluble in benzene when new and insoluble on standing (p. 2709). It is 
shown in the present communication that the cyano-compounds undergo a definite chemical change on 
standing which is the same as, but takes place more slowly than, that which they undergo on melting. 
This change results, of course, in the production of chemical compounds having empirical formule and 
chemical properties different from those of the parent substances. 

Kharasch and Beck (J. Amer. Chem. Soc., 1934, 58, 2057) still use the general formula RAuCl, for 
the dichloro-compounds. In the light of the investigations carried out in these laboratories, it is difficult 
to understand how it is possible for a compound “‘ cyanophenyl auric dichloride,’’ having the assumed 
constitution (3)CN-*C,H,*AuCl,(1), to react with aqueous acids and bases to yield benzonitrile and inorganic 
auric compounds, and with pyridine to give benzonitrile and ‘‘ a varying mixture of pyridine-auric- 
chloride compounds ”’ (p. 2060). 

Cc. S. G. 


3x 
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When the cyano-compounds (IV) are heated, they lose half their alkyl groups on melting, 
a definite compound (VII) being produced; this is converted at a higher temperature 
into aurous cyanide by loss of the remaining alkyl groups. 

The diethyl compound (IV) when freshly prepared is readily soluble in such solvents as 
ether, chloroform and benzene. At the ordinary temperature it gradually loses weight, 
the gold content increasing and the compound becoming insoluble in the above solvents. 
This corresponds to the first of the above changes. A solution of the diethyl compound 
(IV) in ether may be boiled for a short time without obvious change; but when a clear 
solution in chloroform or benzene is heated for a short time on the water-bath an almost 
colourless substance is precipitated. This is diethyldicyanodigold, mixed with a small 
quantity of aurous cyanide due to the decomposition having partly proceeded too far. 
Diethyldicyanodigold, obtained pure from its ethylenediamine derivative (see below), 
is identical with the product formed when the parent substance melts with evolution of 
gas. When heated slowly to 100—120°, it loses its ethyl groups slowly and quantitatively 
and without explosion, leaving a residue of aurous cyanide. If it is heated quickly to a 
higher temperature, it decomposes explosively and this may happen in a melting-point 
tube after the first decomposition of the parent substance. Owing to the very low solu- 
bility of the compound, its molecular weight cannot be determined and therefore its 
constitution cannot be stated with certainty. Since it is formed by elimination of half 
the ethyl groups from compound (IV; R = Et), and the gold atoms and -C=N groups 
must be linear, constitution (VII; R = Et) may reasonably be suggested for it. This 
constitution indicates the presence of two tervalent gold atoms conforming to the general 
rules and two univalent gold atoms each being 2-covalent and having an effective atomic 
number of 82. Compound (II) also is such a complex tervalent and univalent gold com- 
pound and, actually, constitution (VII) is the simplest which is in accordance with the 
general rules concerning tervalent and univalent gold compounds. Compound (VII; 


y 
R—Au—C=N><Au 


t ( 
(VII.) lI || 
| 


R.__NH, - 
Nau*¢ 
p/w fate 4 Au(CN), (VIII, R = Et or Pra) 
NH, 


Y 
Au<N=C—Au—R 


R = Et) is a chemical individual and not an equimolecular mixture of diethylmono- 
cyanogold and aurous cyanide, since it is colourless and practically insoluble in most 
solvents, including water, whereas aurous cyanide is yellow and diethylmonocyanogold 
is readily soluble in many organic solvents; it also forms an ethylenediamine derivative, 
which is described below. 

Di-n-propylmonocyanogold (IV ; R = Pr) is more stable than its ethyl analogue ; unlike 
this, it does not undergo explosive decomposition on mere rubbing. Di-n-propyldicyanodi- 
gold (VII; R = Pr) has been obtained from it under conditions similar to those employed 
for the preparation of its ethyl analogue. 

The following decompositions of compounds (IV) and (VII) (R = Et and Pr) have been 
observed quantitatively : 


(a) (RzAuCN), = 4AuCN + 8R’ (b) (R,AuCN-AuCN), = 4AuCN + 4R’ 


The volatile products have not yet been identified as free radicals, but they have been 
collected as butane (from the ethyl compounds) and hexane (from the m-propyl compounds) 
(see below). 

The compounds (V; R= Et and Pr) are more stable than the parent substances 
(IV). They undergo similar changes to the latter on being heated, but without explosion. 
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At their melting points (both below 100°) gas is evolved and a non-volatile substance is 
produced having the empirical formula R,Au,(CN),en (R = Et or Pr+, en = ethylene- 
diamine) : 


(c) R,Au(CN) . en. (CN)AuR, = R,Au,(CN),en + 2 R’ 
Here, again, the volatile products have only been collected as butane and hexane from the 
ethyl and the u-propyl compound respectively. 

The non-volatile product R,Au,(CN),en may be prepared by boiling benzene solutions 
of compounds (V) [unchanged compound (V) may crystallise from the mother-liquor] 
and recrystallising the insoluble product from boiling water, or even more conveniently 
by suspending the compound (V) in water and boiling the mixture. The compound is 
insoluble in organic solvents. It is extremely stable and its aqueous solution may be 
boiled for some time before decomposition is noticeable. In aqueous solution it yields 
a colourless precipitate with silver nitrate, and the apparent molecular weight in boiling 
water indicates that it is an electrolyte; its properties are in keeping with constitution 
(VIII). 

The two compounds investigated are described as monoethylenediaminodiethylgold 
aurocyanide and monoethylenediaminodi-n-propylgold aurocyanide. On addition of the 
proper amount of hydrochloric acid to aqueous solutions of these compounds diethyl- 
dicyanodigold and di-n-propyldicyanodigold [compounds of type (VII)] respectively are 
obtained in a state of purity (see above). 

The relationships between the various types of the cyano-compounds now described 
are illustrated diagrammatically : 


(IV.) (R,AuCN), —> R,Au(CN).en.(CN)AuR, (V.) 


ae on 
(VII.) [R,Au,(CN).]o <— [R,Au.en]Au(CN), (VIII) 
— 4R’ 


AuCN 


and in all the new compounds, the gold atoms, whether tervalent or univalent, conform to 
the general rules enunciated. 

There is reason to believe that the immediate volatile products from the decomposition 
of compounds of types (IV), (V) and (VII) are free radicals, although they have not yet 
been recognised as such by the classical methods. In the present investigation, the hydro- 
carbon formed by the combination of two identical radicals produced in the decomposition 
has been quantitatively identified. Indirectly, this is a means of identifying the particular 
radical, especially when, as in the present work, no other product but the saturated hydro- 
carbon appears to be formed. Two types of apparatus were used, (i) and (ii). 

(i) A Victor Meyer’s apparatus for vapour-density determinations, supplied with an 
automatic release for introducing the weighed amount of compound. This was used chiefly 
in those cases where the decomposition did not proceed explosively and the ultimate 
volatile product was evolved regularly and in reasonable time. It was used even when the 
decomposition was slow and when the ultimate volatile product was gaseous under 
atmospheric conditions. Although it was the most suitable for investigating the decom- 
position of the n-propyl compounds, it could not be used with di-n-propylmonocyanogold 
(IV, R = Pr), since, when it began, the decomposition proceeded too violently. This 
method is subject to errors inherent in Victor Meyer’s method for determining vapour 
densities. 

(ii) An apparatus for measuring accurately over mercury the volume of a gas evolved 
during the reaction, the vessel being sealed to the rest of the apparatus and of such a type 
that, unless the reaction proceeded explosively, the change in weight of the gold compound 
could be determined. This apparatus was used for investigating the decomposition of 
the ethyl compounds, from which the ultimate volatile product (butane) is a gas under 
ordinary atmospheric conditions. 
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The following are typical experiments. Apparatus it: (a) Diethylmonocyanogold 
(IV, R= Et), heated at 80° (hot water), suffered explosive decomposition indicating 
reaction (a) above. Mol. wt. of gaseous product (based on calc. loss in wt.), 58-6; mol. wt. 
of butane = 58-1. (b) Monoethylenediaminotetraethyldicyanodigold (V, R= Et) was 
heated in boiling water. The gaseous product was evolved rapidly and the non-volatile 
product solidified after previous melting; loss, 9-0% [calc. for reaction (c) above, loss, 
9-3%]. Mol. wt. of gaseous product (based on actual loss in wt.) 59-7 and (in another 
experiment) 59-0. 

Apparatus i: (a) Diethyldicyanodigold (VII, R = Et) was heated at 120° for 1 hour. 
The decomposition was slow and incomplete; loss, 8-6% [calc. for reaction (b) above, 
loss, 115%]. Mol. wt. of volatile product (calc. from actual loss in wt.) 57-4. (b) Mono- 
ethylenediaminotetra-n-propyldicyanodigold (V, R = Pr) lost 12-6, 12-0% [calc. for 
reaction (c) above, loss, 12-7%]. Mol. wt. of volatile product (calc. from loss in wt.) 
83-4, 87-3; mol. wt. of hexane = 86-1. (c) Di-n-propyldicyanodigold (VII, R = Prs) 
lost 6-2%, the decomposition being incomplete [calc. for reaction (b) above, loss, 16-2%]. 
Mol. wt. of volatile product (calc. on actual loss in wt.) 86-6. 

These preliminary investigations on the production of free radicals by decomposition 
of suitable organo-gold compounds and on their products of interaction have two points 
of interest. (i) In reactions in which the ethyl radical may be expected to be evolved, 
for the first time, substantially pure butane has been isolated. Frankland (Amnalen, 
1849, 71, 171, 189; compare, however, “‘ Experimental Researches,’”’ p. 238), by the 
action of zinc on ethyl iodide at 150°, obtained a mixture consisting of 50% of butane 
(“‘ ethyl’), 26% of ethane (‘‘ methyl ’’), and 22% of ethylene (“elayl’’). Later workers 
(for references, see Paneth and Lautsch, Ber., 1931, 64, 2702, 2708) found that a similar 
mixture of gases was obtained when the ethyl radical was expected, or known to be the 
immediate volatile product of the reaction studied; and from the thermal decomposition 
of ethylsodium (which, from its physical properties, must be a complex substance) a mixture 
of ethylene and ethane was obtained. (ii) Substantially pure hexane has been obtained 
for the first time in experiments in which n-propyl radicals would appear to be the immediate 
volatile product of the particular reaction. From the thermal decomposition of tetra-n- 
propyl-lead, Paneth and Lautsch (see also this vol., p. 380) obtained little, if any, hexane 
and, apparently, only ethane and ethylene. The differences between the results now 
obtained and those obtained by other workers may be due to the unusually low temper- 
atures, in no case higher than 120° and frequently below 100°, at which the decompositions 
take place. Gold compounds of the types now described may prove to be convenient 
sources not only of ethyl and n-propyl but also of higher alkyl radicals. 


EXPERIMENTAL. 


Diethylmonocyanogold (IV, R = Et) is prepared by shaking a dry ethereal solution of diethyl- 
monobromogold (1 part) with silver cyanide (2 parts, five times the theoretical quantity) for 
about 3 hours. After filtration, the solution is evaporated under diminished pressure in a dry 
atmosphere and the resulting long colourless needles are washed with alcohol or ligroin. The 
substance may be further purified by the addition of alcohol to its ethereal solution. It is 
soluble in ether, benzene, chloroform, and carbon tetrachloride, very sparingly soluble in ligroin 
and in alcohol, and insoluble in water [Found: Au, 70-0, 70-0; M in freezing bromoform, 
1084, 1092, 1125. (C,H, ,NAu), requires Au, 70-1%; M, 1124). 

In a melting-point tube, diethylmonocyanogold melts at 103—105° (slight variation according 
to crystal size) to a.clear liquid, gas being evolved; at 110—120° a colourless solid is formed, 
which decomposes above this temperature, sometimes slowly and sometimes with explosion. 
In bulk, the compound decomposes explosively when rubbed, or when heated above 80°, or 
when treated with a drop of concentrated sulphuric acid, leaving substantially pure aurous 
cyanide as a flocculent, greenish-yellow, electrified powder (Found: Au, 88-6. Calc.: Au, 
88-3%); the volatile product may be collected quantitatively as butane. 

A solution of diethylmonocyanogold in chloroform was boiled until cloudiness just developed 
(2 minutes). The slightly impure diethyldicyanodigold which separated on cooling was washed 
with chloroform; it began to decompose without melting from 110—120° (Found: Au, 78-6; 
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loss at 120°, 10-4. [Et,(CN),Au,], requires Au, 78-2; loss of 4Et, 11-5%), leaving substantially 
pure aurous cyanide (Found: Au, 87-8%). 

Monoethylenediaminotetraethyldicyanodigold (V, R = Et) is prepared by shaking a benzene 

solution of diethylmonocyanogold with a few drops of an aqueous solution of ethylenediamine 
and washing the colourless precipitate with water. It is purified by precipitating in the cold a 
chloroform solution with ligroin or an alcoholic solution with water (Found: N, 9-3; Au, 63-3, 
63-4; M in freezing nitrobenzene, 599, 625. C,,H,,N,Au, requires N, 9-0; Au, 63-3%; M, 
622-6). 
The compound is soluble in ether, chloroform, ethyl alcohol, and in dilute aqueous solutions 
of ammonia, ethylenediamine, and pyridine, sparingly soluble in cold benzene, and insoluble 
in ligroin and in water. It melts at 96—98° to a colourless liquid, gas being evolved. At about 
110°, when gas has ceased to be evolved, a colourless solid forms, and this has m. p. 161—162°, 
again with evolution of gas, followed by complete decomposition. The volatile product evolved 
at about 100° has been obtained as butane. 

Monoethylenediaminodiethylgold aurocyanide (VIII, R = Et) is the product of heating the 
above compound at about 100° (just above the m. p.), the loss being equivalent to two ethyl 
groups (Found: loss, 9-2. C,,H,,N,Au, requires loss, 9-3%). It is most conveniently pre- 
pared by boiling a suspension of monoethylenediaminotetraethyldicyanodigold in water for 30 
minutes; this melts with evolution of gas and slowly dissolves and (VIII, R = Et) crystallises 
in long colourless needles from the filtered solution on cooling. The substance is soluble in 
water and alcohol and insoluble in ether, benzene, chloroform, and ligroin. It has m. p. 161— 
162° (decomp.), gas being evolved (Found: N, 10-3; Au, 69-9, 69-8; apparent M in boiling 
water 433, 427, 427. C,H,,N,Au, requires N, 9-9; Au, 69-9%; M, 564-6). 

When a slight excess of hydrochloric acid is added to an aqueous solution of the compound, 
colourless crystalline diethyldicyanodigold (VII, R = Et) is precipitated. This is insoluble 
in water and almost insoluble in all the usual organic solvents. When heated slowly, it de- 
composes without melting above 100°; when heated rapidly, it decomposes explosively, leaving 
a greenish-yellow flocculent residue of aurous cyanide (Found: N, 6-1; Au, 77-9, 77-9. Calc. 
for [C,H,,N,Au,],: N, 5-55; Au, 78-2%. Found: loss at 120°, 11-5. Calc. for loss of 4Et, 
11-5%. Found in the residue: Au, 87-8. Calc. for AuCN: Au, 88-3%). The volatile product 
evolved slowly at 120° is butane. 

Di-n-propylmonocyanogold (IV, R = Pr*).—Monoethylenediaminotetra-n-propyldibromodi- 
gold (3 g.) (this vol., p. 219), suspended in water, is shaken with an excess of hydrobromic acid 
until it is converted into a colourless oil. This is extracted in ether, washed with water, dried 
with anhydrous sodium sulphate, and shaken with silver cyanide (6 g.) for some hours. After 
filtration, the ethereal solution is concentrated under diminished pressure in a dry atmosphere 
and treated carefully with alcohol; di-n-propylmonocyanogold crystallises in long colourless 
needles, soluble in ether, benzene, chloroform, and carbon tetrachloride, sparingly soluble in 
ligroin, and insoluble in alcohol and water. Its general behaviour is similar to that of the 
analogous ethyl compound. It melts at 94—95° to a colourless liquid, evolving gas and yielding 
a colourless solid at about 105°, above which gradual decomposition ensues. In spite of its 
decomposing explosively when heated in bulk, leaving a residue of flocculent aurous cyanide 
(Found: Au, 88-2. Calc.: Au, 88-3%), it is possible to carry out analyses [Found: Au, 63-6; 
loss at 100° (explosive decomp.), 27-9; M in freezing bromoform, 1202, 1233. (C,H,,NAu), 
requires Au, 63-7; loss of 8Et, 27-83%; M, 1237). 

When a solution of di-v-propylmonocyanogold in chloroform is warmed on the water-bath, 
it behaves similarly to the analogous ethyl compound, almost colourless but slightly impure 
di-n-propyldicyanodigold being precipitated. This is purified through its compound with 
ethylenediamine (see below). . 

Monoethylenediaminotetra-n-propyldicyanodigold (V, R = Pr*) is prepared from di-n-propyl- 
monocyanogold similarly to the analogous ethyl compound. It usually separates as a colourless 
oil, which solidifies on stirring. By precipitation of its chloroform solution with ligroin, it is 
obtained in colourless needles. It melts at 84—85° with evolution of gas, followed by solidi- 
fication at about 110°; this colourless product has m. p. 151—152°, again with evolution of 
gas, followed by complete decomposition (Found: Au, 58-2; loss at 100°, 12-7. C,,H3.N,Au, 
requires Au, 58-1; loss of 2Pr, 12-7%). The volatile product obtained at 100° is hexane. 

When monoethylenediaminotetra-n-propyldicyanodigold is boiled in water as described for 
the analogous ethyl compound, monoethylenediaminodi-n-propylgold aurocyanide (VIII, R = Pr*) 
is obtained in colourless needles. This salt is soluble in water and behaves similarly in all ree 
spects to the analogous ethyl compound. It is the non-volatile product of heating the parent 
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substance. It has m. p. 151—152° with evolution of gas, followed by complete decomposition. 
It is moderately stable in boiling aqueous solution (Found: Au, 66-7. C,,H,,.N,Au, requires 
Au, 66-6%). 

When an aqueous solution of the above compound is acidified, pure di-n-propyldicyanodigold 
(VII, R = Pr*) is obtained as a colourless crystalline precipitate. Like the analogous ethyl 
compound, it is insoluble in organic solvents and in water. It decomposes without melting 
from about 100°, yielding aurous cyanide. When heated rapidly, it decomposes explosively 
above 120° (Found: Au, 74-1; loss at 120°, 15-7. C,H,,N,Au, requires Au, 74-1; loss of 
2Pr, 16-2%). The volatile product of the decomposition is hexane. 


The authors are indebted to the Academic Assistance Council (maintenance grant to A. B.), 
the Government Grant Committee of the Royal Society, and Imperial Chemical Industries, 
Ltd., for grants. 


Guy’s HospiTtaL MEDICAL SCHOOL (UNIVERSITY OF LONDON), 
Lonpon, S.E. 1. [Received, April 30th, 1935.] 
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7-Methyl-4-isopropyl-1-hydrindone. By (Mrs.) OTTILIE BLUM-BERGMANN. 


Cook and his co-workers have described experiments on the synthesis of Diels’s hydrocarbon 
(C,z;H,,) from cholesterol (J., 1934, 1727). Some time ago the author was engaged in experi- 
ments with the same purpose and used nearly the same synthetic method. The initial material, 
7-methyl-4-isopropyl-l-hydrindone, was made in a different way, which is reported here, as 
the experiments are not being continued. 

3-Bromo-p-cymene (73 g.) in ether (300 c.c.) was boiled with magnesium turnings (8-4 g.), 
activated with iodine and methyl iodide, for 2—3 hours, ethyl orthoformate (67-5 c.c.) was then 
added, and the whole heated for 30 minutes; the ether was then distilled off, the residue heated 
for 2 hours, fresh ether, ice, and ammonium chloride added, and 5-methyl-2-isopropylbenzal- 
dehyde diethylacetal isolated as an oil (19-3 g.), b. p. 185—145°/15 mm., 93—100°/0-85 mm. 

The acetal (11 g.) was boiled with glacial acetic acid (20 c.c.) and dilute sulphuric acid (10 c.c.) 
for 2 hours and the crude aldehyde was isolated and heated with malonic acid (13 g.), pyridine 
(25 c.c.), and piperidine (1 c.c.) for 2 hours on the water-bath, then for 90 minutes over a direct 
flame. On acidification crystalline 5-methyl-2-isopropylcinnamic acid was obtained, contamin- 
ated with an oily by-product, probably the stereoisomeric acid. MRecrystallisation from 
petroleum (b. p. 80—100°) gave silky needles (4-5 g.), m. p. 145—146-5° (Found: C, 76-4; 
H, 8-1. C,,;H,,O, requires C, 76-5; H, 7:8%). 

The conversion into §-3-p-cymylpropionic acid was effected in quantitative yield by sodium 
amalgam (4%) in alkaline solution. When the reducing power towards potassium permanganate 
had disappeared, the solution was filtered and acidified. From light petroleum or, better, from 
a small amount of methyl alcohol, stout prisms, m. p. 66—68-5°, were obtained (Found : C, 75-4; 
H, 8-9. Calc. for C,;H,,0,: C, 75-7; H, 8-7%). The ring closure was effected by stannic 
chloride in the way described by Cook and his co-workers. The m. p. of the 7-methyl-4- 
isopropyl-1l-hydrindone (from methyl alcohol, long prisms) is somewhat higher than that re- 
ported by Cook.—THe DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Re- 
ceived, April 1st, 1935.] 





The Preparation of 4-Methylthiazole-5-carboxylic Acid. By (Miss) M. L. ToMLInson. 


Ir has been pointed out by Williams (J. Amer. Chem. Soc., 1935, 57, 229) that the compound 
C,H,O,NS obtained by Windaus by the oxidation of vitamin-B, (J. Physiol. Chem., 1934, 27, 
288) is probably the 4-methylthiazole-5-carboxylic acid described by Wohmann (Amnalen, 1890, 
259, 299). This acid and its ethyl and methy] esters have now been made by a new and improved 
method. 

Ethyl 4-Methylthiazole-5-carboxylate—Ethy] a-bromoacetoacetate (22 g.) (Conrad, Ber., 1896, 
29, 1944) was mixed with thioformamide (10 g.) (Willstatter, Ber., 1909, 42, 1911), heat being 
developed. After cooling, the mixture was extracted with dilute hydrochloric acid, the extracts 
washed with a little ether, and the thiazole derivative liberated with ammonia, isolated by means 





Notes. 1031 


of ether, and distilled, b. p. 215—-220°. The ester solidified to a mass of colourless prisms, m. p. 
and mixed m. p. with the substance prepared by Wohmann’s method, 27—28° (yield, about 
50%, calculated on the acetoacetic ester). The hydrochloride separated from alcohol in long 
colourless needles, m. p. 155° (decomp.). The ester was hydrolysed in the manner described by 
Wohmann; 4-methylthiazole-5-carboxylic acid crystallised from water in colourless prisms, 
m. p. 280° (decomp.) with previous softening at 270° (Wohmann cites m. p. 257°, decomp.) 
(Found: C, 42-3; H, 3-6. Calc. forC;H,O,NS: C, 42-0; H, 3-5%). 

Methyl 4-Methylthiazole-5-carboxylate.—4-Methylthiazole-5-carboxylic acid (1 g.) was refluxed 
for 5 hours with methyl-alcoholic hydrogen chloride, the solution evaporated to dryness, and the 
residue treated with aqueous ammonia, washed with water, and crystallised from light petroleum 
(b. p. 40—60°) ; the methyl ester separated in colourless prisms, m. p. 74—75° (Found: C, 46-0; 
H, 4-6. Calc. forC,H,O,NS: C, 45-8; H, 45%). 

The specimens were sent to Professor A. Windaus, who has very kindly reported as follows : 
‘I consider your preparation to be identical with our degradation product from vitamin-B,. 
Our ester melted at 74—75°, the synthetic ester melts at 75-5—76-5°, and the mixture has m. p. 
75—76°. Our acid melts with decomposition above 268°, whereas the synthetical acid begins 
to decompose at 269°.”” The decomposition point of the acid depends to some extent on the rate 
of heating.—Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. ([Received, June 12th, 1935.] 





The Condensation of Naphthalene with Phthalic Anhydride. By E. DE BARRY 
BaRNETT and N. R. CAMPBELL. 


ContRARY to the statement of Graebe (Annalen, 1905, 340, 250), 0-B-naphihoylbenzoic acid is 
formed in considerable quantity by the condensation of naphthalene with phthalic anhydride in 
the presence of aluminium chloride, although the experiments of Groggins and Newton (Ind. 
Eng. Chem., 1930, 22, 157) indicate that the amount is only small when the temperature is 
kept at or below 0°. When 64 g. of naphthalene were added during 30 minutes to a solution of 
74 g. of phthalic anhydride and 150 g. of aluminium chloride in 450 c.c. of tetrachloroethane, 
the temperature rose to 28°. After being kept for 2} hours at the ordinary temperature, the 
product was worked up in the usual way and the crude phthaloylic acids were converted into 
their ammonium salts. By fractional crystallisation a less soluble salt was obtained, from 
which o-8-naphthoylbenzoic acid was liberated. Recrystallised from dichloroethylene (yield, 
30 g.), this was obtained colourless, m. p. 166°, unaltered after repeated crystallisation 
from toluene (Found: C, 78-2; H, 4:6. C,,H,,0O, requires C, 78:2; H, 44%). It gave 
a deep olive-green solution in concentrated sulphuric acid, and was precipitated as a 
hydrate, m. p. 135° (decomp.), when a solution of one of its salts was poured into cold dilute 
hydrochloric acid (Found: loss at 110°, 6-3. C,,3H,,03;,H,O requires H,O, 6-1%). It isa 
much more powerful sternutator than the a-isomeride. When 2 g. were heated for 8 hours 
at 60° with 2 g. of boric acid and 20 c.c. of concentrated sulphuric acid, a mixture of quinones 
was obtained, of which the main component was 1 : 2-benzanthraquinone. This was isolated 
by recrystallisation from glacial acetic acid and from alcohol and was identified by comparison 
with an authentic sample. 

o-8-Naphthoylbenzoic acid was easily reduced to w-f-naphthyl-o-toluic acid by heating on 
the water-bath for 12—16 hours with zinc dust (activated by copper sulphate), caustic soda, and 
ammonia. After crystallisation from toluene this melted at 135° (Found: C, 82-3; H, 5-4. 
C,,H,,O, requires C, 82-4; H, 5-3%). 

Like other phthaloylic acids, both o-naphthoylbenzoic acids are readily decarboxylated by 
heating with ‘‘ copper chromite ’”’ (Adkins and Connor, J. Amer. Chem. Soc., 1931, 58, 1092) 
without a solvent. This reaction frequently provides a convenient route to the phenyl aryl 
ketones.—SIR JOHN Cass TECHNICAL INSTITUTE, JEWRY STREET, LONDON, E.C. 3. [Received, 
June 6th, 1935.] 





An Improved Method for the Synthesis of Coumarins by v. Pechmann’s Method. By HERBERT 
APPEL. 


ALCOHOLIC hydrogen chloride (compare Crabtree, Robinson, and Turner, J., 1918, 113, 879) 
may be used with advantage in cases where the v. Pechmann synthesis (v. Pechmann and Duisberg, 
Ber., 1883, 16, 2119) or its past modifications (e.g., 73% sulphuric acid, hydrogen chloride in 
glacial acetic acid, zinc chloride in boiling alcohol, phosphorus oxychloride) give indifferent 
results. The advantages of the new method are the avoidance of sulphonation of aromatic 
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nuclei, the prevention of saponification of the B-keto-ester, and improved yields (exceeding 
90%) and purer products. In the cases, however, where little or no reaction can be effected 
with concentrated sulphuric acid (phenol, $-naphthol, quinol; Robertson, Sandrock, and 
Hendry, J., 1931, 2427), the new method also gives bad results. 

A solution of the phenol and the §-keto-ester in absolute alcohol was saturated with 
hydrogen chloride at room temperature (cooling with ice-water) and kept in a well-stoppered 
flask for 20 hours. It was then poured into water, and the coumarin collected after an hour. 
One recrystallisation from dilute alcohol usually sufficed for purification. 

2-6 G. of acetoacetic ester, 2-2 g. of resorcinol, and 25 c.c. of alcohol gave 3-4 g. of 7-hydroxy- 
4-methylcoumarin (6-methylumbelliferone), m. p. 185—186°. Yield, 97%. 

3-9 G. of benzoylacetic ester, 2-2 g.of resorcinol, and 25 c.c. of alcohol gave 4-4 g. of 7-hydroxy- 
4-phenylcoumarin (§-phenylumbelliferone), m. p. 242—244°. Yield, 92%. 

3-0 G. of «-naphthol, 2-6 g. of acetoacetic ester, and 25 c.c. of alcohol, after 48 hours at room 
temperature, the product being washed with water and ether, gave 3-9 g. of 4-methyl-«-naphtha- 
coumarin, m. p. 169-5—170-5°. Yield, 93% (after 20 hours, the yield is only 62%). 

2-5 G. of hydroxyquinol, 2-6 g. of acetoacetic ester, and 25 c.c. of alcohol gave 3-6 g. of 
6 : 7-dihydroxy-4-methylcoumarin (f$-methylesculetin). The product was precipitated from 
sodium carbonate solution with acid and recrystallised from dilute alcohol; m. p. 273—275°. 
Yield, 95%. Contrary to v. Pechmann and v. Krafft (Ber., 1901, 34, 423), who record m. p. 
269—270° and yield 60—65%, this substance does not show fluorescence in aqueous or sulphuric 
acid solutions. 


The author is grateful to Prof. R. Robinson, F.R.S., for his interest in the work.—THE 
Dyson PERRINS LABORATORY, OxFORD. ([Received, April 3rd, 1935.] 





Abnormal Reaction of an a-Bromo-ketone. By (Miss) S. N. McGeocu and T. S. STEVENs. 


WHEN w-bromo-w-benzylacetophenone (I) was treated with aniline, it yielded, in addition to 
the expected product (II), an isomeric substance for which the structure (III) was established 
by degradation and synthesis. A possibly analogous anomaly in the interaction of a-bromoiso- 


hexophenone and p-toluidine has been recorded by Wedekind and Bruch (Amnalen, 1929, 
471, 108), who have kindly agreed to our continuing the study of this type of reaction. This 
formation of (III) from (I) may be related to the conversion of w-anilinoacetophenone (IV) 
into 2-phenylindole (V) (compare Bischler, Ber., 1892, 25, 2860), and its mechanism will be 
discussed in a future communication. 


(I.) Ph*CO-CHBr-CH,Ph Ph:NH:°CH,°COPh_ (IV.) 


II.) Ph*CO*CH(NHPh)CH,Ph CO. (v.) 


(III.) Ph*CH(NHPh)-CO-CH,Ph NH 


w-A nilino-w-benzylacetophenone (11).—w-Bromo-w-benzylacetophenone (Stevens, Creighton, 
Gordon, and McNicol, J., 1928, 3193) (pure, m. p. 58°; 1 mol.) was heated with aniline (2 
mols.) at 60° for 4days. The mixture was diluted with ether, filtered from aniline hydrobromide, 
and shaken with moderately dilute hydrochloric acid. The precipitated hydrochloride (A), 
treated with ammonia, yielded w-anilino-w-benzylacetophenone, pale yellow warts from alcohol, 
whose m. p., 106°, was depressed by admixture with (III) (Found: C, 83-8; H, 6-6; N, 4-6. 
C,,H,,ON requires C, 83-7; H, 6-3; N, 4-7%). The base was reduced by heating on the water- 
bath with excess of zinc dust and 15% sulphuric acid for 1—2 hours. Extraction with ether 
then yielded w-benzylacetophenone, identified as semicarbazone, m. p. and mixed m. p. 143°. 

a-Anilinodibenzyl ketone (III) separated on basification of the aqueous filtrate from (A) and 
crystallised from alcohol in colourless needles, m. p. 125° (Found: C, 83-5; H, 6-5%). Re- 
duced in the same way as its isomeride, it gave dibenzyl ketone semicarbazone, m. p. and mixed 
m. p. 145°. The yields of the isomeric bases were small, 20% and 5% respectively, and the 
ethereal filtrate from (A) contained much resin; variation in conditions effected no improvement. 

Synthesis.—a-Bromodibenzy]l ketone (Bourcart, Ber., 1889, 22, 1368) was heated with aniline 
(2 mols.) at 60° for } hour. Water was added, and the anilinodibenzyl ketone collected. After 
purification, it melted at 125°, alone or mixed with the product from w-bromo-w-anilino- 
acetophenone.—THE UNIvERsITy, GLascow. [Received, April 1st, 1935.] 
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238. The Kinetics of the Reaction between Carbonyl Sulphide and 
Water. 


By H. W. THompson, C. F. KEARTOoN, and S. A. LAMB. 


THE development of the theory of activation and the application of the kinetic theory to 
the calculation of collision frequencies have led to a satisfactory understanding of 
the mechanism of chemical change in the gaseous phase. Attempts have recently been 
made to apply similar considerations to reactions in solution by estimating the Arrhenius 
energy of activation from the observed temperature coefficient of the reaction velocity, 
and then taking the product of a calculated collision frequency and the necessary activation 
factor, in order to find the degree of agreement with the measured reaction rate. 

Bimolecular reactions in solution appear to fall into two classes (Moelwyn-Hughes, 
Chem. Rev., 1932, 10, 241). On the one hand, there are processes the rate of which is given 
by the simple formula z.e~““”, z being the collision frequency and E the energy of activation; 
on the other, there are many reactions the measured rate of which is considerably lower 
than the calculated value (Thompson and Blandon, J., 1933, 1237). A comparison of 
rates and energies of activation of the same “ abnormally slow ’’ reaction when occurring 
in different solvents suggests that the slowness does not arise as a result of solvent deactiv- 
ation, and there are other experiments which confirm this view. It appears that the dif- 
ference in rate in the different solvents is due to catalytic activity of these. One general- 
isation is that reactions between neutral molecules are usually slow, and those between 
a neutral molecule and an ion are “‘ normal.’’ Hinshelwood has suggested that the presence 
of an ionic atmosphere may remove some type of selection aor similar to those found 
in spectroscopy (J., 1933, 1357). 

Bimolecular reactions in solution are of two types: (i) those between two solutes in 
an inert solvent, and (ii) those in which the solute reacts with the solvent. Calculation 
of the collision frequencies in reactions of the latter type is difficult, but can be made on 
certain assumptions, and almost all the examples studied show a satisfactory agreement 
with the hypothesis of activation (Moelwyn-Hughes, J., 1932, 95). Scarcely any examples 
have been reported in which the same reaction has been examined, on the one hand, as 
a solute-solute process, and on the other, as a solute-solvent reaction. The most satis- 
factory case of this is the reaction between acetic anhydride and ethyl alcohol, which has 
been studied in alcoholic solution and also in hexane and carbon tetrachloride. This re- 
action has also been examined in the gas phase, in which it is ‘‘ abnormally slow ”’ just as in 
the inert solvents (Moelwyn-Hughes and Hinshelwood, J., 1932, 230; Moelwyn-Hughes and 
Rolfe, bid., p. 241). 

There is one solute-solvent reaction which has appeared to be in disagreement with 
theory, viz., that between carbonyl sulphide and water. The discrepancy has been 
attributed to inexplicable catalytic influences of hydroxyl ions present. In the work now 
to be described this reaction has been re-examined (a) as a solute-solvent reaction, 
(6) as a bimolecular reaction in ethyl alcohol, and (c) in the gas phase. 


EXPERIMENTAL. 


Carbonyl sulphide was prepared by adding saturated ammonium thiocyanate solution to 
well-cooled sulphuric acid (Moser, ‘‘ Die Reindarstellung der Gase ’’), hydrogen sulphide and 
cyanide, carbon dioxide and disulphide, and sulphur dioxide being removed by absorbents. 
The final product was passed through concentrated sulphuric acid and collected in a liquid-air 
trap, whence it could be distilled off as required. 

Two different experimental methods were used for the investigations in the liquid phase. 
The first was as described by Buchbéck (Z. physikal. Chem., 1897, 23, 123) and involved the 
expulsion by mercury of known amounts of solution at intervals from a completely filled reaction 
vessel submerged in a thermostat. In the second method, measured volumes of solution were 
sealed in small glass tubes and allowed to remain in the thermostat for different periods, after 
which the contents were analysed. Both methods gave essentially the same results, but the 
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reaction in ethyl alcohol could not be studied by the former method owing to some interaction 
with the mercury. 

The reaction was followed by the rate of formation of hydrogen sulphide. Measured volumes 
of solution were transferred into ice-cooled iodine solution, and excess iodine back-titrated 
with sodium thiosulphate. 

To obtain a solution of carbonyl sulphide, distilled water, freshly boiled out in a vacuum, 
was transferred in an atmosphere of nitrogen to a wash-bottle and placed in the thermostat 
for some time. Carbonyl sulphide was then passed through it, the unabsorbed gas passing 
through a 10 cm. column of mercury. The initial concentrations were determined as by Buch- 
béck, who decomposed the carbonyl sulphide rapidly in alkaline solution and estimated the 
hydrogen sulphide formed. In order to avoid errors due to the oxidation of the alkali sulphide, 
an alkaline solution of zinc sulphate was used, zinc sulphide being precipitated equivalent to 
the hydrogen sulphide present. Excess acid was added to neutralise the alkali, and the 
hydrogen sulphide liberated from the zinc sulphide determined as above. 

The pure dry ethyl alcohol was prepared by the method of Segaller (J., 1913, 103, 106) and 
Wiig (J. Physical Chem., 1928, 32, 961). The commercial product was refluxed for 6 hours 
over caustic potash and freshly-prepared silver oxide to remove any aldehyde, then refluxed 
successively over lime and calcium for 6 hours, and finally distilled directly into the vessel in 
which the solution was to be made. 

The reaction in the gas phase was followed by heating known amounts of water and carbonyl 
sulphide together in sealed soda-glass tubes of ca. 60 c.c. capacity at a constant temperature for 
definite periods, the hydrogen sulphide produced then being estimated, by opening the chilled 
tubes under excess iodine, washing them out, and titrating the excess iodine. Weighed amounts 
of water were obtained by partly filling thin-walled glass capillaries; these were introduced 
into the reaction vessels, which were drawn off, sealed to a suitable filling apparatus, evacuated, 
filled with carbonyl sulphide to the desired pressure, and finally sealed off. A small amount of 
carbonyl sulphide was always decomposed in the sealing process. Series of these tubes were 
prepared, each containing different amounts of the reactants, and the capillaries were broken by 
shaking. The tubes were then submerged in the heating bath. The volumes of the tubes 
were subsequently determined by filling with water. 

1. The Reaction in Aqueous Solutton.—In water, carbonyl sulphide is hydrolysed thus: 
COS + H,O = CO, + H,S. Buchbéck found that at 15—40° the reaction closely followed 
a unimolecular law. The velocity constant was given by log, k = — 11,737/T + 45-66, which 
corresponds to an energy of activation of 23,240 cals. We have found velocity constants and a 
temperature coefficient agreeing essentially with those of Buchbéck. Typical results are given 
in the following tables. The velocity constants are calculated from the expression k = 
2-303/¢ . logy, a@/(@ — *), ing.-mols./l./sec. In the tables, x is the number of c.c. of thiosulphate 
equivalent to the iodine used, c the concentration of carbonyl sulphide, and ¢ the time in 
minutes. 

(1) Temp. 30-0°. (2) Temp. 47°4°. (3) Temp. 36°4°. (4) Temp. 41°9°. 
c = 0°0157; a = 69°6. c= 0°00556; a = 30°4. c = 0°01293; a = 481. c = 0°00379; a = 15°5. 
t. x kxi0% 4. x RkRxX10° £. x kx 10° t. - &x 10°. 
0 —_ 0 0 — 0 0 — 
39 52 3°98 12 59 29°6 29 70 9°04 
80 ‘9 3°97 25 10°9 29°6 59 13-1 8°98 
203 ‘1 4:03 37 14°95 313 97 19°65 9°02 
281 2 4:00 54 19°25 30°5 135 24°8 8°94 
393 ‘0 3°92 75 22°9 311 179 29°6 8°87 
525 “6 3°96 98 25°25 30°1 268 36°5 8°84 
614 6 3°99 129 =27°65 30°9 359 41°1 8°95 
1491 6 3°97 172 292 31:3 oo 48:1 —_ 
1848 8 4:00 we 30°4 — Mean 8°95 


eo 


AQAaAoOnh Rw 
SIwSON KI. aSO 


e) 


6 -— Mean 30°6 
Mean‘ 3°98 
(5) Temp. 25°0°. (6) Temp. 15°5°. 
c = 0°00597; a = 25°4. c = 0°0376; a = 228-7. 
— 1428 §2)1°1 2:09 —- 2612 134°4 
"25 2-07 1692 22-9 2°27 ’ 0°58 3100 149°9 0°57 
i 2°07 3037 24°7 1:97 , 0°59 4150 1740 0°57 
2-08 4140 25:2 2°07 i 0°57 Cy 228°7 = 
2°11 ) 25°4 — . 0°56 Mean 0°57 
2°04 Mean 2°09 ; 0°56 
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The mean velocity constants at the different temperatures are summarised in Table I. 
The temperature range is rather greater than that used by Buchbéck. The plot of logy) & 
against 1/T shows that the results can be represented by k = 1-06 x 10% x e—22,170/ RT 


TABLE I. 
T, Abs. 108/T. kx 105. log,,k. T, Abs. 109/T. kx 105. log, k. TT, Abs. 10°/T. kx 10°. log,,)h. 
288°5° 3466 057 67559 303°3° 3-297 4:18  5-6212 313°8° 3187 143 4:1553 
2980 3356 2°09 45-3201 3081 3246 7:41 5:8698 3149 3176 164 4-2148 
302°8 3302 3:84  5-5843 3091 3:235 849 5-9289 320°2 3:123 30-4 44-4829 
303°0 3300 3:98  5-5999 309°4 3232 888  5-9484 320-4 3:121 305 44-4843 


The influence of hydrochloric and acetic acids at different concentrations upon the reaction 
velocity is shown by the following results at 35-1° : 


Hydrochloric acid. Acetic acid. 
Normality 0-99 1:99 3°97 0 0°98 1:97 3°92 
5°32 3°69 151 7°41 6°96 6°42 5°04 
2. The Reaction in Alcohol.—The velocity constant & in Table II is calculated from the 
equation k = 2-303/t(a — b) .log,,b/(a — x)/a(b — x), in g.-mols./l./sec. Where the initial 
concentrations a and b are approximately equal, however, the more amenable expression 
k = x/at(a — x) is employed. A satisfactory bimolecular constant is obtained. 


TABLE II. 
(1) Temp. 75-0°. 2) Temp. 60°. 
a=010; = 0°018. “1802; b = 0°0675. 


100*. 100(a—x). 100(b—+). kx 105. (secs.). w. l0(a—x). 100(b—*). kx 105. 
9°55 1°35 6°77 52°8 : : 5°51 2°21 
9°325 1125 6°55 91°5 , 2 4°825 2°16 
9°015 0°815 6°23 142°5 ‘ ‘ 3°925 2°31 
8°66 0°46 6°71 224°7 : ’ 3°365 1:92 
8°445 0°245 7°32 360°0 ; "Be , 2°24 
8°35 0°15 6°71 420°0 ‘ : : 2°16 

_- — — 657°3 F : “125 1°92 

Mean 6°72 660°0 F ‘ . 2°05 

oO —_— 
Mean 2°12 
The mean values at three temperatures are given below : 


T, Abs. 109/T. kX10%. log, k. T,Abs. 108/T. kx10%. log,,k. T, Abs. 109/T. &X105. logy, k. 
348° 2874 «G42 «58075 = 341° 2933 3-99 56010 = 338° «3-003)=— 244 53874 


These data give a satisfactory linear plot of log,, k against 1/7, from which the energy of activ- 
ation is 14,930 cals. Although this value may be somewhat inaccurate, it is certain that the 
energy of activation in alcohol is considerably lower than in aqueous solution. This surprising 
result makes it desirable to examine the possible sources of error. The only one which must be 
seriously considered is that the alcohol was insufficiently dried, causing an inaccurate velocity 
constant. In our opinion this does not apply, in view both of the experimental method used 
to guard against the difficulty, and of the uniformity of the results. 

In the course of the experiments it was discovered that carbonyl sulphide reacts extremely 
slowly with dry alcohol. Although this reaction is not recorded in the literature, the two sub- 
stances are known to react in the presence of caustic potash: COS + KOH + C,H,-OH = 
H,O + SK:CO,C,H;. For a variety of reasons the reaction involved here is probably COS + 
C,H,-OH = CO, + C,H,*SH. The products gave the following tests: (i) The smell of the 
solution was like that of ethyl mercaptan; (ii) alcoholic mercuric chloride gave a white pre- 
cipitate; (iii) after removal of hydrogen sulphide by evaporation, copper sulphate solution 
gave no precipitate, although with Bender’s salt SK-CO,C,H; it is said to give a white 
precipitate. 

The rate of this reaction between carbonyl sulphide and alcohol was relatively so slow as not 
to disturb that between carbonyl sulphide and water in alcoholic solution. 

3. The Reaction in the Gas Phase.—In these experiments there is a possibility that some 
carbonyl sulphide might dissolve in the liquid water and a slight reaction occur during the 
1 minute’s heating period. At the lowest temperature employed, however (180° ), no interaction 
could be detected. 
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The results of the measurements in unpacked soda-glass vessels (cylinders, 12 cm. x 2-4 
cm. diameter) are summarised below. The constants are calculated from the appropriate 
expression used in Section 2. 


TABLE III. 
(1) Temp. 277°. (2) Temp. 300°. 
COs COS 
changed, changed, 

[COS]. [H,O]. %. t, mins. & x 108, [COS]. [H,O]. %. t, mins. k& xX 10° 
001923 = =0°0215 12°8 46°5 2°5 0°0201 0°0283 18°9 26°0 59 
001799 =0°0311 22-0 61°5 2°3 0-0151 0°0651 50°4 37°5 55 
0-0199 0°0399 42-2 1210 2°4 0:0187 0°0496 52°85 51°5 5°5 
001013 =0°0168 40°2 145°0 48 001714 0°0192 55°6 93°5 10°9 
001819 0°0114 26°4 198-0 2°9 0:0191 0:0270 36°4 121°0 2-7 

Mean 3:0 Mean 6°1 





(3) Temp. 344°5°. (4) Temp. 382°. 















00119 00210 80°5 36°0 52 0°0230 0°0298 776 16°5 87 
001295 0°0119 48°0 45°5 2°9 0°0166 0:0098 32°95 17°5 58°5 
00124 0°0179 753 54°5 3°7 0°0172 0°0262 85°96 21°5 97 
0°01147 0°0084 45°0 61 3°1 0:0190 0°0227 86°52 23°5 137 
0°00876 0°0148 70°2 80°5 2°3 0°0150 0°0221 84°53 36°0 120 
Mean 3°4 Mean 100 
(5) Temp. 244°. (6) Temp. 295°. 
0:0208 0°0524 6:0 57 0°35 0:0160 0°054 33°6 149 3°7 
0°0214 0°0176 4°12 101 0°41 0°0154 0°0223 25°0 60 3°9 
0°01095 0°0326 15°0 166 0°48 0°0174 0°0184 61 37 18 
00274 0°0063 4°5 185°5 0°75 6:0142 0:0069 38°6 207°5 7°5 
0°0123 0°0398 70°0 459 0°87 Mean 4°2 
Mean 0°57 


The constants in the above tables are not satisfactory, for the variation about the mean is 
sometimes considerable, but when it is remembered that the measurements are made over a 
temperature range of about 140°, with an alteration in the reaction rate of ca. 22-fold, the dis- 
crepancy is not so great. The bimolecular velocity constants are sensitive to small errors in 
a and b, and traces of water due to incomplete or uneven drying of the vessels may lead to serious 
The plot of log,, & against 1/T (from the following data) is nearly a straight line, 


errors. 
giving a value of the Arrhenius energy of activation of 25,720 cals. 
T, Abs. 103/T. k. log io *- T, Abs. 10°/T. k. log so 2. 
517° 1°934 0:00057 4-7559 573° 1-745 00061 3-7853 
550 1:818 0°003 3-4771 617°5 1°620 0°034 35-5315 
568 1°761 00042 3-6232 655 1°527 0°10 1-0000 


The irregularities just mentioned might be taken as implying the presence of a predominantly 
heterogeneous process. The reaction was therefore studied at 335° in both packed and unpacked 
vessels. The acceleration in a packed vessel, though definite, was not considerable. For a 
5-fold increase in surface/volume ratio, these results imply the presence of ca. 15% heterogeneous 
In a vessel packed with powdered glass the acceleration was rather more marked. 





reaction. 
Unpacked vessel. Packed vessel. 
cos COs 
changed, t, changed, t, 

[COS]. [H,O}. %. mins. k x 10*. [COS]. [H,O]. *. mins. k x 10?. 
0-014 0°0213 74 60 2°6 0°0152 0°0306 87 41 3°96 
0021 0-011 79 50 3°2 0°0180 0:023 72 30 4°80 

0°052 81 30 2°0 Mean 4°4 

‘6 


: DISCUSSION. 

The experiments on the aqueous hydrolysis indicate an expression for the velocity 
constant k = 1-06 x 10!2 ~« ¢-22:71/27T_ Tf, however, in the calculation of E allowance is 
made for the variation of solvent viscosity with temperature, i.c., = const. x y . e~*’/"?, 
then E’ = 26,260 cals. and k = 5 x 1018 ye~26260R27, The collision frequencies calculated 
by two independent methods (cf. Moelwyn-Hughes, of. cit.) are 1-79 x 101* 4 and 2-35 x 
1015 y, against the experimental value of 5 x 10%®y. Buchbiéck’s data give k = 1-74 x 
1017 ne-27.01kT, Tt seems, therefore, that the disparity between calculated and observed 
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reaction velocity is not as marked as has been supposed, but the measured rate is still in 
excess of that predicted. The approximate nature of the expressions for the collision 
frequencies may account for some divergence, but, on the other hand, the effect of acids 
suggests that catalytic influences of ions are involved. 

The measured velocity constant of the bimolecular reaction in ethyl alcohol is consider- 
ably lower than that which would be expected for a reaction occurring at the temperatures 
involved with the measured energy of activation of 15,000 cals. The molecular diameters 
of carbonyl sulphide and water being taken as 5 x 10-8 and 1 x 10-8 cm. respectively, 

60. = 16 and k%),. = 42, the observed values being 2-4 x 10-5 and 6-4 x 10°. For 
a water diameter of 10-? em. the discrepancy is diminished by about 5-fold. An error of 
several thousand calories in the determined value of E—though very improbable—would 
still leave a considerable discrepancy between the calculated and the measured constants. 

If it is assumed as a first approximation that the gaseous process measured is not 
seriously affected by a concurrent heterogeneous process, similar calculations show that 
the calculated exceeds the observed rate by some powers often. For instance, if E = 25,500 
and Gwater = 5 X 10-8 cm., at 295° the ratio Rogic,/Robs. = 2°4 X 10*. If the measured 
energy of activation is lower than that of the true gas reaction, the discrepancy will be 
smaller; it is, however, unlikely that E will be greater than about 30,000 cals. and at the 
same time the true rate of the homogeneous process will have to be lower than the rate 
measured. 

It thus appears that (1) the rate of aqueous hydrolysis of carbonyl sulphide is somewhat 
higher than would be “ calculated”; (2) in alcoholic solution the interaction of carbonyl 
sulphide and water is bimolecular, E is much lower than in the aqueous hydrolysis, and the 
rate is ‘‘ abnormally” low; (3) in the gas phase E is higher and the rate is still ‘‘ abnormally 
slow’; (4) ionic species appear to have catalytic influence upon the reaction. These 
results suggest that, in general, the reaction between the two substances is “ slow” and 
only becomes ‘‘ normal” when an ionic atmosphere is present. 

The hydroxyl ion appears to be particularly able to facilitate some process essential 
to the reaction. If in the gas phase and in alcohol the bimolecular process is COS + 
H,O —-> CO, + H,S, whereas in aqueous solution there is superposed the concurrent 
reaction COS + H,O + OH’ —> HCO,’ + H,S, then in aqueous solution 

rate = k, [COS][H,O] + &, [COS][H,O][OH’] 
and if the first term is much less than the second 
ees d [COS] 1 _ ky 
— dt ° [COS)/H,OJOH’]  [OH’] 
Then in the absence of added acids, approximately, k, = k,/*/K, so that d log k,/dT = 
d log k,/dT — 4d log K,,/dT and therefore E, = E, — 4Q where Q is the heat of ionisation 
of water, viz., 13,700 cals. The observed values of E, and £, are 22,700 and 14,900 cals. 

On the other hand, there are reasons for believing that the hydroxyl ion may not be 
unique as a catalyst, and there may here be an example of “‘ basic catalysis." Attempts 
to study the reaction in buffer solutions have so far proved fruitless owing to deposition 
of sulphur and other experimental difficulties. 





SUMMARY. 


The kinetics of the reaction between carbonyl sulphide and water occurring (a) in aqueous 
solution, (5) in alcohol, and (c) in the gas phase, have been examined. In the gas phase 
and in alcohol the bimolecular reaction observed is some powers of ten slower than would 
be calculated from theory by assuming the observed energy of activation. In aqueous 
solution, the measured rate is slightly greater than that calculated. The reaction is catalysed 
by many substances and ions, of which the hydroxyl ion is perhaps the most effective. 
In aqueous solution there may be an example of “ basic catalysis.” 


THE OLD CHEMISTRY DEPARTMENT, 
THE UNIVERSITY MusEuM, OxForD. (Received, January 29th, 1935.] 








Rule and Cunningham: Studies in Solvent Action. Part X. 


Studies in Solvent Action. Part X. Rotatory Powers of Di- 
methylene Tartrate, Methylenetartaric Acid and its Dimethyl Ester, 
in the Presence of Added Solvents and Salts. 


By H. Gorpon RULE and JAMEs P. CUNNINGHAM. 


AUSTIN and CARPENTER (J., 1924, 125, 1939) showed that methylenetartaric acid (I) and 
dimethylene tartrate (II or III) exhibit simple dispersion under varying solvent conditions 
and over a wide range of wave-length. These properties have been ascribed to the rigidity 
of the molecular structure, which (unless dimethylene tartrate is represented by formula 
III) is such that no appreciable modification in the configuration can result from the spatial 
rotation of one part of the molecule with respect to another. 


co 
O_CH-CO,H cw \cH, or Hat COo 
HC | H.C. Jc. Jo | H—CH¢ | 
S—CH-CO,H SG oA + CH, 
(I.) (IT.) (IIT.) 


The present communication deals with the manner in which the rotatory powers vary 
with the polarity of the solvent and the nature of added salts. It had also been intended 
to examine the influence of concentration and temperature upon the compounds in polar 
and in non-polar solvents, but this was not practicable owing to their extremely low solubil- 
ity in the latter. These effects were, however, successfully determined by using the more 
readily soluble dimethyl ester of methylenetartaric acid. In view of the comprehensive 
dispersion data obtained by Austin and Carpenter, the rotatory powers in the present work 
were measured only for the one wave-length, A5,4,,;. Observed values are summarised in 
Table I, the solvents being arranged in diminishing order of the rotatory powers of the 
solutions. 

TABLE I, 


Molecular rotations of dimethylene tartrate in solution. 
p X 1018, [M]201° Solvent. p X 10!%, [M20 
3°89 +213° J! ee 3°78 +240° 
3°85 188°5 CH,°-CHO 2°71 235 
2°75 173 a 1-73 232 
2°24 173 IME. dcensssscesasesiocsss 1°61 221°5 
1-50 156 CHCl, 1:10 220 
1°52 154 CEE asaccssumesivsrnse 3°05 219 
1°60 144 eo ren 1:73 218 
1°25 142 1°66 172 
1°25 129 
0 129 
0°4 126 
Concentration. Where possible, a concentration c = 1 was used, but in some cases, notably 
o-C,H,Cl, (¢ = 0°192), C,H,I (c = 0°202), and C,H,Br (c = 0°254), a lower value had to be adopted, 
on account of the small solubility. Observed rotations varied from 0°300° (average of 10 readings) for 
1 = 2 in C,H,I to 5°52° for 7 = 4 in CH,*NO,. Values of » are from Smyth (“ Dielectric Constants 
and Molecular Structure,’’ 1931). 


Rotatory powers of dimethylene tartrate in aromatic solvents are closely related to the 
dipole moments of the solvents, the more polar the medium the higher being the dextro- 
rotation of the solution. The rotations in benzene and toluene are somewhat higher than 
might have been expected, probably owing to the tendency of the solute molecules to as- 
sociate with one another in these solvents. This hypothesis is further supported by the 
extremely low solubility of the ester in hydrocarbon media, a property which precluded 
confirmation by molecular-weight determinations. 

In aliphatic solvents the solubility is in general so low that only the more polar com- 
pounds could be employed. Within this restricted group the same tendency is noted for 
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strongly polar media to yield solutions of high dextrorotation. The polysubstituted 
compounds chloroform and dichloromethane occupy positions between nitromethane and 
acetonitrile, although their dipole moments are much less than those of the latter solvents. 
This displacement, taken in conjunction with the almost complete insolubility of the ester 
in non-polar aliphatic solvents, suggests that the degree of solute—solute association is 
greater in these cases than in the aromatic solvents examined. 

The normal value found for the rotation of dimethylene tartrate in benzaldehyde may 
be contrasted with the exceptionally high dextrorotation of ethyl tartrate in this solvent, 
a peculiarity which has been attributed to co-ordination between the ketonic group in the 
aldehyde and the hydroxyl group in the ester (Rule, Barnett, and Cunningham, J., 1933, 
1220). In the absence of free hydroxyl groups, the active solute behaves normally towards 
benzaldehyde, thus supporting the above view. 

Austin and Carpenter (/oc. cit.) examined the optical rotation of dimethylené tartrate 
in acetone and in ethyl acetate, and from the almost identical values concluded that, owing 
to its rigid cyclic structure, the ester was not sensitive to solvent influences. In the light 
of the more extended results now recorded, it is seen that this is not the case. The mole- 
cular rotations, [M]g4.,, vary from a maximum of + 240° in nitromethane to a minimum 
of + 126° in toluene, and cover a somewhat greater range than is found for ethyl tartrate 
in the same series of solvents. 

As in earlier communications of this series, the observed changes are assumed to be 
related to variations in the degree of association of the solute molecules with one another 
and with those of the added solvent. In the present instance solute-solvent association 
is the dominant factor, and the more polar the solvent the more completely does it enter 
into association with the effective dipoles of the optically active molecule, leading to cor- 
responding modifications in their contributions towards the rotatory power. 

In general, polysubstituted solvents have been excluded in comparisons such as the 
above, except in the case of the fully substituted methanes of zero dipole moment (carbon 
disulphide and tetrachloride) which usually exhibit normal behaviour. Displacements in 
the relationship between rotation and dipole moment are apt to be especially marked 
in the case of m- and p-disubstituted benzenes. These divergences have been explained 
(J., 1931, 680) on the assumption that for a compound such as #-dinitrobenzene the in- 
dividual nitro-groups are so far apart as to function in some measure independently towards 
the dipoles in neighbouring molecules, although in a uniform electrical field the influence 
of one group completely neutralises that of the other. In this connexion the rotatory 
power of dimethylene tartrate has been determined by using disubstituted benzenes as 
solvents. These were employed mixed with benzene, in order to keep the components 
in solution (Table II). 

TABLE II. 


Dimethylene tartrate in benzene and a second solvent (c approx. 0-5; 1 = 4; ¢ = 20°). 
Solvent. Sa: [M] 501: A. Solvent. po” [M] see1- A. 
C,H,*NO, 0°0134 +144°1° 15-0° C,H,Cl 0°300 + 144°2° 15°1° 

m-C4H,(NO,), 0°0134 149-9 20°8 o-C,H,Cl, 0°300 153°8 24°7 
p-C,H,(NO,), 0°0134 148-8 19°7 p-C,H,Cl, 0°300 146-2 17°1 

In pure benzene, [M]s4g, = + 129°1° (c = 0°612); f, = molar fraction of polar component in solvent 

mixture; A = elevation in rotatory power compared with solution in pure benzene. 


The above values show that #-disubstituted chloro- and nitro-benzenes, despite their 
zero dipole moment, exert a considerable polar influence, which in this case is less than that 
of the isomeric o- or m-derivatives but more than that of the corresponding monosubstituted 
compounds. Similar effects have previously been observed for /-menthyl hydrogen 
naphthalate, d-octyl hydrogen phthalate, and their methyl esters as the optically active 
solutes (Rule and McLean, J., 1931, 680; 1932, 1414; Rule and Hill, J., 1931, 2656). 

It was impracticable to determine the influence of homogeneous solvents upon the 
rotatory power of methylenetartaric acid (I), for this compound is almost insoluble in the 
majority of organic liquids at ordinary temperatures. The solvents were therefore employed 
in admixture with ethanol. The rotatory power [M];4., in pure ethanol was — 190°. 
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Table III reveals no definite relationship between the rotatory power of the solution and 
the polarity of the primary solvent. The variations are irregular, and, more particularly 


TABLE III. 


Methylenetartaric acid in mixtures of ethanol (1 mol.) with other solvents (2 mols.). 
Solvent. pw X 1018. [M20 Solvent. p xX 1018. [M]2061° 
—184°9° 0 — 180°7° 

184-0 C,H,Cl 1°52 179°6 

180°3 C,H,Br 1°50 179°2 

177°2 ' 3°85 178°5 
174°8 “ 0°4 177°4 

172°1 ¥ 3°89 1749 

167°8 C,H,-OMe 1:25 173-9 

166-2 For aliphatic solvents c = 1, aromatic sol- 

164°4 vents c= 2. In all cases ¢ = 20°, /= 4. 

164°3 Limiting values of as4,, were — 3°74° in CH,I 

150°8 and — 8°95° in C,H, mixtures. 
* In a mixture of acetic acid and ethyl alcohol the molecular rotation rose gradually during 15 
minutes to the final value of — 190°. 


in the aromatic group, limited in magnitude. In both these respects the behaviour of 
methylenetartaric acid resembles that of other optically active solutes possessing a strong 
tendency towards self-association, such as d-f-nitro-octane and a-methyl-n-hexoic acid 
(Rule, Smith, and Harrower, J., 1933, 376). With such compounds the optical influence 
of a given solvent depends on its dual capacity to break down the solute complexes and 
to enter into solute-solvent association with the individual molecules. 

In dealing with irregular solvent effects of this kind, it is often difficult to determine 
in which direction the rotatory power is displaced by an increase in the degree of association 
of the active solute with itself or with the solvent. Molecular-weight determinations were 
not attempted in the present case owing to the low solubility of the compound. As a 
typical carboxylic acid, however, it may be concluded that methylenetartaric acid tends 
to exist mainly in bimolecular form when dissolved in mixtures of alcohol with the non- 
polar solvents pentane, carbon disulphide, and carbon tetrachloride, under which conditions 
it exhibits high levorotations. In agreement with this view, strongly levorotatory 
solutions are also found in mixtures containing acetic acid, which in disrupting some of 
the solute-solute complexes must, as a carboxylic acid, replace them with a very similar 
state of solute-solvent association. Among the aromatic solvents, the low value in anisole 
also supports the conclusion that increasing association of the active compound displaces 
the rotation in a levorotatory direction, since ethers are known to be peculiarly effective 
in breaking down associated carboxylic complexes. 

In general, the behaviour of an optically active hydroxylic compound is not funda- 
mentally changed by methylation, and the values given in Table IV for the dimethyl ester 


TABLE IV. 


Molecular rotations of dimethyl methylenetartrate in solution (1 = 4). 
Solvent. px 10% = [M)2.- Solvent. wx 10%. [M)2e.. 
—245° c * : Srenen —235° 
241 . 227 
238 . , 221 
228 ssNH, ' 220 
223 , a 218 
208 : 214 
204 ' 213 
204 : 212 
200 Sseesecasesocacssqnee ; 209 
199 “ pustemecsscesecoss ‘ 207 
199 


For aliphatic solvents, c = 1 (approx.) except in hexane, for which c = 0°493. Limiting values of 
@54¢, are — 5°20° (methyl alcohol) and 0°49° (hexane). For aromatic solvents, ¢ = 2 (approx.), and 
@54¢, Vaties from — 8°74° (toluene) to — 9°95° (benzonitrile). 
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of methylenetartaric acid support this statement. On esterification of the two carboxyl 
groups, however, the strong tendency of the free acid to undergo association is considerably 
reduced. Hence the rotatory powers of the ester in solution indicate a more definite 
agreement between » and [M], in that an increase in the polarity of the solvent corresponds 
to a higher levorotation. Certain minor irregularities also occur, such as the relatively 
high rotations found for the ester in non-polar media, especially benzene, hexane, and 
carbon disulphide. These abnormalities, when considered in the light of the very low 
solubility of the compound in such solvents, suggest that methylenetartaric ester still 
retains an appreciable tendency to associate with itself, thus displacing the rotation in 
a levorotatory sense. 

Concentration Effect—The above conclusions as to the optical changes produced by 
association are confirmed by the variations observed in the rotatory powers of the ester 
when examined at increasing concentrations in benzene as solvent (¢ = 20°, / = 4): 

2-002 5°261 10-04 19°78 
—212°8° 213-9° 215°3° 216°5° 
(Limiting values of as4,, : — 8°96° and — 90°12°.) 


It was not possible to obtain higher concentrations than c = 20, but up to this value an 
increase in concentration corresponds to a rise in the levorotation, a change in the direction 
to be anticipated on the assumption of a greater degree of association of the active molecules 
at the higher concentrations. 
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Temperature-rotation diagram for dimethyl methylenetartrate 
in solution. 


Temperature Effect—The rotatory powers of the ester in solution were determined over 
the range 10—100°, the three typical aromatic solvents nitrobenzene, bromobenzene, and 
mesitylene being employed. Of these, the first is very strongly polar, the second of medium 
polarity, and the third non-polar. The results are illustrated graphically in the fig. The 
high rotation of a solution in nitrobenzene has been related to the high degree of dipole 
association existing between the dissolved ester and the strongly polar solvent molecules. 
On theoretical grounds it has been deduced (Rule, Barnett, and Cunningham, J., 1933, 
1217) that this characteristic influence of the polar solvent should diminish with rise in 
temperature, as the increased molecular movement leads to a fall in the degree of solvation, 
and that at higher temperatures the temperature-rotation curve for a solution in a polar 
medium should therefore tend to approach the corresponding curve for one of non-polar 
type. These predictions are fulfilled in the present case for solutions in nitrobenzene and 
mesitylene, the curve for bromobenzene occupying an intermediate position in agreement 
with its weakly polar properties. 

Influence of Added Salts.—Although extensive investigations have been carried out on 
the optical effects arising from the @ddition of inorganic salts to solutions of active acids 
and their salts, little information is available regarding the changes undergone by non- 
ionisable active compounds, probably because few of the latter are soluble in water. Patter- 
son and Anderson (J., 1912, 101, 1833) record some observations with ethyl d-tartrate 
which indicate that, although the optical changes are smaller than those found for free 
malic and tartaric acids, the characteristic cationic effects are similar in each case. For 
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an M/2-aqueous solution of ethyl tartrate, these authors find the relative depressions in 
rotatory power due to the addition of various chlorides (2M) to be given by NH, < Na < 
K < Ba. 

As dimethylene tartrate was hydrolysed comparatively rapidly in aqueous solution 
(period of half-change about 50 hours at 20°), it was examined in aqueous alcohol, prepared 
by diluting 50 c.c. of absolute alcohol to 100 c.c. with distilled water. In this mixture no 
appreciable hydrolysis occurred during the determination of the rotatory power. The 
observed depressions in the molecular rotation of dimethylene tartrate ([M]}{,, = ++ 240-8°, 
c = 0-6), caused by the addition of various chlorides in 0-5M-concentration, are given in 
line I below. The corresponding lowerings of the negative rotatory power of dimethyl 
methylenetartrate in pure aqueous solution ([M]jj, = — 235-4°, c= 1) produced by 
the addition of chlorides in 2-5M-concentration are given in line II. In each case the 


Cation. Li. NH,. Na. K. Rb. Cs. Mg. Ca. Sr. Ba. 
1°5 2°0 4:0 4°5 6°3 6°1 — _ 6°6 . 
3°3 36 §=§=101 13°4 13°6 — 9°5 117 19°1 29°0f 

* Larger than Sr. ¢ Extrapolated value. 


relative effects for univalent cations are Li < NH, < Na < K < Rb, Cs, and for bivalent 
cations Mg < Ca < Sr < Ba, both series being identical with those found for malic acid 
by Stubbs (J., 1911, 99, 2265) and for sodium d-octyl phthalate by Rule and Hill (J., 1931, 
2644). 

The remarkable regularity of these results proves that the effects are in no way dependent 
upon the presence of an ionised grouping or of hydroxy] in the optically active solute, since 
neither of these factors occurs in the esters under examination. Hence it may be assumed 
that the changes arise from the attraction of the cations to the negative ends of the dipoles 
in the active substance, leading to electronic deformation and consequent alteration in 
rotatory power, much in the same way as these dipoles may be deformed by association 
with a polar solvent. 

EXPERIMENTAL. 


Dimethylene tartrate was prepared by Austin and Carpenter’s method (loc. cit.); m. p. 
118-5—119°, [«]}3%5, in acetone (c = 4) + 130-6°. The above authors record m. p. 119° and 
(]205. + 128-5° (c = 5). 

Methylenetartaric acid was obtained by a modification of Austin and Carpenter’s process. 
Powdered tartaric acid (150 g.) and water (3 c.c.) were mixed and heated to 165°, and para- 
formaldehyde (45 g.) was added in small portions with stirring. When the mixture had become 
quite liquid, the temperature was allowed to fall slowly to 60°, and 100 g. of oleum were added, 
the mixture being kept below 72°. The use of oleum in place of pure sulphuric acid was found 
to give an improved yield. The mixture was diluted with 400 c.c. of water and heated to boiling, 
then 215 g. of barium carbonate, sufficient to precipitate the oleum, were stirred in, and the 
barium sulphate filtered off. The clear filtrate was again boiled, and the organic acids neutralised 
by the addition of a thin paste of 203 g. of barium carbonate. At this point precipitated barium 
tartrate was filtered off. Since the solubility of barium methylenetartrate is low, it is essential 
that the following conditions be observed; the barium tartrate must be precipitated from a 
large volume of water, the solution should be filtered hot, and the precipitate of tartrate washed 
well with hot water, the total volume of solution for the above quantities being at least 3 litres. 
The solution was next concentrated by boiling until crystals of barium methylenetartrate began 
to separate; it was then allowed to cool, and the crystals filtered off. The hot filtrate was again 
treated with more barium carbonate to neutralise tartaric acid formed by the gradual hydrolysis 
of the small amount of dimethylene tartrate originally present. The mixture was again filtered 
and further concentrated until another crop of barium methylenetartrate was obtained. These 
processes were repeated, the liquid being kept neutral as far as possible, until all the methylene- 
tartrate had been recovered from solution. The crude barium methylenetartrate (80 g.) was 
purified by three recrystallisations from water. 

Austin and Carpenter record that the salt crystallised in long needles which were extremely 
hygroscopic, necessitating analyses for barium content in order to determine the amount of 
sulphuric acid required in the next stage. In the present work it was found that in some cases 
the long silky needles (2H,O), on standing in the solution, slowly changed into short biaxial 





Rule and Dunbar: Studies in Solvent Action. Pari XI. 1048 


crystals of orthorhombic type (4H,O). Moreover, if the hot solution was vigorously stirred 
at intervals during crystallisation, a crop of very fine orthorhombic prisms was obtained. In 
this form the salt dried quickly and showed no trace of hygroscopy. The free acid was obtained 
by exact precipitation of the barium with standard sulphuric acid, the amount required being 
calculated directly from the weight of the tetrahydrate employed. Concentration of the filtered 
mixture gave methylenetartaric acid, m. p. 164-7° (after being.dried in a vacuum for 5 days) : 
[x]$4e1 = — 96-8° (c = 6-3, in water). Austin and Carpenter record — 96-0° (c = 4). 

Dimethyl Methylenetartrate.—The pure barium salt, obtained as above, was treated in boiling 
aqueous suspension with the calculated amount of sodium sulphate. The filtrate containing 
the disodium salt was concentrated, cooled, and silver nitrate solution added in slight excess. 
The precipitate of silver salt was dried, and shaken vigorously with excess of methyl iodide, added 
in portions to prevent undue rise of temperature. Dimethyl methylenetartrate so obtained 
crystallised from light petroleum in long needles, m. p. 31-5° (Found : C, 44-4; H, 5-6. C,H 90, 
requires C, 44-2; H, 5- 3%). 

The solvents used in the determinations of rotatory power were purified by the methods 
described in earlier papers of this series. 


SUMMARY. 


(a) The characteristic rotatory powers of dimethylene tartrate and of dimethyl 
methylenetartrate in solution rise in magnitude as the dipole moment of the solvent 
increases. 

(o) The rotatory power of the strongly associated methylenetartaric acid, on the other 
hand, varies irregularly with the solvent, and the observed changes may be interpreted 
on the assumption that solute-solvent and solute-solute association both raise the rotation. 

(c) In agreement with the demands of the association hypothesis, the optical rotation 
of dimethyl methylenetartrate dissolved in a non-polar solvent increases with the concen- 
tration of the ester; and the rotatory powers of solutions in a highly polar and in a non- 
polar solvent approach one another as the temperature rises. 

(d) The cationic effects produced by the addition of metallic chlorides to aqueous 
solutions of the above esters are identical with those found for optically active acids and 
their salts. Such effects must therefore be transmissible through the dipoles as well as 
through ionised groupings contained in the active solute. 


One of the authors (H. G. R.) is indebted to the Carnegie Trust for a Teaching Fellowship. 
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240. Studies in Solvent Action. Part XI. Influence of Solvent, Con- 
centration, and Temperature upon the Rotatory Powers of 1-Menthyl 
o-Substituted Benzoic Esters. 


By H. Gordon RULE and ALEXANDER DUNBAR. 


THE solvent effects described in the foregoing paper have also been investigated for 
various /-menthyl esters of o-substituted benzoic acids, in which the substituent groups 
are NO,, CO,H, OH, (H), Cl, and OMe. These compounds form a series in which the 
rotatory powers fall steadily in that order, the unsubstituted benzoate (H) occupying an 
intermediate position. 

Polar Influence of Solvent.—In both aromatic and aliphatic solvents the rotatory 
powers of the more highly active o-nitro-ester * and hydrogen phthalate fall as the polarity 
of the medium increases. The o-chlorobenzoic ester also exhibits a polar influence in the 
same sense, except for several marked exceptions which are discussed below. For 
the remaining three estets, the relationship between [M] and p is not clearly defined. The 
optical displacements in the case of /-menthyl salicylate, however, appear to be in the 

* The influence of a limited number of aromatic solvents on the rotatory power of the o-nitrobenzoic 
ester has already been discussed by McLean (J., 1934, 352). 
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opposite direction to the above, since the highest rotations are found in benzonitrile and 
the lowest in the non-polar solvents benzene and toluene. As will be seen later, this 


Rotatory Powers [M]54¢, for 1-Menthyl o-Substituted Benzoates in Solution 
(c = 4,1 = 2, t = 20°). 


o-Substituent. 


a 





- i 
no, = xX 10'*. NO. CO,H. OH. Unsubs. Cl. OMe. 
I. Avomatic solvents. 

— 660° — 431° — 335° — 302° — 253° — 198° 
671 407 327 284 248 199 
703 402 323 280 247 212 
606 348 328 282 240 200 
600 357 352 309 254 229 
577 346 346 293 242 216 
570 344 343 289 242 212 
680 275 334 309 262 258 
498 314 335 282 232 201 
501 306 343 294 240 218 
468 296 353 302 234 217 
436 291 339 279 231 205 

II. Aliphatic solvents. 
585 419 ¢ 299 261 239 164 
593 393 294 246 235 151 
607 386 292 243 223 168 
625 372 337 293 232 203 
586 345 315 264 227 171 
550 334 320 293 237 208 
553 353 310 270 228 171 
557 334 300 281 234 199 
584 380 287 250 226 159 
531 323 309 276 230 171 
495 300 308 273 217 167 
475 301 f 311 264 215 154 


* cycloHexane. t c= 05. I c= 2. 


view is supported by the variations found for the rotatory power of the salicylate with 
increasing concentration in benzene solution. No conclusions can be drawn from the 
irregular values recorded for the methoxy-ester and the unsubstituted benzoate. 

The considerable differences observed with solvents of zero polarity may be referred 
in part to differences in the state of association of the esters in such solutions; e.g., 
l-menthyl hydrogen phthalate (M, 304) is found by the Menzies—Wright ebullioscopic 
method to be more strongly associated in carbon disulphide solution (M, 555 for c = 1-16) 
than in benzene (M, 392 for c = 1-2), in agreement with its lower rotatory power in the 
former medium. 

Influence of Refractive Index of Solvent.—The values in the foregoing tables, however, 
provide evidence of another factor affecting the rotatory power of the solutions. It has 
been deduced theoretically by Boys (Proc. Roy. Soc., 1934, A, 144, 690) that the rotatory 
power of an optically active solute of simple non-polar structure should vary directly 
with the refractive index of the medium, « oc (m? + 2)(m*-+ 5). This relationship has 
also been demonstrated qualitatively for d-pinane by Rule and Chambers (Nature, 1934, 
133, 910). Attempts have previously been made by Gans, Born, and others to establish 
this dependence upon refractivity for optically active solutes in general, but, as has been 
shown in this series of investigations, the predominant factor for solutes of polar character 
is the state of association in which the compound exists in the solution. Even with polar 
solutes, however, the influence of the refractive index of the medium may become evident 
in exceptional cases. Among solvents listed in the foregoing tables, the aliphatic compounds 
have refractive indices n?” varying from 1-328 to 1-530, carbon disulphide possessing the 
very high value 1-628; for aromatic solvents the values range from 1-495 to 1-618. On 
the whole, the benzenoid solvents have considerably higher refractive indices than the 
aliphatic ones, and in agreement with the above relationship the solutions in aromatic 
media exhibit, in general, the higher rotatory powers. 
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Further confirmation of this influence in the present instance may be sought in the 
variations observed with solvents possessing strongly divergent values of refractive index. 
Outstanding examples in the aromatic group are iodobenzene (1-618) and aniline (1-586) ; 
in the aliphatic group carbon disulphide (1-628) is exceptional. Reference to the foregoing 
tables shows that with few exceptions the rotatory powers of solutions in these three 
solvents are abnormally high in comparison with the dipole moments of the solvents. 
The rotation of /-menthyl hydrogen phthalate in aniline, however, is low owing to the 
incidence of salt formation between solute and solvent (cf. Rule, Trans. Faraday Soc., 


1930, 26, 328). 


Since the rotatory powers of d-octyl o-methoxybenzoate in solution have been shown 
to be closely related to the polarity of the solvent (Rule, Smith, and Harrower, J., 1933, 


Fie. 1. 
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1 
40 60 100 
Concentration (c). 
Rotatory powers of |-menthyl o-substituted benzoates 
(X°C,H,°CO,C,,H,,). Benzene was used as solvent 
except for the salicylic estey (OH), for which n-hexane 
was employed. The diagram for the salicylate is repro- 
duced on a larger scale in the inset. 


378), it is of interest to inquire whether the absence of such a relationship in the corre- 
sponding menthyl ester can be traced to differences in the molecular structures of the 
esters. The observed optical influences are assumed to be dependent upon dipole associ- 
ation between polar groups contained in the solute and solvent molecules, and in this 
connexion it is evident that the presence of the two bulky cyclic systems of the menthyl 
ester offers a considerably greater degree of steric hindrance to a coupling of the dipoles 
than does the more open structure of the octyl derivative. This hypothesis is further 
supported by the normal polar influence of solvents previously established for /-menthyl 
acetate (Rule and Ritchie, J., 1932, 2335), which resembles octyl methoxybenzoate in 
possessing one ring structure united to an open-chain residue. 

Concentration Changes.—In earlier papers of this series, it has been shown that a rise 
in the degree of solute-solvent association, brought about by dissolving the optically 
active compound in a solvent of higher polarity, displaces the rotation in the same direc- 
tion as a rise in the degree of solute-solute association resulting from an increase in the 
concentration of the compound dissolved in a non-polar medium. Similarly, the changes 
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in rotatory power undergone by the above esters with increasing concentration in benzene 
solution confirm the conclusions already drawn from the data in the above tables; for 
instance, the rotations of the nitro-, carboxy-, and chloro-derivatives fall as the concen- 
tration rises (Fig. 1). In accordance with theory, the fall is greatest for the nitro-ester, 
which contains the most strongly polar o-substituent and will therefore most readily 
undergo association. 

l-Menthy] salicylate appears from the above data to be subject to a solvent effect of 
the opposite type, the lowest rotatory powers being found in non-polar solvents. This 
conclusion is supported by the upward trend of the curve for the hydroxy-ester in Fig. 1, 
indicating a rise in rotation with increasing concentration, and consequent increasing 
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alcohol and n-hexane. The rotatory powers plotted above 
ave those deduced for the alcoholic component of the 
solution alone. The same inflexion in the curve is also ‘ 
evident from an inspection of the rotations observed for the a —" - 
mixtures, although it is then smaller in magnitude (see 0 2 40" ~=660" 80" = 100 
p. 1048). Temperature. 











Temperature—rotation curves for 1-menthyl 
estersin solution. o-Nitrobenzoatein decalin 
(N,), benzonitrile (N,), and nitrobenzene (N3) ; 
hydrogen phthalate in decalin (P,) and nitro- 
benzene (P,); salicylate in decalin (S,) and 
nitrobenzene (S,); benzoate in decalin (B); 
o-chlorobenzoate in decalin (C,) and nitro- 
benzene (C,); 0o-methoxybenzoate in decalin 
(M,) and nitrobenzene (M,). 


degree of association. In view of the unusual character of salicylic compounds, with their 
ability to undergo internal association to form a chelate ring, the molecular weight of 
the ester (M, 276) was examined by the cryoscopic method (Menzies—Wright apparatus) 
with cyclohexane as solvent. The calculated values are given below, and represent a 
steady increase in the degree of association between adjacent molecules with rise in 


concentration. 


Wt. of ester, g. é. Al. M. Wt. of ester, g. é. At. M. 
0°1629 1:08 1-071° 264 0°4848 3°23 3°056° 275 
0°2249 1°49 1-455 269 0°5764 3°84 3°559 282 


A further peculiarity of the diagram for the salicylate in -hexane (Fig. 1) is that the 
central portion (c = ca. 35—65) is represented by a maximum superimposed upon the 
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main curve. This feature is illustrated more clearly by the inset graph drawn on a 
larger scale. Maxima of this kind have previously been observed for tartaric esters by 
Patterson and co-workers (J., 1902, 81, 1099; cf. also Rule, Barnett, and Cunningham, 
J., 1933, 1217) and for d-octyl alcohol (Rule, Smith, and Harrower, Joc. cit.). Such effects 
would appear to be a characteristic of hydroxylic compounds and may be related to the 
maxima commonly found in the curves showing the change of polarisation of an alcohol 
on continued dilution with a non-polar solvent (Debye, ‘‘ Dipol Moment ”’). 

An irregularity of the same kind has been found to occur in the rotatory power of 
l-menthyl o-nitrobenzoate when dissolved at a fixed concentration in various mixtures of 
n-butyl alcohol and u-hexane. In this case the effect is probably due to the irregular 
change in the polarisation of the alcohol-hexane mixture, and the rotation falls to a 
minimum when the mol.-fraction, fs, of butyl alcohol is 0-38, in close agreement with the 
known point of maximum polarisation, which exists at f, = 0-37 (see Fig. 2). On the 
other hand, in solvent mixtures of benzene with carbon tetrachloride or disulphide, the 
rotatory power of the dissolved nitrobenzene ester varied smoothly as the composition of 
the mixture changed, thus conforming to the established absence of maxima or minima in 
the polarisation curves for such mixtures. 

Temperature Changes.—As may be seen from Fig. 3, when the six esters under dis- 
cussion are examined in decalin solution (heavy curves) the main result of a rise in 
temperature appears to be a damping out of the influence due to the ortho-substituent ; 
for instance, to mention only the two extreme cases, the high rotation of the nitro-ester 
(N,) falls and the low rotation of the methoxy-ester (M,) increases on passing from 20° 
to 100°. Menthyl benzoate in decalin (B) occupies an intermediate position and undergoes 
little change in rotatory power over the temperature range under consideration. One 
reason for a change of this type may be visualised in an increase in the average distance 
between the ortho-substituent and the carbomenthoxy-grouping as a result of the greater 
molecular vibration at high temperatures (cf. Ebert, Leipziger Vortrage, 1930, 50), which 
would tend to displace the rotatory power in each case towards that of the unsubstituted 
menthyl benzoate. 

The influence of a rise in temperature in affecting the rotatory power by leading to a 
diminution in the degree of association between solvent and solute may also be traced in 
Fig. 3; ¢.g., a comparison of the curves N,, Ng, and N, for the nitrobenzoate dissolved in 
decalin, benzonitrile, and nitrobenzene, respectively, shows that at lower temperatures 
the rotatory power is strongly depressed by the highly polar solvents benzonitrile and 
nitrobenzene. As the temperature rises, however, the degree of solvation of the optically 
active molecules diminishes, and the depressions due to the polar solvents become less 
pronounced. Hence, at higher temperatures the curves for these two solvents converge 
towards that of the non-polar medium decalin (cf. Rule, Smith, and Harrower, Joc. cit.). 
A similar effect may be noted with the curves P, and P,, representing the hydrogen 
phthalate in decalin and in nitrobenzene respectively. For the remaining esters no 
definite polar influence of the solvent was observable in the data given in the tables, and 
consequently no temperature effect of the above type is visible in Fig. 3. 

In addition to the temperature changes related to modifications in the state of 
association and the spatial arrangement of the optically active molecules, however, we 
must assume further effects arising from variations in the refractive index of the solvent 
employed: the alicyclic compound decalin has a lower refractive index (n>* 1-476) than 
the aromatic compounds nitrobenzene and benzonitrile, which probably results in all the 
curves for decalin in Fig. 3 being displaced to positions of lower rotation than would be 
the case had this factor been absent. 


EXPERIMENTAL. 


l-Menthyl o-methoxybenzoate was most readily prepared from o-iodobenzoic acid, which 
was converted into methoxybenzoic acid (91% yield) by treatment with an alcoholic solution 
of sodium methoxide in the presence of copper-bronze (Rule and Barnett, J., 1932, 2729), and 
thence by way of the acid chloride into the ester. In the penultimate stage, phosphorus 
pentachloride was used in place of thionyl chloride, as the latter led to chlorination of the 
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benzene nucleus. /-Menthy]l salicylate («?{,, = — 125-7°, 1 = 1) was obtained as described by 
Rule and McGillivray (J., 1929, 405), and the remaining esters by standard methods. 


Effect of concentration on rotatory power.* 
(All rotations negative; ¢ = 20°, ] = 1.) 


/-Menthyl phthalate in benzene : 
3°038 6°044 =—13°98 14°18 20°09 
399° 397° 396° 392° 


10°00 15°11 25°01 38°58 
282° 281°7° 281°9° 282°2° 


l-Menthyl chlorobenzoate in benzene : 


c ; 10°16 23°14 42°20 62°93 
[M] see1 246°9° 246°7° 244°1° 242° 
/-Menthyl o-methoxybenzoate in benzene : ‘ 
9°99 16°02 25°98 
209° 206° 205° 


401 9°02 16°84 27°31 34:27 36°09 42°11 
297° 300° 306° 310° 313°3° 316°7° 319°1° 
52°26 60°13 69°29 75°23 82°88 
320°3° 321°3° 321°7° 323°6° 325°9° 327°7° 
* The data observed for the o-nitrobenzoate with change of concentration in benzene and nitro- 
benzene solutions agreed with those recorded by McLean (loc. cit.) and are not repeated here. 


1-Menthyl o-nitrobenzoate (c = 5, t = 20°) in mixtures of solvents. 


Benzene (1) and carbon disulphide (2) : * 
1-000 0-910 0-602 0°318 0°233 0°152 0°117 
625° 631° 655° 674° 683° 690° 694° 
625° 622° 618° 616° 613° 600° 600° 
Benzene (1) and carbon tetrachloride (2) : 
0°863 0-631 0°385 0-282 0°150 
617° 639° 663° 672° 686° 
5461 607° 604° 599° 587° 582° 573° 
n-Hexane (1) and m-butyl alcohol (2) : 
1-000 0-936 0°843 0°787 0°717 0-699 
584° 584° 583° 583° 584° 
584° 584° 586° 587° 585° 
he 0°381 0°328 0°266 0°262 0°203 
[M,, slsee: 581° 584° 586° 585° 584° 
[Mo] see1 579° 591° 604° 601° 599° 
* The mol.-fraction of component 2 in the solvent mixture is given as /,. 
+ [M,,,] denotes the observed molecular rotation in the mixed solvents: [M,] is the rotation 
deduced as a first approximation from [M,, ,] for the solution in the component of higher dielectric 
constant alone and calculated by deducting the rotation contributed by the benzene or hexane com- 


ponent (Rule and McLean, J., 1931, 682). 


Effect of temperature on rotatory power (1 = 1). 
Solvent. a. Temp. Gsaex- +9 [MJ E,, Solvent. a‘. Temp. Gye. ([M)E..- 
/-Menthyl o-nitrobenzoate. 
C,H,-NO, 1°207 “5 5°82° 441° Decalin 0°898 
1°200 , 5°75 439 0°896 
1:177 , 5°55 432 0°891 
1°175 P 5°54 431 0°885 
1°151 * . 5°38 428 0°871 


1128 , 5°28 429 0°856 
0°836 


1-492 : ' 591 _ 1017 
1-483 , ’ 579 1-005 
1447 p , 550 0-994 
1423 . ° 540 0°983 
1381 ’ ; 519 0-960 

0°944 


° 
° 


581° 
576 
570 
556 
546 
533 
519 


476 
471 
459 
454 
446 
441 
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Solvent. a‘.. Temp. 5461: [MY s61° Solvent. a‘. Temp. Gsig:- [M]E- 
l-Menthyl hydrogen phthalate. 

C,H;-NO, 1°209 10°5° 3°91° 295° Decalin 0°899 10°8° 532° 402° 
1-200 20°0 3°89 296 0°895 17°0 5°33 404 
1-186 34°5 3°82 294 0°882 35°5 5°22 402 
1171 50-0 3°72 290 0°873 47°5 5°10 397 
1°142 81-0 3°62 289 0°853 760 4°97 396 
1125 98°5 3°58 290 0°839 94°5 4°82 390 


l-Menthy!] salicylate. 


341 Decalin 0°896 13°4 : 337 
339 0°890 22°3 3 337 
336 0°879 3 fl 338 
333 0°871 . w 339 
332 0°851 . y 343 
327 0°834 . : 


l-Menthyl benzoate. 


1201 , “ 283 Decalin 0°893 
1-194 6 i 281 0°888 
1:181 . . 280 0°879 
1:170 ; j 277 0°869 
1122 ‘ P 274 0°834 


/-Menthyl o-chlorobenzoate. 


1206 ’ 3°19 233 Decalin 0°900 
1-198 ‘ 3°15 232 0°893 
1:186 : 3°06 227 0°882 
1174 , 3°02 227 0°870 
1-149 ; 2°99 229 0°854 
1126 P 2°91 228 0°835 


l-Menthyl o-methoxybenzoate. 


1°204 ; 2°81 202 Decalin 0°896 
1:196 : 2°74 199 * 0°891 
1182 , 2°65 194 - 0°879 
1173 , 2°59 191 m 0-869 
1149 . 2°51 189 ‘i 0°851 
1123 , 2°48 192 *% 0°853 


1°203 
1195 
1184 
1170 
1145 
1123 
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SUMMARY. 


The influence has been examined of solvent, concentration, and temperature upon the 
rotatory powers of /-menthyl benzoate and the o-nitro-, o-carboxy-, o-hydroxy-, o-chloro-, 
and o-methoxy-benzoates in solution. 

With the more polar nitro-ester and hydrogen phthalate, the rotations fall as the 
polarity of the solvent increases, or as the concentration of these esters in a non-polar 
solvent rises. In each case the temperature-rotation curves for the ester in polar and in 
non-polar solvents converge as the temperature rises. These changes are explained on 
the theory of dipoles by assuming varying degrees of solute-solute or solute-solvent 
association, in accordance with the experimental conditions. 

For the four remaining esters the observed changes are less definite or entirely irregular. 
In general, solvents of exceptionally high refractive index tend to yield solutions of 
abnormally high rotatory power with each of the six esters examined, thus showing the 
existence of a minor effect due to the refractive properties of the solvent. 

In n-hexane solution the rotatory powers of /-menthyl salicylate exhibit an exaltation 
between the concentrations c = 35 and c = 65. 


The authors thank the Moray Fund for a grant, and the Carnegie Trust for the award of a 
Teaching Fellowship (to H. G. R.). 


UNIVERSITY OF EDINBURGH. [Received, June 5th, 1935.) 
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241. Digitalis Glucosides. Part IV. The Existence of Two 
Anhydrodigitoxigenins. 
By SYDNEY SMITH. 


DIGITOXIGENIN, when treated with dilute acids, readily loses the elements of water and 
forms a crystalline anhydrogenin which is of interest in the investigation of the constitution 
of the digitalis glucosides. The anhydrogenin has been prepared by several workers, and 
in a previous paper (Part II, J., 1930, 2480) the variations in m. p. and specific rotation were 
noted: Cloetta (Arch. Exp. Path. Pharm., 1920, 88, 113), m. p. 183—185°; Windaus and 
Freese (Ber., 1925, 58, 2507), m. p. 183—184°; Windaus and Stein (Ber., 1928, 61, 2438), 
m. p. 193°, [a]i®” — 4-68° (c in MeOH 1-71) ; Smith (oc. cit.), m. p. 183—184°, [a]... — 0-7° 
(cin MeOH 1-89). Further investigation has shown that the product is, in fact, a mixture 
which can be separated by fractional crystallisation from suitable solvents into two isomeric 
anhydrodigitoxigenins, one of which («) melts at 234° and the other (8) at 202°. No indication 
of a third isomeride was observed, and this is in accordance with the formula (I) for digi- 
toxigenin recently proposed by Tschesche (Angew. Chem., 1934, 47, 731), which permits the 
elimination of the tertiary hydroxyl group as water in only two ways, giving rise to the 
A14:15 or the A!4:8 unsaturated genin. Both isomerides give the Legal reaction and therefore 
retain the double bond in the lactone group, A*®:*1, without displacement; and both 


“Oly 
(I.) . S) 


retain the secondary alcoholic group, since each forms an acetate and on oxidation gives 


rise to the expected ketone. 
EXPERIMENTAL. 


Digitoxigenin (12-5 g.) was dissolved in hot alcohol (250 c.c.) and, after the addition of 10% 
sulphuric acid (250 c.c.), the solution was boiled under reflux for 2 hours. Water (250 c.c.) 
was added, and most of the alcohol removed by distillation under diminished pressure. During 
this process a crystalline solid separated, and this together with the aqueous liquid was extracted 
with chloroform. The extract was washed with dilute sodium carbonate solution and then with 
water. After being dried (magnesium sulphate), the chloroform solution was evaporated to 
dryness, and the residue crystallised from acetone. The first crop (9-1 g., well-formed prisms) 
had m. p. 180—183°. The second crop (1-19 g.) melted at 180—190°, and the third crop, which 
was sticky, after being spread on porous plate weighed 1-1 g. The fractionation was continued 
by repeated crystallisation either from ethyl acetate, which is convenient for the more soluble 
fractions, or from acetone. The process of fractionation was controlled by measurement of the 
specific rotations of the fractions, and was continued until there was no further change in m. p. 
or specific rotation. 

«-A nhydrodigitoxigenin crystallises from acetone or ethyl acetate in stout prismatic needles, 
m. p. 234°, [ai gr. + 43-7°; [«]}” + 39-0° (in methyl alcohol, c = 0-43). Itis fairly readily soluble 
in chloroform, sparingly soluble in benzene. In general, it is less readily soluble in organic 
solvents than the 8-compound. The Legal reaction gives a red colour (Found: C, 77-6; H, 9-0. 
C.3H 3,0, requires C, 77-5; H, 9-1%). The acetate, from acetic anhydride in pyridine at room 
temperature, crystallised from dilute methyl alcohol in stout, rectangular plates, m. p. 144° 
(Found : C, 75-3;.H, 8-6. C,;H,,O, requires C, 75-3; H, 8-6%). 

a-A nhydrodigitoxigenone.—a-Anhydrodigitoxigenin (0-3 g.) was dissolved in warm 90% 
acetic acid (10 c.c.) and cooled to 25°. The solution was treated with Kiliani’s chromic acid 
solution (1-5 c.c.), and after 10 mins. it was diluted with water. Crystallised from methyl alcohol, 
the ketone crystallised in needles, m. p. 203° (Found : C, 77-9; H, 8-6. C,,;H,,O, requires C, 
77-9; H, 85%). The oxidation liquor, after filtration, was extracted with chloroform and gave 
a substance which crystallised from methyl alcohol, in which it is sparingly soluble, in needles, 
m. p. 273°. 
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B-A nhydrodigitoxigenin crystallises from acetone, in which it is freely soluble, or more con- 
veniently from ethyl acetate, in stout prismatic needles, m. p. 202°, [a], gr. — 17-3°; [a]}” — 13-3° 
(in methyl alcohol, c = 2-05). The Legal reaction gives a red colour (Found: C, 77-8; H, 9-0%). 
The acetate, prepared as for the «-compound, crystallises from dilute methyl alcohol in long, 
quadrilateral plates, m. p. 185° (Found: C, 75-3; H, 8-6%). 

B-A nhydrodigitoxigenone.—B-Anhydrodigitoxigenin (1 g.) in 50 c.c. of warm 80% acetic acid 
was cooled to 25°, treated with chromic acid solution (5 c.c.), and worked up as above. The 
ketone is readily soluble in chloroform, rather sparingly soluble in acetone, benzene, alcohol, 
and ethyl acetate. It melts at 281° and has [a]#, ,,, — 13-9°, [«]>” = — 10-0° (in chloroform, ¢ = 
1-22) (Found: C, 77-9; H, 8-8%). 


My thanks are due to Mr. A. Bennett and Mr. H. C. Clarke for the microanalytical data. 


WELLCOME CHEMICAL WoRKS, DARTFORD. [Received, May 23rd, 1935.] 





242. The Configuration of Heterocyclic Compounds. Part II. Some 
Phenoxarsonium Salts. 


By Mary S. LEssirE and E. E. TuRNER. 


IT was shown (J., 1934, 1170) that the addition of either methyl or ethyl iodide to optically 
active 10-methylphenoxarsine-2-carboxylic acid (I) was accompanied by racemisation. 
Although this result suggests that the racemisation was due to the conversion of ter- 
into ‘‘ quinque-” valent arsenic, with consequent change in the effective valency angle 
of the arsenic atom, it might have been caused by the carrying out of a reaction at the 
seat of dissymmetry, on the conceivable view that the acid (I) contained an ‘‘ asymmetric 


Kaw Cane. Cane" 


(I.) ‘Tr a. ) T (III.) 


tervalent arsenic atom.’’ It was therefore necessary to attempt the resolution of two 
types of phenoxarsonium salts, containing the structures -AsR,}X and -AsRR’}X. We 
have prepared 2: 10-dimethyl- and 10-phenyl-2-methyl-phenoxarsine and their methiodides 
(II and III). The d-camphor-10-sulphonate and d-a-bromocamphor-nx-sulphonate corres- 
ponding to (II) and the d-camphor-10-sulphonate corresponding to (III) were submitted to 
exhaustive fractional crystallisation, but were found to be entirely homogeneous. Although 
no final conclusions can follow from this negative result, we regard the present data as 
further support for the theory advanced in Part I, as to the cause of the dissymmetry of 
the acid (I). 

At first sight it appeared as if the experiments of Aeschlimann (J., 1925, 127, 811) 
provided the information we required, but examination of his memoir shows that the 
compounds he attempted to resolve contained a plane of symmetry on any view 
of the configuration of phenoxarsonium salts. Our failure to obtain any indication 
of resolution in the case of the phenyldimethy] derivative (III) is interesting, since Kamai 
(Ber., 1933, 66, 1779; J. Gen. Chem. Russ., 1934, 4, 184) appears to have confirmed the 
resolution partially effected by Burrows and Turner (J., 1921, 119, 426) of simple arsonium 
compounds of the type Asabcd}X. 

EXPERIMENTAL. 


10-Chlovo-2-methylphenoxarsine.—2-Methylphenoxarsinic acid (47 g.), prepared as described 
in Part I, was suspended in a mixture of concentrated hydrochloric acid and chloroform, 
and reduced at about 50° with sulphur dioxide, in presence of a little iodine. The chloroform 
layer was evaporated, and the residue dried in a vacuum. The 50 g. of crude chloroarsine 
obtained were crystallised from alcohol, containing some concentrated hydrochloric acid, or 
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from light petroleum (b. p. 60—80°), pale yellow needles being obtained, m. p. 100—101° 
(Found: Cl, 12-1. C,,;H,,OAsCl requires Cl, 12-1%). 

2: 10-Dimethylphenoxarsine.—To the decanted Grignard reagent prepared from 50 g. of 
methyl iodide (4 mols.) and 15 g. of magnesium, 29 g. (1 mol.) of the chloroarsine were added in 
benzene solution during 10 mins. The mixture was heated for 1 hr., and then left over-night. 
It was decomposed with water and hydrochloric acid, separated, and the ethereal extract dried 
over potassium carbonate, evaporated, and the residue distilled under reduced pressure. A 
colourless oil (22 g.; 85% yield), b. p. 195°/17 mm., was obtained (Found : As, 27-5. C,,H,,OAs 
requires As, 27-5%). 

2:10: 10-Tvimethylphenoxarsonium Iodide.—The last-named arsine (21 g.) was heated in 
ethyl-alcoholic solution with methyl iodide under refiux for 3 hrs. Addition of dry ether to the 
cooled solution gave 29 g. of crude methiodide. This crystallised from absolute alcohcl in 
colourless leaflets (24-5 g.), m. p. 205° (decomp.) (Found: I, 30-2. C,;H,,OIAs requires I, 
30-7%). 

Attempted Resolution of 2:10: 10-Tvimethylphenoxarsonium d-Camphorsulphonate and 
d-«-Bromocamphor-r-sulphonate.—A solution of 22-8 g. of the methiodide in alcohol was treated 
with 18-6 g. of silver d-camphorsulphonate, dissolved in 80% alcohol, and the solution heated 
for 15 mins., then cooled and filtered; 27-7 g. of crystalline salt were obtained on removal of 
the solvent. Systematic crystallisation of this d-camphorsulphonate from absolute alcohol 
gave crops of the same rotation, [«]?%, + 22-0°, and [a]3%, + 26-2°, in ethyl alcohol (c = 1-89; 
L = 2; o3%, + 083°, «2%, + 0-99°). Ithad m. p. 275—276° (decomp.) with slight previous soften- 
ing. Similarly, fractional crystallisation from water gave crops of rotation identical with the 
above (Found: C, 56-1; H, 6-3. C,;H;,O0;SAs,H,O requires C, 55-9; H, 6-2%). Decom- 
position gave inactive methiodides. 

The bromocamphorsulphonate (22-8 g.) was prepared in a similar manner. Fractional 
crystallisation from water gave rectangular needles, and the salt showed no indication of re- 
solution. The crops obtained had [«]}?%,, + 56-5° and [«]#{,, + 67-1°, in ethyl alcohol (c = 2-087; 
L= 2; a2, + 236°; 2%, + 2-80°), and [a]?%, + 53-6° and [«]?%, + 64-2°, in chloroform 
(c = 1893; 1 = 2; «2%, + 2-03°; a2%,, + 2-43°). The variations in specific rotation were less 
than 0-5°. All the crops melted at 263—264° (decomp.), and gave rise to inactive methiodides 
(Found: C, 48-9; H, 5-3. C,;H,,O,SAsBr,H,O requires C, 8-8; H, 5-2%). 

10-Phenyl-2-methylphenoxarsine.—To the decanted Grignard reagent prepared from 75 g. 
of bromobenzene (6 mols.) were added 26 g. of 10-chloro-2-methylphenoxarsine (1 mol.) in benzene 
solution. The mixture was heated in boiling water for 6 hrs., the ether being allowed to distil 
off gradually. The product was decomposed with ice and hydrochloric acid. The benzene 
solution was dried, and the solvent removed. The residue was distilled in a vacuum, and 24-5 g. 
(82%, yield) of arsine were obtained, b. p. 250°/10 mm. It remained as a thick oil for 14 days 
in spite of repeated strong chilling and scratching, then suddenly crystallised. After recryst- 
allisation from absolute alcohol, it formed rhombic prisms, m. p. 61—62° (Found: As, 22-4. 
C,)9H,;OAs requires As, 22-4%). 

The methiodide (21 g.) was obtained by heating 24 g. of the arsine in a sealed tube with excess 
of methyl] iodide for 2 days at 100°. Treatment with dry ether, followed by crystallisation from 
absolute alcohol, gave opaque needles, m. p. 179—180° (decomp.) (Found : I, 26-8. C,,H,,OAsI 
requires I, 26-7%). 

Attempted Resolution of 10-Phenyl-2: 10-dimethylphenoxarsonium d-Camphorsulphonate 
and of the d-a-Bromocamphor-x-sulphonate.—The camphorsulphonate, prepared by interaction, in 
boiling alcoholic solution, of 14-25 g. of the methiodide with 10-2 g. of silver d-camphorsulphonate, 
crystallised in rectangular plates from acetone-light petroleum (b. p. 60—80°). The various 
fractions obtained had [«]?%, + 21-4° and [a]3%5, + 25-5°, in ethyl alcohol (c = 2-055; / = 2; 
azo, + 0-88°; «205, + 105°). Recrystallisation gave no appreciable variation in specific rotation, 
and inactive methiodides were always produced (Found: C, 61-9; H, 5-8. (C3,H;,;0;SAs 
requires C, 62-0; H, 5:7%). 

The d-bromocamphorsulphonate, obtained in the usual manner, remained in a glass which 
could not be induced to crystallise. 


We thank the Royal Society and the University of London (Dixon Fund) for grants. 


BEDFORD COLLEGE, UNIVERSITY OF LONDON. [Received, May 31st, 1935.] 
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243. 4-Methoxycinnamylidenepyruvic Acid. 
By E. FRIEDMANN. 


ALIPHATIC—AROMATIC unsaturated «-ketonic acids, injected into spayed mice, cause the 
appearance of cornified cells in the vaginal smears (Friedmann, Nature, 1935, 135, 622). 
It was therefore of interest to investigate whether a similar cestrogenic effect could be 
obtained with such acids having a pair of conjugated double bonds vicinal to the «-ketonic 
group. 

Cinnamylidenepyruvic acid, which fulfils these conditions, has already been prepared 
(Friedmann and Mai, Helv. Chim. Acta, 1931, 14, 1213), and its 4-methoxy-derivative has 
now been readily obtained by Erlenmeyer’s method for the preparation of unsaturated 
a-ketonic acids (Ber., 1903, 36, 2527). ‘ 


4-Methoxycinnamaldehyde.—The yield of this aldehyde, prepared according to Scholz and 
Wiedemann (Ber., 1903, 36, 853), was 6-5%, calculated on the anisaldehyde ; it was rectified three 
times, b. p. 166—171°/11 mm. 

Sodium 4-Methoxycinnamylidenepyruvate.—The foregoing aldehyde (3-1 g.) and pyruvic 
acid (1-8 g.) in alcohol (5 c.c.) were dropped into an ice-cooled solution of sodium hydroxide 
(1-5 g.) in dilute alcohol (15 c.c. of 50%) ; on addition of a few drops of alcohol, the sodium salt 
separated as yellow crystals. After standing over-night, it was triturated with 90% alcohol and 
collected (yield 74%). When recrystallised repeatedly from hot water (15 vols.), it formed 
yellow needles, containing water of crystallisation, partly volatile at room temperature (Found : 
H,O, 8-3. C,,;H,,0,Na,1JH,O requires 14}H,O, 9-6%. Found in dried salt: Na, 9-0. 
C,;H,,0,Na requires Na, 9-0%). 

On addition of dilute mineral acids to the salt, a turbid solution resulted which crystallised 
rapidly. The acid was collected after 2 hours, dried, and repeatedly recrystallised from benzene 
(18 vols.), forming rosettes of orange needles, m. p. 137—138° (decomp.) (Found : C, 67-2; H, 
5:2. C,3H,,O, requires C, 67-1; H, 5-2%). The acid is easily soluble in cold acetone and methyl 
and ethyl alcohols, sparingly soluble in water and ether, insoluble in light petroleum. It can 
be recrystallised from hot glacial acetic acid (10 vols.), chloroform, or benzene. Heated with 
concentrated sulphuric acid, it gives an intense, dark cherry-red solution. The colour is stable 
on standing and on gentle heating. By heating with concentrated hydrochloric acid, a pale 
orange-coloured solution is obtained. 

The 2 : 4-dinitrophenylhydrazone separates when the acid (0-23 g.) and 2: 4-dinitrophenyl- 
hydrazine (0-2 g.), each in 5 c.c. of glacial acetic acid, are heated together for 1 hr. It forms dark 
red curved needles, surrounded by a light red jelly. Crystallisation from ethylene glycol mono- 
ethyl ether (30 vols.) gives a homogeneous product of dark red granules of rosettes of needles, 
m. p. 201° (decomp.) (Found : N, 13-7. C,.H,,0,N, requires N, 13-6%). 


I am indebted to the British Drug Houses for the supply of material. My best thanks are 
due to Professor Sir F. G. Hopkins, P.R.S., for the interest he has taken in this work. 


StR WILLIAM DuNN INSTITUTE OF BIOCHEMISTRY, CAMBRIDGE. [Received, June 12th, 1935.] 





244. The Alkaloids of Anagyris Foetida. Part II. 
By H. Raymonp ING. 


In Part I (J., 1933, 504), a method of isolating cytisine and anagyrine, the two chief 
alkaloids present in the seeds of Anagyris foetida, was described, but no account was given 
of other alkaloids present. Subsequent working up of the mother-liquors from these two 
alkaloids has revealed the presence in small amounts of N-methylcytisine and d-sparteine. 
The former (caulophylline) had previously been found to occur in Caulophyllum thalictrotdes 
by Power and Salway (J., 1913, 108, 194). d-Sparteine has recently been isolated from 
Sophora pachycarpa and from Thermopsis lanceolata (Oréchov et al., Ber., 1933, 66, B, 621, 
625). The latter species also contains anagyrine and N-methylcytisine (Oréchov, Norkina, 
and Gurevitsch, Ber., 1934, 67, B, 1394). 
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Since d-sparteine was shown in Part I to be identical with hexahydrodeoxyanagyrine, 
it is not surprising to find it accompanying anagyrine in Anagyris foetida, but the amount 
present is very small and certainly not sufficient to make the seeds of this species a useful 
source of the alkaloid. No /-lupanine (tetrahydroanygyrine) was detected in the mother- 
liquors from cytisine or anagyrine. 

EXPERIMENTAL. 


Isolation of N-Methylcytisine—The ethyl acetate mother-liquors from the crystallisation of 
cytisine were evaporated, and the gummy residue dissolved in water and treated with benzene- 
sulphonyl chloride and alkali. The cytisine still present was precipitated as benzenesulphonyl- 
cytisine, which is sparingly soluble even in hot water but crystallises from alcohol in diamond- 
shaped plates, m. p. 263—264° (Found : N, 8-6. C,;H,,0,N,S requires N, 8-5%). The aqueous 
filtrate was made strongly alkaline, and extracted first with benzene and then with chloroform. 
The first extract left on evaporation a non-crystallisable base, which was proved to be anagyrine 
by comparison of its perchlorate (Found: N,8-1. Calc. for C,;H,,ON,CIO,: N, 8-1%) and picrate, 
m. p. 244—245°, with genuine specimens of these anagyrine salts. The second extract left on 
evaporation a base which slowly solidified; this was crystallised by solution in benzene and 
addition of light petroleum, forming prisms, m. p. 136—137°, and was proved to be N-methyl- 
cytisine (Found: C, 70-9; H, 7-8; N, 13-6. Calc. for C,,H,,ON,: C, 70-6; H, 7-8; N, 13-7%) by 
comparison with a genuine specimen prepared from cytisine and also by comparison of its picrate, 
m. p. 228°, with N-methylcytisine picrate (Power and Salway, /oc. cit.). 

Isolation of d-Sparteine.—The acid mother-liquors from anagyrine perchlorate, after treat- 
ment with charcoal, were basified with ammonia and extracted with chloroform. Evaporation 
of the solvent left a residue which solidified on treatment with hot light petroleum. The solid 
after several crystallisations from ethyl acetate or alcohol melted at 171—172°, and proved to be 
identical with hexahydrodeoxyanagyrine (d-sparteine) monoperchlorate (Found: C, 53-9; 
H, 8-0; N, 8-2; Cl, 10-8. Calc. forC,,H,,N,ClO,: C, 53-8; H, 8-1; N, 8-2; Cl, 10-6%). A mixture 
of the monoperchlorate with that of /-sparteine melted at 135—140°, but there was no depression 
of m. p. on admixture with hexahydrodeoxyanagyrine monoperchlorate. It had been found 
in Part I that sparteine monoperchlorate was readily soluble in chloroform, but its extraction 
from an ammoniacal solution was unexpected. 

The free base was liberated by alkali and extracted with ether. The amount available was 
too small for extensive purification, but it distilled at 130—135°/1 mm., and had [a]/?* + 13-8° 
(c = 2 in alcohol) (Oréchov et al. record [a]p + 16-3° for d-sparteine). The monohydriodide, 
m. p. 232—233°, and the dipicrate, m. p. 204—205° (Oréchov et al. give m. p.’s 234—235° and 
199—200° respectively for the corresponding salts of d-sparteine), gave no depression of m. p. 
with the corresponding salts of hexahydrodeoxyanagyrine (Ing, Joc. cit.; m. p.’s 230—231° and 
205—206° respectively) and of Clemo, Raper, and Tenniswood’s d-sparteine (J., 1931, 429; m. p.’s 
229° and 205—206° respectively). 


The author is indebted to the Chemical Society for grants. 
UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, June 13th, 1935.] 





245. Studies in Pyrolysis. Part III. The Pyrolysis of Carbonic 
and Sulphurous Esters 


By Patrick D. RITcHIE. 


In Parts I and II (Burns, Jones, and Ritchie, this vol., pp. 400, 714) it has been shown 
that a derivative.of an «-hydroxy-acid, CH,-CR(OH)-CO,H, can be converted into the 
corresponding derivative of the A*-unsaturated acid, CH,-CR-CO,H, by acetylation, 
benzoylation, etc., and pyrolysis of the resulting ester at 400—600°. It is now shown 
that the same unsaturated product is obtained on pyrolysis of the carbonate formed by 
esterification of the «-hydroxy-compound with carbonyl chloride or a chloroformic ester, 
and of the sulphite formed by esterification with thionyl chloride. The pyrolysis of the 
lower alkyl carbonates, both simple and mixed, and of aromatic carbonates, has also 
been examined, and its nature determined. 
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(1) Carbonates.—Previous references to the action of heat on organic carbonates are 
few. Gomberg (Ber., 1913, 46, 226) found that bis(triphenylmethyl) carbonate yielded 
carbon dioxide and bis(triphenylmethyl) ether when heated at 140° with a copper 
catalyst. Fries (Ber., 1925, 58, 2845) has recorded a second case, in which, however, the 
course of the decomposition is obviously determined by the presence of a second func- 
tional group (CO-NH,) in the ester molecule : 


O 
O-CO-OEt — @> 100) \co 
CORRE 7 ee NH - 
cé 


The results now obtained are summarised below. 
Simple (Symmetrical) Alkyl Carbonates——The pyrolysis of simple alkyl carbonates 


takes place according to the scheme : 
CO(O°C,,Hon.1)2 —-> CrHen,OH + CO,+ C,H, . . . (A) 


Methyl carbonate ( = 1), like most methyl esters, has a much higher degree of thermo- 
stability than its higher homologues. Under the conditions of pyrolysis employed (see 
Part I, loc. cit.), only 36% undergoes pyrolytic decomposition at 600°, and only 28% at 
500°; whereas, in the case of ethyl carbonate (n = 2), 66% is ‘‘ cracked” at 500°. The 
latter ester yields ethylene directly : the former also yields ethylene, presumably indirectly 
via the methylene radical. In both cases, the carbinol formed as a primary product 
undergoes slight secondary pyrolysis into hydrogen and the corresponding aldehyde; 
and, in addition, the formaldehyde thus formed from methyl carbonate, via methyl alcohol, 
suffers further pyrolysis into hydrogen and carbon monoxide. 

When the alkyl groups in such symmetrical carbonates both contain in the «-position 
a negative acidic radical, such as CN or CO,Me, the same mode of primary pyrolysis is 
observed : 

CO(O-CRX:CH,), —-> CH,*CRX-OH + CO, + CH,CRX . . (B) 
(R = H or Me, and X = CN or CO,Me) 


Since methyl carbonate is more thermostable than ethyl carbonate, it might be expected 
that a substituted ethyl carbonate (7.e., R = H, above) would be more thermostable 
than the corresponding substituted isopropyl carbonate (7.e., R = CHg, above): this is 
the case. Various secondary decompositions are liable to occur here, however: ¢.g., 
where X = CN, the hydroxylic product, being a cyanohydrin, undergoes complete fission 
into hydrogen cyanide and an aldehyde or ketone. The substituted olefin CH,:CRX is 
itself, in general, fairly thermostable, apart from its tendency to polymerisation. 

Mixed (Unsymmetrical) Alkyl Carbonates.—The pyrolysis of such carbonates follows a 
more complex course, two modes of primary fission being involved : 

P an O*CmH om + 1 =. 4 

CrHon + *OH + CO, + CnrHom <— CO<0.CH.., CmHom+,°OH + CO, + CyrHon 
If the simpler of the two alkyl radicals is methyl (m = 1), the reaction appears to follow 
route (I) almost exclusively up to about 500°, and a negative substituent radical attached 
to the a-carbon atom of the higher alkyl group does not alter the course of primary 


pyrolysis : 


I) 
CH,*O-CO-O-CHX:-CH, aah CH,OH + CO, + CH,;CHX. . . (C) 
(X = CN or CO,Me) 
If, however, both alkyl radicals are higher than methyl, and m <n, both modes of 


fission occur simultaneously, route (I) predominating over route (II); ¢.g., ethyl »-butyl 
carbonate (m = 2, n = 4) decomposes at 500° in the following way : 


I; ca. e I; ca. 56%) 
CH Ol -+ CO, +0, CO<G cH an» CH,OH + CO, + C,H, 
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Some acetaldehyde is also formed, presumably by slight secondary pyrolysis of ethyl 
alcohol. 

The above results are strictly analogous to the pyrolysis of methyl «-carbethoxyethyl 
phthalate (this vol., p. 401), and also to the results recorded by Nagel and Abelsdorff 
(Wiss. Veréff. Siemens-Konz., 1926, 5, 193), who found that simple (symmetrical) alkyl 
phthalates undergo thermal decomposition, on prolonged refluxing at about 300°, on the 


lines : 


CoH q(CO*O-C,Hon + 1)2 —> CoHgn+1°OH + CoH yee >0 + CrHn 


Methyl phthalate (n = 1) is much more thermostable than its higher homologues, and 
undergoes very little pyrolysis at this temperature: and mixed (unsymmetrical) alkyl 
phthalates, where one of the alkyl radicals is methyl, decompose according to route (I), 
no evidence for route (II) being obtained : 

, CO (I) CO-O-CH (1) 
CrHon +1°OH + CeHy< eg >0 + (CH2)2 <— CoH s<C0-0-C,Hon +1 — 


CHy-OH + CH<EQ>0 + CHa, 


Nagel and Abelsdorff have identified ethyl hydrogen phthalate as an intermediate product 
in the pyrolysis of ethyl phthalate, and have demonstrated the secondary pyrolysis of 
methyl hydrogen phthalate to methyl alcohol and phthalic anhydride at 125°: they 
therefore postulate a reaction mechanism whereby a molecule of olefin is eliminated 
primarily, followed by pyrolysis of the resulting alkyl hydrogen ester to carbinol and 
phthalic anhydride. It is probable that the pyrolysis of alkyl carbonates occurs through 
a similar mechanism, which would be in accordance with the observed thermostability of 
methyl carbonate, and the well-known instability of the alkyl hydrogen carbonates, which 
can exist only at low temperatures (Hempel and Seidel, Ber., 1898, 31, 3001). The only 
obvious alternative mechanism—a primary elimination of carbon dioxide, followed by 


slow pyrolysis of the dialkyl ether thus formed, into carbinol and olefin—receives some 


support from the observations of Gomberg (loc. cit.). Nef, however, has shown (Annalen, 
1901, 318, 198) that diethyl ether is fairly thermostable up to 500°, and we would not, 
therefore, expect it to undergo appreciable secondary pyrolysis, under the present experi- 
mental conditions, into the products actually found. Further, Nef showed that aliphatic 
ethers, on pyrolysis, yield the aldehyde and paraffin : fission into carbinol and olefin, the 
products observed in the present work, occurs only in the case of a few rather complex 
ethers (Kleber, Annalen, 1888, 246, 103; Merling and Welde, ibid., 1909, 366, 135; Biltz 
and Strufe, ibid., 1917, 413, 164). The second alternative mechanism is therefore extremely 
improbable, in the cases so far described. 

Aromatic Carbonates.—In an unsymmetrical carbonate, where one of the hydrocarbon 
radicals is an alkyl group and the other is phenyl, olefin can be eliminated in one way 
only: and primary pyrolysis would therefore be expected to occur according to the 
scheme : 
PhO-CO-0°C,,H5,,; —-> PhOH + CO, + C,H», . . . ~ (D) 
This has been confirmed, phenyl ethyl carbonate (m = 2) breaking down in this way to 
the extent of 85% at 500°. It is not easy to decide which of the two possible reaction 
mechanisms obtains in this case. Olefin may be eliminated first, as before, followed by 
pyrolysis of phenyl hydrogen carbonate to phenol and carbon dioxide: but primary 
elimination of carbon dioxide seems equally possible here, since this would yield phenetole, 
which has been shown by Bamberger (Ber., 1896, 19, 1820; see also Meyer and Hofmann, 
Monatsh., 1917, 38, 343) to yield phenol and ethylene on pyrolysis at 380—400°. 

The elimination of an olefin cannot possibly, however, be the first stage in the pyrolysis 
of a symmetrical aryl carbonate: and it has, in fact, been found that phenyl carbonate 
is very much more thermostable than the other carbonates so far considered. Phenyl 
carbonate has b.p. 301—302°; and about 82% of the product of pyrolysis at 640—670° 
boiled above 230°. Carbon dioxide, benzene, and phenol were identified as products of 
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the decomposition. It is practically certain, therefore, that primary pyrolysis occurred 
thus : 


CO(OPh), —> CO, + Ph-O-Ph 


Secondary pyrolysis of diphenyl ether then presumably occurred, for Graebe and Ullmann 
(Ber., 1896, 29, 1877; see also Meyer and Hofmann, Monatsh., 1916, 37, 681) have 
observed that this compound splits up in the following way, in a red-hot glass tube : 


2C,H;°O-C,H; —_ CH, “t- C,H;-OH hee 


The high-boiling fraction from the present product of pyrolysis was obviously a mixture, 
presumably of diphenylene oxide (b.p. 287—288°) and unchanged phenyl carbonate, 
though it could not be purified sufficiently to identify the former compound definitely. 

The foregoing results may be summarised thus : 

(1) When the structure of an organic carbonate permits of the elimination of a 
molecule of olefin, primary pyrolysis appears to follow this course, followed by secondary 
decarboxylation of the resulting intermediate acid carbonate. 

(2) When the molecule is such in structure that no olefin can be eliminated, it tends 
to lose carbon dioxide primarily, with formation of an ether, which may then undergo 
secondary pyrolysis. 

(3) When the structure of the molecule is such that two different olefins may be 
eliminated, pyrolysis may follow two independent primary courses, simultaneously. 

The action of carbonyl chloride on a mixture of equivalent amounts of pyridine and 
an a-hydroxy-ester or nitrile, Me‘CRX-*OH (where R = H or Me and X = CN or CO,Me), 
gave the desired symmetrical carbonate in yields of about 50%, about 20% of the 
a-hydroxy-compound being lost. The «-chloro-compound Me*-CRXCI was produced as a 
by-product in all four casesexamined. Where R = Me, the chloro-compound was obtained 
in 20—30% yield; but, where R = H, the yield fell to 10—20%, and a third product, 
whose nature has not yet been determined, made its appearance. In each case (X = CN, 
and X = CO,Me) it was free from halogen, was insoluble in water, and had a sharp b. p. 
intermediate between that of the other two products. 

None of these by-products was observed when esterification was carried out with 
methyl chloroformate instead of carbonyl chloride. Further, though carbonyl chloride 
reacted readily with the compound Me-CRX-OH in presence of pyridine, where R = either 
H or Me, methyl chloroformate only reacted smoothly where R = H. Where R = Me, 
esterification of the tertiary hydroxyl group proceeded only to a very slight extent—a 
difficulty previously encountered (this vol., p. 716). 

(2) Sulphites—Carré and Libermann (Compt. rend., 1934, 198, 274; Bull. Soc. chim., 
1934, 1, 1248) have pyrolysed benzyl, $-phenylethyl, and y-phenyl-n-propyl sulphites. 
The first two eliminate sulphur dioxide, with formation of the corresponding ether—a 
result parallel to that recorded by Prinz for ethyl sulphite (Annalen, 1884, 228, 374). The 
third ester splits up on pyrolysis into a carbinol, sulphur dioxide, and olefin, and a similar 
result is obtained with a long-chain alkyl sulphite, such as SO(O°C,)H.;),. The latter 
mode of decomposition is parallel to that described above for the carbonic esters, and it 
is of interest that a-carbethoxyethyl sulphite undergoes primary pyrolysis at 400—500° in 
the same way : 


SO[O-CH(CH,)*CO,Et], —> CH,*CH(OH)-CO,Et + SO, + CH,!CH:CO,Et 


The yields of the two ethyl esters were, however, poor. Various secondary pyrolyses 
occurred, such as the fission of ethylene from the carbethoxy-groups, just as was observed 
in the pyrolysis of the higher alkyl «-acetoxypropionates, and of methyl a-carbethoxy- 
ethyl phthalate (Part I). 

EXPERIMENTAL. 


The apparatus and methods are described in Part I (this vol., p. 403), and the manipulation 
of solids in Part II (p. 715). In the case of the a-substituted esters, carbon dioxide was 
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passed through a bubbler (25 bubbles per min.) and then through the pyrolysis tube to 
facilitate passage of the vapours. 

Unless otherwise stated, the carbinols, aldehydes, and olefins mentioned hereafter were 
identified as their 3: 5-dinitrobenzoates, 2: 4-dinitrophenylhydrazones, and dibromides, 
respectively. The first two were tested by the mixed m. p. method, and the last-named by 
estimation of bromine in a purified sample. 

All the yields are calculated on the original ester destroyed on pyrolysis. 

Pyrolysis of Methyl Carbonate.—The pure ester, b. p. 89-5—90°/760 mm., was run (2°1 c.c./ 
min.) into the pyrolysis tube at 500° and at 600° in two experiments : 


I, II. 
Temperature 500-—510° 590-600° 
Be MI, Ts ccinccnstcnasicccucescsapcusdssciquancsnesscctiseicatccsscucenss 101 
Liquid recovered, @. ccccccccoccccccccccsccsccseccnscccccsecscesssecsescces , 74 
Loss of weight on pyrolysis, % 27 
** Unctacited © @80er TOCOVOTOR, GB. oc.c.ccescccccccccccsceccscccoscsnes 92 (72%) 65 (64%) 


The recovered liquid was a mixture of methyl alcohol and unchanged carbonate, from 
which the former was isolated by fractionation. The carbonate content of the residue was 
estimated by removing the last of the alcohol by brine. The gaseous products of pyrolysis 
were passed into bromine, whereby ethylene dibromide was obtained, b. p. 131—132°. The 
exit gases (from Experiment II), after removal of olefin, consisted of about 90% of carbon 
dioxide, 3% of carbon monoxide, and 6% of hydrogen. 

Pyrolysis of Ethyl Carbonate.—146 G. of ethyl carbonate, b. p. 127—127-5°/760 mm., were 
run into the pyrolysis tube (2 c.c./min.; 495—505°). 75 G. of liquid were recovered, which 
yielded (i) 11 g., b. p. 70—82°; (ii) 22-5 g., b. p. 82—90°; (iii) 6 g., b. p. 90—123°; (iv) 34¢., 
b. p. 123—126°; (v) 3g. ofresidue. Fractions (i) and (ii) were mainly ethyl alcohol. Fraction 
(iv) and the residue were “‘ uncracked ”’ carbonate, of which a further 13 g. were recovered by 
washing fractions (i), (ii), and (iii) with brine. The gaseous products of pyrolysis gave 84 g. 
of ethylene dibromide, b. p. 130—130-5°. 

Pyrolysis of Ethyl n-Butyl Carbonate.—The pure ester had b. p. 168°/763 mm., nu} 1-3990, 
di’ 0-9426. From 192 g. of the carbonate (2-1 c.c./min.; 500—510°), 82-5 g. of liquid were 
recovered, which yielded six fractions: (i) 3 g., b. p. 40—70°, mainly acetaldehyde; (ii) 14 g., 
b. p. 70—85° (mostly ca. 80°), crude ethyl alcohol; (iii) 8 g., b. p. 85—110°, ethyl and -butyl 
alcohols; (iv) 17-5 g., b.p. 110—122° (mostly 114—116°), crude n-butyl alcohol; (v) 14 g., 
b. p. 122—160°, butyl alcohol and unchanged ester; (vi) 28 g., b. p. 160—163° (mostly 162-5— 
163°/755 mm.), and residue, about 1 g., both consisting of unchanged ester. 

The gaseous products of pyrolysis gave a mixture of olefin dibromides, which yielded 
(i) 42 g., b. p. 1388—145°; (ii) 19 g., b. p. 145—155°; (iii) 56 g., b. p. 155—168° (mostly 165— 
166°); (iv) 7 g. of black residual-liquid. Fractions (i) and (iii) on refractionation yielded 
ethylene dibromide, b. p. 131-5—132-5°, and «$-dibromobutane, b. p. 163—164°, respectively. 
Fraction (ii) was a mixture of both. 

The exit gases, after removal of olefins, consisted of about 93% of carbon dioxide and 7% 
of hydrogen. 

Hence 17% of the carbonate remained “‘ uncracked ” and about 14% of the ethyl alcohol 
primarily formed underwent secondary pyrolysis into hydrogen and acetaldehyde. 

Pyrolysis of Phenyl Ethyl Carbonate.—The ester was freed from traces of phenol, and had 
b. p. 107—108°/13 mm. 91 G. (2 c.c./min.; 500—520°) gave 52 g. of liquid, which yielded 
35 g. of almost pure phenol, b. p. 180—181°/765 mm., identified by formation of 2: 4: 6-tri- 
bromophenol. The residue (16 g.) was washed with caustic soda solution to remove phenol, 
and then yielded 14 g. of unchanged carbonate. The gaseous products of pyrolysis consisted 
of equal volumes of carbon dioxide and ethylene. 

Pyrolysis of Phenyl Carbonate.—The ester had b. p. 309°/761 mm., and m. p. 79° after six 
crystallisations from ligroin (Kempf, J. pr. Chem., 1870, 1, 404, gives m. p. 78°, and Richter, 
ibid., 1883, 27, 41, m. p. 88°). A solution of 125 g. of the ester in 125 g. of acetone was run 
(2 c.c./min.) into the pyrolysis tube at 640—670°; 206 g. of liquid were recovered, which 
yielded: (i) 100 g., b. p. 55—230°; (ii) 14 g., b. p. 230—275°; (iii) 15 g., b. p. 275—300°; 
(iv) 74 g., b. p. 300—305°. Fraction (i) was redistilled, and after removal of acetone a small 
water-insoluble fraction was obtained, b. p. 70—80°, which smelt of benzene and gave the 
odour of nitrobenzene 9n nitration. A small fraction was then obtained, b. p. 160—190°, 
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which yielded 2: 4: 6-tribromophenol on bromination. Fraction (iv) was unchanged phenyl 
carbonate. Fractions (ii) and (iii) partly solidified on cooling, the latter yielding a solid, m. p. 
70—85°, but nothing definite was isolated. 

Preparation of «-Carbomethoxyethyl Carbonate.—Carbonyl chloride was blown into a vigor- 
ously stirred mixture of 208 g. (2 mols.) of methyl lactate and 160 g. (2 mols.) of pyridine until 
140 g. (1-4 mols.) had been absorbed (with only 1 mol., the yields obtained were poor). The 
mass was heated at 100° for 2 hours, poured into water, and extracted with ether, and the 
residue from the dried extract distilled in a vacuum. Three fractions were isolated. (i) The 
first (48 g.), b. p. 48°/20 mm., was crude methyl a-chloropropionate (20% yield, calc. on 
hydroxy-ester) : refractionation gave an impure sample, b. p. 130—132°/767 mm. (Kahlbaum, 
Ber., 1879, 12, 343, records b. p. 132-5°) (Found: Cl, 26-4. Calc.: Cl, 28-9%). (ii) The second 
(32 g.) was a colourless liquid, b. p. ca. 110°/22 mm. When united with the corresponding 
fraction (59 g.) from a second preparation and refractionated, it gave a liquid, b. p. 197—200°/ 
767 mm., n}” 1-4115 (Found: C, 44-3; H, 5-8%; M, cryoscopic in benzene, 156), which awaits 
further investigation. (iii) The third fraction was the desired carbonate (94 g.; 40% yield, 
calc. on hydroxy-ester). It was a fairly viscous, colourless liquid, miscible with acetone, ether, 
and ethyl alcohol; b. p. 172°/32 mm., n?” 1-428, d? 1-193 (Found: C, 46-4; H, 5-9; M, 
cryoscopic in benzene, 234. C,H,,0, requires C, 46-2; H, 6-2%; M, 234). 

Pyrolysis. 99 G. of the carbonate (4 c.c./min.; 420—430°) gave 81 g. of liquid, which 
yielded (i) 14 g., b. p. mostly ca. 80°/760 mm.; (ii) 12 g., b. p. 143—150°/760 mm. ; (iii) 46 g., 
b. p. 165—171°/30 mm. Fraction (i), washed with water, yielded 10 g. of almost pure methyl 
acrylate (51% yield, calc. according to equation B). A sample polymerised to a clear, almost 
colourless, tough, rubbery resin when warmed to 60° with 0-5% of benzoyl peroxide (Found : 
saponification equiv., 82. Calc., 86). Fraction (ii) (water-soluble) was methyl lactate (51% 
yield, calc. according to equation B) (Found: saponification equiv., 101. Calc., 104). Frac- 
tion (iii) was ‘‘ uncracked ”’ carbonate. 

Preparation of a-Cyanoethyl Carbonate.—Carbonyl chloride was blown into a mixture of 
395 g. (2 mols.) of acetaldehyde cyanohydrin and 420 g. (2 mols.) of pyridine; when 250 g. 
(1 mol.) had been absorbed, the whole was heated at 100° for 4$ hours and kept over-night. 
The product, worked up as before, gave three fractions. (i) The first, b. p. 30—34°/32 mm., 
was washed with water, and yielded 32 g. (6% yield, calc. on cyanohydrin taken) of almost 
pure a-chloropropionitrile, b. p. 122-5—123°/760 mm. (Henry, Bull. Acad. roy. Belg., 1898, 35, 
360, gives b. p. 122—123°) (Found: N, 15-8; Cl, 38-5. Calc.: N, 15-6; Cl, 39-7%). (ii) The 
second (80 g.), b. p. ca. 95°/15 mm., after several fractionations gave a product, b. p. 92—93°/ 
17 mm. (Found: C, 51-5; H, 68%; M, cryoscopic in benzene, 96), which awaits further 
investigation. (iii) The third fraction was the desired carbonate (260 g.; 56% yield, calc. on 
cyanohydrin). It distilled at 165—168°/16 mm. as a pale yellow, viscous liquid, which rapidly 
set to a solid, almost colourless, crystalline mass. Recrystallised from xylene or dilute ethyl 
alcohol, it formed long, flattened, colourless prisms, m. p. 44—44-5°, the acute angle between 
the long edges and the ends being approx. 71-5°. They exhibit high polarisation colours and 
no pleochroism, and show oblique extinction, 6 = 6° (approx.). The ester is readily soluble 
in acetone and ether (Found: C, 50-1; H, 45; N, 16-8; M, cryoscopic in benzene, 170. 
C,H,O,N, requires C, 50-0; H, 4-8; N, 16-7%; M, 168). 

Pyrolysis. A solution of 224 g. of the carbonate in 148 g. of acetone (4 c.c./min.; 460— 
480°) gave 304 g. of liquid, which yielded three fractions: (i) 158 g., b. p. 30—59°/760 mm. ; 
(ii) 65 g., b. p. 59—70°/760 mm. (mostly ca. 68°); (iii) 56 g., b. p. 160—165°/14 mm. Frac- 
tion (i) was mainly acetone, but acetaldehyde and hydrogen cyanide were identified in the 
first few grams of distillate. Fraction (ii) was mostly acrylonitrile, 40 g. of which were obtained 
on washing with water (76% yield, calc. according to equation B); when dried and frac- 
tionated, this had b. p. 73—79°/770 mm. (Found: N, 26-0. Calc.: N, 26-4%). Fraction (iii) 
was “‘ uncracked ”’ carbonate. 

Preparation of «-Carbomethoxyisopropyl Carbonate.—Prepared from 480 g. (2 mols.) of methyl 
a-hydroxyisobutyrate, 320 g. (2 mols.) of pyridine, and 245 g. (1-25 mols.) of carbonyl chloride 
as in the preceding case, the product was distilled in two fractions: (i) 191-5 g., b. p. ca. 48°/ 
15 mm., which yielded on fraetionation 105 g. of methyl a-chloroisobutyrate, b. p. 133—136°/ 
760 mm. (Found: Cl, 25-7. C;H,O,Cl requires 26-0%); (ii) «-carbomethoxyisopropyl carbonate 
(246 g.). The latter, b. p. 152—154°/15 mm., was a pale yellow, viscous liquid, which rapidly 
set to a crystalline mass. Recrystallised from ligroin, it formed long, narrow, colourless, 
prismatic needles, m. p. 66—67°. Rapid crystallisation gave typical irregular “‘ corn-sheaf ” 
aggregates. The needles show no pleochroism, and parallel extinction. The ester is readily 
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soluble in acetone, ether, and ethyl alcohol (Found: C, 50-3; H, 6-6; M, crysoscopic in 
benzene, 252. C,,H,,0, requires C, 50-4; H, 6-9%; M, 262). 

Pyrolysis. A solution of 227 g. of the carbonate in 150 g. of acetone (6 c.c./min.; 445— 
455°) gave 291 g. of liquid, which yielded: (i) 126 g., b. p. 55—58° (acetone) ; (ii) 112 g., b. p. 
90—100°; (iii) 42 g., b. p. 132—138°. Fraction (ii), on purification, yielded 73 g. of almost 
pure methyl methylacrylate (84% yield, calc. according to equation B). A sample poly- 
merised to a clear, hard, colourless resin when warmed to 60° with 0-5% of benzoyl peroxide 
(Found: saponification equiv., 96. Calc., 100). Fraction (iii) (water-soluble) was methyl 
a-hydroxyisobutyrate (52% yield, calc. according to equation B) (Found: saponification equiv., 
116. Calc., 118). No “‘ uncracked ”’ carbonate was recovered. 

Preparation of «-Cyanoisopropyl Carbonate.—The quantities were 255 g. (2 mols.) of acetone 
cyanohydrih, 237 g. (2 mols.) of pyridine, and 185 g. (1-25 mols.) of carbonyl chloride. The 
product, worked up as before, gave a first fraction (60 g.), b. p. 55°/10 mm., of impure «-chloro- 
isobutyronitrile (Chrzaszczewska and Sobieranski, Rocz. Chem., 1927, 7, 470, give b. p. 51-5— 
52-5°/6 mm.) (Found: Cl, 32-4. Calc. : Cl, 34-39%). The residue on cooling set to a mass of 
pale yellow crystals (147 g.) of slightly impure «-cyanoisopropyl carbonate. This crystallised 
from dilute ethyl alcohol in thick, flattened, colourless, rhombic prisms, m. p. 76—77°, with 
an acute angle of about 82°. They exhibited moderately high polarisation colours and no 
pleochroism, and showed symmetrical extinction. Elongated prismatic needles showing 
parallel extinction were also occasionally found. The ester is readily soluble in acetone and 
ether (Found: C, 55-0; H, 5-8; N, 14-4; M, cryoscopic in benzene, 200. C,H,,0,N, requires 
C, 55-1; H, 6-1; N, 143%; M, 196). 

Pyrolysis. 98 G. of the carbonate in 146 g. of acetone, pyrolysed (3-5 c.c./min.) at 430— 
450°, gave 192 g. of liquid which yielded: (i) 145 g., b. p. ca. 60°, mainly acetone; (ii) 20 g., 
b. p. 65—76°, a mixture of acetone and a-methylacrylonitrile, from which 5 g. of the latter 
were obtained on shaking with water; and (iii) 25 g., b. p. 77—90°, which yielded a further 
13 g. of the nitrile on extraction with water. The total nitrile (54% yield, calc. according to 
equation B), when dried and fractionated, yielded the pure nitrile, b. p. 88—89°/750 mm. 
(Found: N, 20-5. Calc. for C,H;N: N, 20-9%). The total acetone found in the product 
exceeded that taken as solvent; and fraction (i) contained hydrogen cyanide. 

Preparation of Methyl «-Carbomethoxyethyl Carbonate.—210 G. (1-1 mol.) of methyl chloro- 
formate were added (2 hours) to a cooled and stirred mixture of 208 g. (1 mol.) of methyl 
lactate and 160 g. (1 mol.) of pyridine, which was then heated at 100° under reflux for 4 hours, 
kept over-night, and shaken with water and ether; the ethereal extract was washed with 
dilute hydrochloric acid, dried, and evaporated. The residual oil, on distillation in a vacuum, 
yielded 238 g. (73% yield, calc. on lactate) of methyl «-carbomethoxyethyl carbonate as a colourless 
liquid with a. faint smell, b. p. 91-5—92°/12 mm., 97—98°/18 mm., and 198—200° (slight 
decomp.) /759 mm., n?" 1-4102, d? 1-157 (Found: C, 44-3; H, 5-9; M, cryoscopic in benzene, 
158. C,H,.O, requires C, 44-4; H, 6-2%; M, 162). 

Pyrolysis. This was carried out at three different temperatures (see under A in the table). 


A. B. 
A ooh f 
II. III. I EE. 


500-—520° 550—570° 480—490° 550-570° 
+ 4 6 5 





Rate of addition of ester (c.c./min.) 
Ester used (g.) 334 128 51 42 
Liquid recovered (g.) 41 260 86 41°5 25 
Ester “ uncracked ”’ (g.) 31 (60%) 120 (36% 13 (10%) 29 (67% 9 (21% 
Crude methyl acrylate 
nitrile (B) isolated (g.) 6 (54%) 69 (61%)  40°5(67%) 6 (66% 9 (66%) 

In each case the mixture of methyl alcohol and methyl acrylate was distilled from the 
high-boiling ‘‘ uncracked ’’’ carbonate. The first few drops of distillate, b. p. 66—68°, were 
methyl alcohol (characterised as methyl hydrogen phthalate). The remainder of the alcohol 
was removed from the mixture by brine; the insoluble layer was readily polymerisable methyl 
acrylate. (The yields recorded above are calculated according to equation C.) The crude ester 
from experiment III yielded 32 g. of methyl acrylate, b. p. 80—81°/761 mm. (Found: C, 
55-4; H, 7-1. Calc.: C, 55-8; H, 7-0%). 

Preparation of Methyl a-Cyanoethyl Carbonate.—By the process described in the preceding 
preparation, 184 g. (1-1 mols.) of methyl chloroformate, 128 g. (1 mol.) of acetaldehyde cyano- 
hydrin, and 145 g. (1 mol.) of pyridine gave 142 g. of methyl u-cyanoethyl carbonate as a colourless 
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liquid with a faint pleasant odour, b. p. 80-5°/10 mm., 82—83°/13 mm., 92°/22 mm., nj” 1-4046, 
d 1-110 (Found: C, 46-4; N, 5-4; M, cryoscopic in benzene, 130. C;H,O,N requires C, 
46-5; H, 54%; M, 129). 

Pyrolysis. This was carried out at two different temperatures (see under B in the pre- 
ceding table). The product was treated exactly as described in the preceding case (with the 
substitution of ‘‘ acrylonitrile’ for ‘‘ methyl acrylate”’). From the total crude acrylonitrile 
(15 g.) obtained, a sample of the pure nitrile was isolated, b. p. 77—78°/762 mm. (Found: N, 
26-2. Calc.: N, 26-4%). 

Preparation of «-Carbethoxyethyl Sulphite—The method of Frankland and Garner (J., 1914, 
105, 1112), who described the small-scale preparation of the dextrorotatory form of this ester 
(b. p. 167°/13 mm.), which they termed ‘‘ ethyl thionyl-lactate,”” gave in our hands somewhat 
uncertain results on a larger scale. The optically inactive ester has now been prepared by 
the gradual addition of thionyl chloride (1 mol.) to a cooled and stirred mixture of ethyl lactate 
(2 mols.) and pyridine (2 mols.), the product being heated at 100° for 2 hours and shaken with 
water. «a-Carbethoxyethyl sulphite, isolated by extraction with ether, and distilled in a vacuum, 
was obtained in poor yield (ca. 25%), b.p. 158—160°/4 mm. (Found: S, 12-0. Cy9H,,0,S 
requires S, 11-4%). 

Pyrolysis. 162 G. of the sulphite (4 g./min.; 390—420°) gave 130 g. of liquid, which 
yielded : (i) 9 g., b. p. < 110°; (ii) 16 g., b. p. 110—150°; (iii) 17 g., b. p. 1560—155° (ethyl 
lactate : saponification equiv. found, 116; calc., 118); (iv) 64 g., b. p. 120°/70 mm.—186°/ 
43 mm. (unchanged sulphite); a residue (18 g.) of viscous high-boiling liquid, apparently 
lactide. Fraction (i) contained acetaldehyde: it was united with fraction (ii) and washed 
with aqueous sodium carbonate; the residual 14 g. of ethyl acrylate, dried and fractionated, 
gave 10 g. of almost pure ester, b. p. 95—100°. The exit gases from the pyrolysis tube con- 
tained ethylene and sulphur dioxide. 

In a second pyrolysis, carried out at 485—495° with 83 g. of the sulphite (5 g./min.), exten- 
sive decomposition occurred. Only 33 g. of liquid were collected, from which 10 g. of crude 
ethyl acrylate, 10 g. of crude ethyl lactate, and 12 g. of mixed ‘‘ uncracked”’ sulphite and 
lactide were obtained. 

The author thanks Mr. D. Trevor Jones, M.Sc., and Dr. Robert Burns for many helpful 
suggestions, and the Directors of Imperial Chemical Industries Limited for permission to 
publish the work. 


RESEARCH DEPARTMENT, I.C.I. (EXPLOSIVES GRoupP), LTtD., 
STEVENSTON, AYRSHIRE. [Received, March 5th, 1935.) 





246. A Synthesis of 1-Naphthol-2 : 4-dicarboxylic Acid. 
By B. K. MENon. 


CLAISEN (Annalen, 1897, 297,88) has shown that ethyl ethoxymethylenemalonate readily con- 
denses with ethyl sodiomalonate to give ethyl «y-dicarbethoxyglutaconate. In an investig- 
ation on the synthesis of «-phenylglutaconic acid (to be published later) by the condensation 
of ethyl phenylacetate and ethyl ethoxymethylenemalonate in presence of sodium ethoxide, 
it was found that, if the conditions of the experiment were altered, instead of ethyl y- 
carbethoxy-«-phenylglutaconate (I), ethyl 1-naphthol-2 : 4-dicarboxylate (II) was produced. 


OH 


C(CO,Et), 

/CH O.Et qr) 
H 
CO,Et O,Et 

The first product of the reaction was certainly (I), for its hydrolysis gave phenyl- 
glutaconic acid. But when the crude product was distilled under reduced pressure, 
decomposition set in after removal of the excess of ethyl phenylacetate and ethyl ethoxy- 
methylenemalonate and the residue consisted of (II). When the condensation was carried 
out first in the cold and then at 150°, the product was (II), for on hydrolysis it gave 
1-naphthol-2 : 4-dicarboxylic acid. 


(I.) 
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The ring closure must have taken place during heating. It bears a close resemblance 
to the production of «-naphthol by the elimination of water from y-phenyltsocrotonic acid 
(Fittig and Erdmann, Ber., 1883, 16, 43). Auwers and Moller (J. pr. Chem., 1925, 
109, 146) have shown that ethyl 6-phenylethylacetoacetate is readily cyclised by sulphuric 
acid at — 15° to 1-methyl-3 : 4-dihydro-8-naphthoic acid. 

1-Naphthol-2 : 4-dicarboxylic acid, when heated with soda-lime, gave «-naphthol. 
It coupled readily with p-nitrobenzenediazonium chloride and two products were isolated ; 
one, m. p. 242°, corresponds to the 4-f-nitrobenzeneazo-«-naphthol-2-carboxylic acid 
of Hewitt and Mitchell (J., 1907, 91, 1260), and the other, m. p. 262°, may be the isomeric 
2-p-nitrobenzeneazo-«-naphthol-4-carboxylic acid. According to Heller (Ber., 1912, 45, 
675) 4-hydroxy-l-naphthoic acid, on coupling with benzenediazonium chloride, gives 
benzeneazo-«-naphthol, the carboxyl group being eliminated. With benzenediazonium 
chloride, 1-naphthol-2 : 4-dicarboxylic acid gave a benzeneazo-a-hydroxynaphthoic acid, 
m. p. 212°. Here again it appears that 2-benzeneazo-«-naphthol-4-carboxylic acid is 
formed by the elimination of the carboxyl group in the 2-position, for 4-benzeneazo-«- 
naphthol-2-carboxylic acid melts at 194° (Grandmougin, Ber., 1906, 39, 3610). The 
author does not press this point, especially in view of Heller’s work, and the constitutions 
of these compounds have still to be elucidated. 

The condensation of ethyl ethoxymethylenemalonate with other compounds containing 
reactive methylene groups is being studied. 


EXPERIMENTAL. 


Ethyl 1-Naphthol-2 : 4-dicarboxylate (II).—To an ice-cold solution of sodium (5 g.) in absolute 
alcohol (70 c.c.), ethyl phenylacetate (36 g.) was added slowly, followed by ethyl ethoxy- 
methylenemalonate (43 g.; Claisen, Joc. cit.). Next day the alcohol (50 c.c.) was distilled under 
reduced pressure and the residue was heated at 150° for 2 hours, cooled, dissolved in water, 
and acidified with 2N-sulphuric acid (100 c.c.) in the cold. The separated oil was extracted in 
benzene, dried over anhydrous magnesium sulphate, and recovered [54 g., containing 35%, 
of the ester (II) calculated from the amount of the acid formed by hydrolysis]. On distillation 
under reduced pressure, unchanged ethyl phenylacetate and ethyl ethoxymethylenemalonate 
(120—170°/8 mm.; temp. of bath, 200—220°; wt. 12-5 g.) were obtained; the distillation was 
then stopped, as decomposition set in. When the residue (33 g.) was cooled, a solid separated, 
which was crystallised from alcohol; yield, 12 g.; m. p. 98° (Found: C, 66-4; H, 5-5. 
C,¢H,,0; requires C, 66-7; H, 5-55%). The ester gave a green coloration with ferric chloride. 
The residual liquor contained 50% of the ester (II) and was utilised for the preparation of the 
acid. 

1-Naphthol-2 : 4-dicarboxylic Acid.—The ester (II) (5 g.) was boiled with caustic potash 
(4 g. in 10 c.c. of water and 20 c.c. of alcohol) for 3 hours. The alcohol was then distilled off, 
and the residue diluted with water and acidified. The solid acid was collected, dissolved in 
sodium bicarbonate solution, and recovered (3-8 g.). It separated from alcohol in microscopic 
crystals, m. p. 304° (decomp.), which in alcoholic solution showed a blue fluorescence and gave 
a green coloration with ferric chloride (Found: C, 62-0; H, 3-55. C,,H,O; requires C, 62-1; 
H, 3-5%). 

A mixture of the acid (1 g.) and soda-lime (6 g.) was heated, and the distillate caught in 
caustic soda solution. Saturation with carbon dioxide precipitated a-naphthol, m. p. and mixed 
m. p. 93—94°. 

4-p-Nitrobenzeneazo-a-naphthol-2-carboxylic Acid.—1-Naphthol-2 : 4-dicarboxylic acid (1 g.) 
was dissolved in sodium bicarbonate (3 g.) solution and coupled with p-nitrobenzenediazonium 
chloride prepared from p-nitroaniline (0-6 g.), sodium nitrite (0-4 g.), and concentrated hydro- 
chloric acid (2 c.c.). The precipitated azo-compound was crystallised from nitrobenzene. 
The first crop melted at 242° (Found: N, 12-7. Calc. for C,,H,,O,N,: N, 12-5%), and the 
second crop at 262° (Found: N, 12-25%), both with decomposition. Hewitt and Mitchell 
(loc. cit.) give m. p. 242° for 4-p-nitrobenzeneazo-a-naphthol-2-carboxylic acid. Both substances 
gave deep blue solutions in caustic soda. 

1-Methoxynaphthalene-2 : 4-dicarboxylic Acid.—1-Naphthol-2 : 4-dicarboxylic acid (1 g.) 
was methylated with methyl sulphate (1-5 g.) and caustic soda, and the product worked up in the 
usual way. It formed crystals from dilute alcohol, m. p. 252° (decomp.) (Found: C, 63-1; 
H, 4:05. C,3H,,O, requires C, 63-4; H, 4-1%). 
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The amide, m. p. 198° (decomp.) (Found: N, 11-2. C,,;H,,0;N, requires N, 11-5%), and 
the anilide, m. p. 262° (decomp.) (Found: N, 7-2. C,;H,.O,N, requires N, 7-1%), were crystal- 
lised from dilute alcohol. 


The author thanks Professor D. H. Peacock for his help, and the University of Rangoon for 
a grant. 
UNIVERSITY COLLEGE, RANGOON, BuRMA. [Received, March 25th, 1935.] 





247. The Supposed Isolation of a Second Form of BB-Dimethylcyclo- 
hexanone. Ring Rearrangement during Clemmensen Reduction. 


By A. N. Dey and R. P. LINSTEAD. 


THREE claims have recently been made of the isolation of simple isomeric cyclohexane 
derivatives corresponding to the two multiplanar (Sachse) forms of the ring. Khuda 
(J. Ind. Chem. Soc., 1931, 8, 277) announced the isolation of four forms of 4-methyleyclo- 
hexane-1l-acetic-2-carboxylic acid, but this has been corrected by Goldschmidt and Grafinger 
(Ber., 1935, 68, 279). Zelinsky and Tarassowa (Amnalen, 1934, 508, 115) obtained what 
appeared to be two acetylcyclohexanes, but the possibility that one of these is an acetyl- 
methylcyclopentane is not excluded by the experimental evidence and is, indeed, quite 
reasonable, for the ketone was formed by a reaction involving the use of aluminium chloride. 
There remains the statement of Khuda (Nature, 1933, 132, 210) that 68-dimethylcyclo- 
hexanone exists in two forms. 

The well-known form of this ketone (semicarbazone, m. p. 195°), first prepared from 
88-dimethylpimelic acid, was obtained by Crossley and Renouf (J., 1907, 91, 63) by an in- 
direct reduction of dimethyldihydroresorcinol. Khuda reduced this substance directly 
by the Clemmensen method to an isomeric monoketone (semicarbazone, m. p. 162°). 
No details of this work have appeared, and as the Clemmensen reduction of cyclic 1 : 3- 
diketones was under study in these laboratories for synthetic purposes, it became necessary 
to re-examine these substances. 

We find that dimethyldihydroresorcinol is reduced by Crossley’s and Khuda’s procedures 
to two different saturated monocyclic ketones, CgH,,0, the semicarbazones of which melt 
at 195° and 168°. Crossley’s ketone is undoubtedly 3 : 3-dimethylcyclohexanone, and its 
oxidation to $$-dimethyladipic acid has been confirmed. The Clemmensen reduction 
yielded the new ketone, together with a fully reduced hydrocarbon as by-product. Both 
the ketone and the hydrocarbon had lower b. p.’s, densities, and refractive indices than the 
authentic cyclohexane isomerides (see table), and the differences were so large as to suggest 
that the new compounds contained a smaller ring. 

The second ketone was oxidised by potassium permanganate to aa«-dimethylsuccinic 
acid, and by nitric acid to a mixture of this and aa«’-trimethylglutaric acid. No dimethyl- 
adipic acid could be detected. This suggested that the ketone was 2 : 4: 4-trimethyleyclo- 
pentanone, which had been made by Wallach (Amnalen, 1918, 414, 331), and the close 
agreement between the properties of the two ketones supports the suggestion. 


Ketone. B. p. ais’, nis. M. p. of semicarbazone. 
3 : 3-Dimethylcyclohexanone 175°/757 mm. 0-907 * 1-448 * 195° (decomp.) 
2:4:4-Trimethylcyclopentanonet... 160—161 0°8785 1-433 171—173° 
““Clemmensen ketone ’’ 160/768 mm. 0°879 1:433 168 (no decomp.) 
* v. Auwers and Lange, Annaien, 1913, 401, 325. t Wallach (Joc. cit.). 
(The experimental figures have been corrected for temperature to facilitate comparison.) 


Conclusive proof of structure was provided by the oxidation of the ‘‘ Clemmensen 
ketone” by Beckmann’s mixture to y-acetyl-6$-dimethylbutyric acid (cf. Wallach, loc. 
ctt.), which was identified by a comparison of its semicarbazone with a synthetic sample. 
The keto-acid was synthesised for this purpose by adding malonic ester to mesityl oxide, 
and hydrolysing and decarboxylating the product. Hence the Clemmensen reduction of 
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dimethyldihydroresorcinol is accompanied by a molecular rearrangement, and the ketonic 
product is 2 : 4 : 4-trimethyleyclopentanone. 

There is therefore no satisfactory evidence for the existence of isomeric cyclohexane 
compounds derived from the “ C ” and from the “‘ Z” form of the ring. It appears that the 
energy required for the interconversion of such forms is so small (Mills) that their isolation 
as separate individuals under ordinary conditions is not possible, and the number of isolable 
isomerides is that which would be expected if the ring were planar. The isolation of a 
greater number than this (cf., e.g., Desai and Hunter, Nature, 1935, 135, 434) must therefore 
be viewed with caution both on theoretical grounds and in the light of the present work 
and that of Goldschmidt and Grafinger. 

The positive result of this work—the discovery that the carbon skeleton of a diketone 
can be rearranged during reduction—is new, although the change of the cyclohexane into 
the methylcyclopentane system is well established through the work of Hantzsch, Zincke, 
Wallach, Zelinsky, Nenitzescu, and others. It is intended to investigate further the 
structural factors necessary for this change, which has some formal resemblance to the 
pinacone—pinacolin and the Wagner—Meerwein rearrangement. 


EXPERIMENTAL. 


3 : 3-Dimethylcyclohexanone, prepared by Crossley and Renouf’s method (loc. cit.), yielded a 
semicarbazone which crystallised from dilute methanol in thin needles, m. p. 195—196° (charr- 
ing). From this, the ketone was regenerated in good yield, b. p. 174—175°/757 mm. The pure 
ketone (2-50 g.) was oxidised on the steam-bath under reflux with 450 c.c. of 3% potassium per- 
manganate, added during 41 hrs. The crude dimethyladipic acid was isolated following Crossley 
and Renouf, and purified by extraction with cold chloroform and several crystallisations from 
water. If formed bold, transparent prisms, m. p. 88°, alone or admixed with an authentic 
sample. It gave Crossley and Renouf’s colour reaction with resorcinol, and yielded 3: 3-dimethyl- 
cyclopentanone on cyclisation [semicarbazone, m. p. 177—178°; Blanc (Bull. Soc. chim., 1908, 
3, 778) gives 178—179°}. 

Clemmensen Reduction.—Dimethyldihydroresorcinol (25 g.) was refluxed for 6 hours with 
100 g. of amalgamated zinc and 150 c.c. of concentrated hydrochloric acid. The solution, at 
first clear, became opalescent, then dirty-green, and finally an oily layer separated. This was 
removed with ether, and the extract washed successively with ammonium sulphate solution, 
dilute alkali, and water, dried, and distilled. Practically all the material was contained in two 
fractions, b. p. 95—130° and 160—175°. The first fraction after two distillations boiled at 
110°/754 mm.; it was washed with sodium bisulphite, dried (potassium carbonate), and distilled 
over sodium. It then had b. p. 106—107°/767 mm., n'§* 1-4240, d{2° 0-7764, [Rz]p 36-84 
(Calc., 36-94). [For 1: 1-dimethylcyclohexane, v. Auwers and Lange (Amnalen, 1915, 409, 
150) give b. p. 125°/761 mm.; n\¥ 1-4310, di? 0-7851. For 1: 1: 3-trimethylcyclopentane, 
Zelinsky and Uspenski (Ber., 1913, 46, 1470) give b. p. 115—116°/760 mm., n°} 1-4223, d} 
0-7703.] 

The second fraction was distilled twice, and boiled almost completely at 159—162°. This 
fraction (2-83 g.) had m4 1-4365, d'42° 0-8839, [R,]p 37-30 (Calc., 36-96) (Found: C, 76-0; 
H, 10-8. Calc. forC,H,,0: C, 76-1; H, 11-2%). 

It did not decolorise bromine in chloroform, or neutral or acid permanganate. The smell 
was stronger and more peppermint-like than that of Crossley’s ketone. The semicarbazone, 
m. p. (crude) 164°, formed glistening leaflets from dilute methanol, m. p. 168°. It was much 
more soluble in alcohol than Crossley’s semicarbazone and, unlike the latter, did not decompose 
on melting. Addition of light petroleum to its ethereal solution precipitated it as a crystalline 
powder (Found : C, 58-9; H, 9-4; N, 22-9. Calc. forC,H,,ON,: C, 59-0; H, 9-3; N, 22-9%). 
From it, by means of oxalic acid, the ketone was regenerated almost quantitatively, b. p. 
160°/768 mm., 5" 1-4347, d%°° 0-8813, [Rz]p 37-31 (Found: C, 76-1; H, 11-2. Calc.: 
C, 76-1; H, 11-2%). This yielded the same semicarbazone (m. p. 167°). 

Oxidation.—(1) 1-4 G. of the ketone were warmed with a mixture of 12-5 c.c. each of concen- 
trated nitric acid and water. After the vigorous reaction had subsided, the mixture was warmed 
for } hr. (steam-bath) under reflux, and then evaporated to dryness. The residue was extracted 
with chloroform, and the extract left ina vacuum desiccator. The sticky solid obtained from the 
extract was triturated with small amounts of light petroleum. Evaporation of the petroleum 
left a hard solid, which crystallised from hydrochloric acid in clusters of transparent, flattened 
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needles, which melted sharply at 98°, depressed the m. p. of 66-dimethylglutaric acid, and had 
the properties of ax«’-trimethylglutaric acid (Found: C, 54-7; H, 8-0. Calc. : C, 55-2; H, 8-1%). 
The residue insoluble in light petroleum was crystallised from hydrochloric acid and boiled 
with a little benzene. The insoluble portion was identified as a«-dimethylsuccinic acid (m. p. 
and mixed m. p.). 

(2) 3-15 G. of ketone were oxidised during 45 hrs. with 700 c.c. of warm 3% potassium per- 
manganate, added in small portions. The product was filtered, decolorised with sulphur 
dioxide, evaporated to dryness, and the residue acidified with concentrated hydrochloric acid 
and extracted first with ether and then with acetone. The residue from the ethereal extract, 
which smelt strongly of acetic acid, was ground with light petroleum and left on a porous tile. 
The hard solid (1-85 g.) was boiled with benzene (in which it was sparingly soluble) and crystal- 
lised from water, a«-dimethylsuccinic acid being obtained, m. p. and mixed m. p. 142°. Only 
a trace of lower-melting and more soluble material could be isolated. The acetone extract gave 
the same acid (1-2 g.). 

(3) The ketone was oxidised with Beckmann’s mixture, following Wallach (loc. cit.). The 
ethereal solution of the product was extracted with dilute alkali, acidified, and again extracted 
with ether. The residue from the ether gave the semicarbazone of y-acetyl-86-dimethylbutyric 
acid in excellent yield, as glassy prismatic aggregates, m. p. 172° alone or admixed with synthetic 
material (below). 

Synthesis of y-Acetyl-BB-dimethylbutyric Acid.—This substance has been made by Khuda 
(J., 1929, 206) by the interaction of ethyl cyanoacetate or cyanoacetamide and mesityl oxide. 
The preparation by the use of malonic ester proceeds equally well. A mixture of mesityl oxide 
(98 g.), malonic ester (160 g.), sodium ethoxide (from 2-3 g. sodium and 25 c.c. of alcohol), and 
ether (100 c.c.) was refluxed for 24 hrs. The product was neutralised with the calculated quan- 
tity of alcoholic hydrogen chloride, and the solvents removed under reduced pressure. On 
distillation, the residue yielded 50% of ethyl a-carbethoxy~y-acetyl-66-dimethylbutyrate, b. p. 
160°/20 mm. (Khuda, Joc. cit.) (Found : C, 60-2; H, 8-4. Calc. : C, 60-5; H, 8-5%). This was 
converted through the malonic acid into y-acetyl-66-dimethylbutyric acid, the semicarbazone 
of which melted at 172° (Found : C, 50-1, 50-0; H, 7-8, 7-7; N, 18-8. Calc.: C, 50-2; H, 7-3; 
N, 19-5%). 


IMPERIAL COLLEGE, LonpDoNn, S.W. 7. [Received, May 4th, 1935.] 





248. Fused Carbon Rings. Part V. Methods for the Synthesis of 
Reduced Dicyclic Systems. 


By J. W. Barrett, A. H. Cook, and R. P. LINsTEAD. 


In view of the lack of general methods for the synthesis of the important alicyclic systems 
containing two or more fused ortho-rings, a number of processes have been under review, 
and experiments along three lines are now described. 

(1) We first attempted to generalise the method by which the 8-bicyclooctanones had 
been prepared (Linstead and Meade, J., 1934, 935), depending primarily upon the con- 
densation of cyanoacetic ester with a cyclic ketone containing an aliphatic ester group on 
the a-carbon atom. We now find that the ease with which this condensation proceeds 
depends upon the degree of substitution of the ring carbon atoms adjoining the keto- 
group. The reaction may be represented as 


CR,R, CR,R, 


CN 
(I.) icf, ‘co — icf, Serec (IL) 


CO,Et(Me) 
HR, GR, at 


When R, is of the type [CH,].°CO,Et or [CH,],*CO,Me (x = 0, 1, or 2), condensation occurs 
if R, and R, are both hydrogen, but if esther R, or R, is an alkyl group, condensation 
either does not occur or is extremely slow. This is illustrated in the following table. 

4A 





Barrett, Cook, and Linstead : 


Substituents in I. 
—~ Amount of Time of 


catalyst, %.* reaction. 
15 4 hours 
4 14 days 
5 S w 
18 42 ,, 
8 8 months 
27 6 ly 





Pa 


# 


but bt fat bot ot 


R,. 
H 
CH,°CO,Et 
CH,°CH,°CO,Et 
CH,°CH,°CO,Me 
CO,Et 
CH,°CO,Me 
CH,°CO,Me 27 6 
CH,°CH,°CO,Me 28 6 » 
CH,°CH,°CO,Me H Me 27 S « 
* The amount of catalyst (piperidine) is given as a percentage of the weight of cyanoacetic ester. 


The fact that keto-esters in which R, is methyl do not condense prevents the use of 
the method for the synthesis of dicyclic compounds containing a bridge methyl group. 
The inhibiting effect of the alkyl groups can scarcely be due to a suppression of enolisation, 
and must therefore be attributed to steric hindrance. A methyl group on the 8-carbon 
atom does not prevent condensation (unpublished work by Dr. R. L. Jones). When con- 
densation occurs, the process is more efficient than the above yields indicate, for a large 
proportion of the uncombined reagents can be recovered. When condensation is inhibited, 
the piperidine and cyanoacetic ester—particularly the methyl ester—combine to give 
cyanoacetopiperidide. 

cis-B-Decalone was synthesised from cyclohexanone by this method as follows. The 
ketone was converted into methyl cyclohexanone-2-8-propionate (cf. Haworth and Mavin, 
J., 1933, 1012), and this was condensed to dimethylcyclohexylidene-1-cyanoacetate-2-8- 
propionate. The saturated cyano-ester obtained from this yielded with boiling hydro- 
chloric acid a little cis-8-decalone and mainly cis-cyclohexane-1-acetic-2-8-propionic acid 
(III) (Hiickel, Annalen, 1925, 441, 1), which gave cis-8-decalone on cyclisation with baryta. 

The unsaturated cyano-ester from ethyl 2-methylceyclopentanone-2-carboxylate, on 
reduction and hydrolysis, yielded 1-methylcyclopentane-1-carboxy-2-acetic acid (probably 


wetorotoerotors & 
ote} 
o 


cis-) (IV), which contains an arrangement of substituents identical with that postulated 
for ring C of ztiobilianic acid. 


Me 


\.CH,CO,H —CO,H 
Oi) | CH}CH;-CO,H ‘ i 
yy 2 2 


(2) The second method examined was the Michael addition of sodio-esters to unsaturated 
cyclic ketones and esters. Kon and Khuda (J., 1926, 3071) prepared decalin-1 : 3-dione 
from acetylcyclohexene by this process, which has been extended to the synthesis of alkyl- 
decalins by Ruzicka, Koolhaas, and Wind (Helv. Chim. Acta, 1931, 14, 1151; cf. Clemo, 
Chem. and Ind., 1935, 54, 314). Kon and Khuda’s oxidations of decalin-1 : 3-dione were 
anomalous, for sodium hypobromite was stated to yield cis-cyclohexane-1-carboxy-2-acetic 
acid and permanganate to give trans-cyclohexane-1 : 2-dicarboxylic acid. The first of these 
results was doubtful, because the dicyclic substance must be mainly trans-, as deduced from 
the method of preparation and the physical measurements of Ruzicka, Koolhaas, and Wind. 
Repetition of these oxidations showed that, in fact, both the acids were of the ¢rans-series, 
that obtained by the use of hypobromite being the trans-cyclohexane-1l-carboxy-2-acetic 
acid (m. p. 156—157°) of Windaus, Hiickel, and Reverey (Ber., 1923, 56, 91). 

A promising line of attack was blocked by the fact that a partial Clemmensen reduction 
of decalin-1 : 3-dione only yielded a trace of mono-ketone. This reduction might be accom- 
panied by rearrangement of the ring, as in the analogous formation of trimethyleyclo- 
pentanone and trimethylcyclopentane from dimethylcyclohexanedione (Dey and Linstead, 
preceding paper), but there is no evidence of this from the physical properties of the fully 
reduced hydrocarbon (Ruzicka, Koolhaas, and Wind, Joc. cit.). This difference between 
the simple and the fused cyclohexane ring may be due to the fact that the formation of an 
intermediate three-membered ring is easier in the case of the less rigid single ring. 

Ethyl sodioacetoacetate added to ethyl A!-cyclopentenecarboxylate to yield a mixture 
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of ethyl trans-cyclopentane-1-carboxylate-2-acetoacetate (V) and ethyl trans-cyclopentane- 
1-carboxylate-2-acetate (VI), formed by ketonic fission of the primary addition product, but 


ay 7 OO iG, me me 
(v.) < 
Ee preeitrraere, /CH,CO,Et 


little or no dicyclic material. Ethyl sodioacetoacetate reacted with acetylcyclohexene, on 
the other hand, to yield trans-3-methyl-A*-octal-1-one (VII) and the corresponding keto-ester 
(VIII). Theintermediate -- re cyclise in two ways to yield ultimately the ketones (VII) 


CO COMe CMe 


hk - OS 
‘ 


CH(CO,Et)-COMe ¥ 
Yer 
(VII.) (VIII.) (IX.) (X.) 


or (X). The ketone was reduced successively to trans-3-methyl-«-decalone and trans-2- 
methyldecalin, the latter resembling the material prepared by Ruzicka by a different method. 
The physical properties of both ketone and hydrocarbon placed them in the ¢rans-series, 
as anticipated from the method of formation. Rather surprisingly, the hydrocarbon was 
dehydrogenated by selenium at 320—350° to 2-methylnaphthalene. This proved that the 
unsaturated ketone had the structure (VII) and not the alternative, (X). In agreement 
with this, it did not yield a benzylidene compound. 

(3) In view of the recent extension of the Friedel-Crafts reaction to the alicyclic series, 
the ring-closure of cyclopentane-B-propionyl chloride to «-bicyclooctanone was attempted. 
The acid was easily prepared by reduction of cyclopentanone-2-8-propionic acid, but no 
simple ketone could be obtained by its dehydration or through the acid chloride. In 
view of this failure and that recorded by Bradfield, Jones, and Simonsen (J., 1934, 1810), 
this line of attack was not pursued. 


EXPERIMENTAL. 


(1) cis-8-Decalone.—cycloHexanone-2-8-propionic acid melted at 66° in agreement with 
Haworth and Mavin. A mixture of 84 g. of its methyl ester (b. p. 140°/10 mm.), 46 g. of methyl 
cyanoacetate, and 8 g. of piperidine was left for 6 weeks at room temperature. Distillation of 
the dark red mixture gave (i) a little water and piperidine; (ii) 70% of unreacted esters, b. p. 
108°/30 mm.—145°/15 mm.; (iii) cyanoacetopiperidide, b. p. 150—160°/1 mm., ca. 8 g.; 
(iv) the unsaturated cyano-ester, b. p. 175—185°/1-5 mm. On redistillation, fraction (iv) 
gave 20 g. (17%) of dimethyl cyclohexylidene-1-cyanoacetate-2-B-propionate (II; n = 3, Ry = 
CH,°CH,°CO,Me; R,,R,; = H,H), b. p. 178—180°/1-5 mm., unsaturated to permanganate 
and stable on keeping (Found: C, 63-6; H, 7:25. C,,H,,O,N requires C, 63-4; H, 7:2%). 
Fraction (iii) solidified rapidly; the cyanoacetopiperidide crystallised from aqueous alcohol in 
large prisms, m. p. 88—89°. It yielded piperidine in quantity when boiled with alkali, and 
appears to be identical with Guareschi’s product (Beilstein, III Edn., IV, 12) (Found : C, 63-0; 
H, 7-8. C,H,,ON, requires C, 63-2; H, 7-9%). ; 

The unsaturated cyano-ester was reduced by aluminium amalgam in moist ether, giving 
13 g. (65%) of dimethyl cyclohexane-1-cyanoacetate-2-B-propionaie, a thick colourless oil, b. p. 
165°/1 mm. (Found: C, 63-0; H, 7-8. C,gH,,O,N requires C, 62-9, H, 7:9%). 12 G. of this 
ester were hydrolysed (20 hrs.) with 36 c.c. of concentrated hydrochloric acid, the product dis- 

- tilled in steam until the distillate no longer smelt of ketone, and the residue evaporated to dryness 
under reduced pressure. The distillate on neutralisation, etc., gave 0-4 g. of cis-f-decalone 
semicarbazone, prisms from dilute alcohol, m. p. 183° (decomp.). The residue was dissolved 
in aqueous sodium carbonate and freed from neutral impurities with ether. The alkaline 
solution was then acidified, and the acid isolated by means of ether as a thick oil which deposited 
clusters of hard crystals after a few weeks. These were freed from oil and crystallised thrice 
from dilute alcohol. cis-cycloHexane-1-acetic-2-8-propionic acid (III) formed small prisms, 
m. p. 109—110° (cf. Hiickel, Joc. cit.) (Found: C, 61-6; H, 8-4; equiv., 106-5. Calc. for 
C,,H,,0,, dibasic : C, 61-7; H, 8-4%; equiv., 107). The yield of solid acid was 42% ; no trans- 
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acid could be isolated from the residual oil. The cis-dianilide melted at 165° (Hiickel, 163°) 
after two crystallisations from dilute methanol. 1-5 G. of the cis-acid were ketonised smoothly 
at 280—300° in the presence of a few crystals of baryta. The cis-B-decalone was identified as 
the semicarbazone, m. p. 182—183° (decomp.) (Hiickel, 182°), identical with that obtained in 
the steam distillation above (Found: N, 20-4. Calc. for C,,H,,ON,: N, 20-1%). The yield 
of pure semicarbazone was 73%, and 2% of cis-acid was recovered. 

The condensation of 2-methylcyclohexanone with ethyl $-bromopropionate gave a con- 
siderably better yield (83%) of mixed 2-methylcyclohexanone-2- and -6-propionic esters than 
that reported by Ruzicka, Koolhaas, and Wind (/oc. cit., p. 1169). These were separated by 
Ruzicka’s method. Both failed to condense with cyanoacetic ester under the conditions 
given in the table. The corresponding methyl 2-methylcyclopentanone-2- and -5-8-propionates 
were prepared by the usual procedure from 2-methylcyclopentanone, sodamide, and methyl 
chloroacetate (40% yield), and were separated by Ruzicka’s method into 43% of the 2 : 2-ester 
and 8% of the 2: 5-ester, both of which boiled at 110°/12 mm. Neither ester condensed with 
cyanoacetic ester under the conditions given in the table. 

200 G. of ethyl 2-methylcyclopentanone-2-carboxylate, 130 g. of ethyl cyanoacetate, 
and 10 c.c. of piperidine gave after 8 months 10 g. of condensation product, b. p. 150—157°/1 
mm., which was reduced to the saturated cyano-ester, b. p. 148—150°/1 mm. (7 g.).. Hydrolysis 
in the usual way gave a gum which slowly crystallised. The solid 1-methyicyclopentane-1- 
carboxy-2-acetic acid (IV) crystallised in small cubes from benzene—petroleum, m. p. 124—125° 
(125—126° after a further crystallisation from water, in which it was quite soluble) (Found : 
C, 58-0; H, 7-6; equiv., 94. C,H,,0,, dibasic, requires C, 58-1; H, 7-5%; equiv., 93). 

(2) Michael Additions.—Decalin-1 : 3-dione, obtained as a crystalline solid, m. p. 142°, in 
agreement with Kon and Khuda (contrast Ruzicka, Koolhaas, and Wind, /oc. cit.), was oxidised 
with sodium hypobromite by their method. The carboxy-acetic acid after crystallisation 
melted at 156—157° (Windaus, Hiickel, and Reverey, loc. cit.). Permanganate oxidation of the 
dione yielded ¢vans-hexahydrophthalic acid, m. p. and mixed m. p. 220°, sparingly soluble 
in ether. 

Ethyl A}-cyclopentenecarboxylate (Cook and Linstead, J., 1934, 959) was refluxed over- 
night with equimolecular amounts of ethyl acetoacetate and alcoholic sodium ethoxide (steam- 
bath). The product was separated by distillation into 23% of ethyl trans-cyclopentane-1- 
carboxylate-2-acetate (VI), b. p. 148°/16 mm. (Cook and Linstead, Joc. cit.), and 8% of ethyl 
trans-cyclopentane-1-carboxylate-2-acetoacetate (V), b. p. 176°/16 mm. (Found: C, 62-6; H, 81. 
C,,H,,0,; requires C, 62-2; H, 8-1%). A small amount of a solid, m. p. 64°, which was soluble 
in alkali and probably dicyclic, was also isolated. 

Acetyleyclohexene (Darzens, Compt. rend., 1910, 150, 707) was similarly condensed 
with ethyl sodioacetoacetate (1 mol.; 5 hrs.). Scarcely any acidic product was formed, 
and the neutral material consisted of 15% of unchanged reactants, 10% of trans-3-methyl-A?- 
octal-l-one (VII) and 30% of ethyl trans-3-methyl-A?-ocial-1l-one-4-carboxylaie (VIII). The 
former (Found: C, 80-3; H, 9-6. C,,H,,O requires C, 80-5; H, 9-8%) boiled at 110— 
111°/10 mm. and immediately reduced neutral permanganate. The latter (Found: C, 70-9; 
H, 8-6. C,,H,,O, requires C, 71-2; H, 8-5%) boiled at 180°/9 mm., was unsaturated to perman- 
ganate, and gave a violet colour with ferric chloride. Catalytic reduction of the ketone in 
alcohol over Adams’s platinum gave a 45% yield of trans-3-methyl-a-decalone, together with some 
high-boiling auto-condensation products. The semicarbazone formed small needles, m. p. 
203—205°, from dilute pyridine (Found: C, 65-1; H, 9-5. C,,H,,ON; requires C, 64-6; H, 
9-4%); from this, the ketone was regenerated, b. p. 120°/8 mm., u}?* 1-4853, diI* 0-9815, [Rz]p 
48-58 (calc., 48-61) (Found: C, 79-1; H, 11-0. C,,H,,O requires C, 79-5; H, 10-8%). The 
semicarbazone, on distillation with potash and a little palladised barium sulphate, yielded 
tvans-2-methyldecalin, which after purification in the usual way (cf. J., 1934, 956) had b. p. 
78°/14 mm., ul?* 1-4761, di“ 0-8712, [Rz]p 48-84 (calc., 48-60) (Found: C, 86-5; H, 13-0. 
Calc. for C,,H,, : €, 86-8; H, 13-2%). These constants are in reasonably good agreement with 
those of Ruzicka, Koolhaas, and Wind (oc. cit., p. 1154), who give b. p. 76°/12 mm., 2" 1-4681, 
@° 0-8670; [R,]p 48-75. The hydrocarbon was dehydrogenated over selenium for 18 hrs. at 
320—350° (bath temp.). The product, isolated in the usual way, gave a poor yield of an oil 
which readily formed a picrate. This crystallised from alcohol in yellow needles, m. p. 115° 
alone or admixed with the picrate of authentic B-methylnaphthalene. 

(3) 60 G. of cyclopentanone-2-8-propionic acid (Cook and Linstead, J., 1934, 953) were refluxed 
for 6 hrs. with 200 c.c. of concentrated hydrochloric acid and 200 g. of amalgamated zinc. 
The reduced acid, isolated by means of ether, gave on fractionation 29 g. of cyclopentane-2- 
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8-propionic acid as a colourless mobile liquid which solidified in ice; b. p. 131°/6 mm., nj* 
1-4594, di7* 1-0100, [Rz]p 38-51 (calc., 38-52) (Found: C, 68-0; H, 10-0. C,H,,O, requires 
C, 67-6; H, 9-9%). 17 G. of unchanged keto-acid (b. p. 175°/10 mm.) were recovered. The 
following derivatives of cyclopentanepropionic acid were prepared: ethyl ester (88% yield, 
Fischer—Speier method at room temperature), pleasant-smelling liquid, b. p. 90°/9 mm. (Found : 
C, 70-5; H, 10-6. C,9H,,O, requires C, 70-6; H, 10-6%); acid chloride (thionyl chloride at 
90°), b. p. 66°/1-5 mm. (Found: Cl, 21-7. CgH,,OCl requires Cl, 22-1%); anilide (from the 
acid chloride), long needles from dilute acetic acid, m. p. 110° (Found: C, 77-5; H, 8-5. 
C,4H,,ON requires C, 77-4; H, 8-8%). The acid yielded no «-bicyclooctanone when distilled 
over phosphoric oxide. The acid chloride reacted vigorously when treated with aluminium 
chloride in light petroleum, but only a yellow waxy solid could be isolated from the product. 


We thank the Chemical Society and the Royal Society for grants. 
IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, May 4th, 1935.] 





249. Fused Carbon Rings. Part VI. Optical Activity connected with 
the Presence of Multiplanar Rings. 


By J. W. Barrett and R. P. LINSTEAD. 


WHEN two polymethylene rings are fused in the ortho-position, the bridge carbon atoms 
(C,, C,) acquire a special stereochemical interest. If the rings are fused by czs-valencies, 
the compound is of the meso-type. If the locking is trans- (I) and the valency angles are 
approximately tetrahedral, then the two component rings will be multiplanar; e.g., C, 
must lie out of the plane of C,, C,, Cs. If the two rings differ in any respect, then C, and 
C, become asymmetric and the substance will exist in enantiomorphous forms; for instance, 


— a ; H,°CO,H 


se” (II.) (IIT.) (IV.) (V.) (VI.) 


trans-8-hydrindanone (II) should exist in optically active forms, and the same is true of 
trans-hydrindane (III). ¢trans-8-bicycloOctanone (IV), on the other hand, although itself 
capable of existence in two optically isomeric forms, should yield an inactive hydrocarbon 
(V), in which the bridge carbon atoms are no longer asymmetric. 

trans-cycloHexane-| : 2-diacetic acid (VI; x = 4) was resolved by means of its cinchon- 
idine salt.* Both the d- and the l-acid were cyclised in the presence of a trace of baryta 
to d- and |-trans-8-hydrindanones. The /-ketone was reduced by the Clemmensen method 
to |-trans-hydrindane. trans-cycloPentane-1 : 2-diacetic acid (VI; x = 3) was resolved 
by means of its brucine salt, but only the l-acid could be obtained in any quantity. This 
was converted into d-trans-8-bicyclooctanone, which on reduction yielded trans-bicyclo- 
octane, optically inactive and identical with that prepared by the reduction of di-ketone 
(this vol., p. 436). The specific rotations (A 5461) of these substances are shown below : 

Acid. Ketone. Semicarbazone. Hydrocarbon. 

cycloHexane SETICS ..........sseeeeeeeeeeseees ba + —337°2° ; =. —10°8° 
cycloPentane series { +62°3 +437 +139°6 nil 


The main features of these figures are the great increase in rotatory power and inversion 
of sign on the conversion of active acid into active ketone, and the fall in rotatory power 
accompanying the reduction of /-trans-B-hydrindanone. These are all paralleled in the 
terpene group. 

* Hiickel and Friedrich (Annalen, 1927, 451, 132) have already given evidence that this acid can be 
resolved. They report its separation into two forms of m. p. 148—150° but give no measurements of 
rotation. 
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The active acids differed radically from the corresponding racemates in physical 
properties; curiously enough, the racemic acid was higher-melting than the active acid in 
the cyclohexane series (dl, 167°, against 152°), but the reverse was true for the cyclopentane 
compounds (d/, 132°, against 151°). Even at the high temperatures required for the con- 
version into ketone, there was no appreciable racemisation, and the small amounts of active 
acids which escaped cyclisation were practically pure. d-trans-8-bicycloOctanone is the 
first solid ketone of the series, its m. p. (41°) being high for a C, ketone. 

The present work conclusively proves the correctness of the configurations given by 
Hiickel to the cis- and ¢trans-decalins and hydrindanes, and also those advanced by Cook and 
Linstead (J., 1934, 949) for the corresponding bicyclooctanes. 


EXPERIMENTAL. 


Specific rotations were determined in a 2-dcm. tube for 4 5461. Acids were measured in 
absolute-alcoholic solution, semicarbazones in glacial acetic acid, ketones and hydrocarbons 
in purified light petroleum, b. p. 40—50°. 

cycloHexane and Hydrindane Series.—dl-trans-cycloHexane-1 : 2-diacetic acid, prepared by 
Thakur’s modification (J., 1933, 2151) of Hiickel and Friedrich’s method, formed large trans- 
parent needles and prisms, m. p. 167°. A solution of 15-7 g. of the acid and 47-2 g. of cinchon- 
idine in 160 c.c. of boiling ethyl alcohol was rapidly diluted with 2400 c.c. of boiling water. White 
crystalline balls rapidly appeared and, after standing over-night, were filtered off and washed 
thoroughly with cold water (A). The mother-liquor yielded further crops, (B) and (C), by suc- 
cessive evaporations to half bulk, and a residue (D). Fraction (A) (30 g.) after two crystallis- 
ations from boiling water yielded an acid of m. p. 149—150°, fern-like tufts of opaque needles, 
(a}'85° +. 41-9° (¢ = 2-564), probably similar to that of Hiickel and Friedrich. 3-5 G. of this 
acid were resolved as before with 10-4 g. of cinchonidine. The first crop of salt was crystallised 
twice from water, decomposed with ammonia, and filtered. The acid was isolated on acidification, 
partly as a precipitate and partly by extraction with ether, processes which gave identical 
material. d-trans-cycloHexane-1 : 2-diacetic acid formed opaque needles from water, m. p. 
152°, [a]'®* + 54-9° (c = 2-535) (Found: C, 60-2; H, 8-0. C,)9H,,O, requires C, 60-0; H, 8-0%). 
The process of resolution was repeated, but the cinchonidine salt after three crystallisations 
yielded an acid with unchanged m. p. and specific rotation. 

Fraction (B) (6 g.) gavé mainly di-acid (m. p. 163—165°) and fraction (C) (20 g.) gave an 
impure /-acid. Fraction (D) (5 g.) after three crystallisations from water gave small needles of 
the neutral cinchonidine salt of the /-acid (Found: C, 69-4; H, 7-8. C,ygHgg0,N,,2H,O requires 
C, 69-8; H, 7-8%). This yielded a l-acid, not quite optically pure, m. p. 148—149°, [a]'* 
— 47-9° (c = 1832) (Found: C, 60-1; H, 7-9. C,H,,O, requires C, 60-0; H, 8-0%). A 
mixture obtained by grinding the d- and the /-acid together melted at 164—166°; crystallisation 
of an equal mixture from water yielded an acid of m. p. 166—167°. 

A mixture of 4-7 g. of the d-acid (m. p. 152°, [«]!*° + 54-9°) with a few crystals of baryta was 
heated at 290—300°. The product was separated in the usual manner (Barrett and Linstead, 
this vol., p. 441) into ketone, isolated as semicarbazone (3-5 g.; 82%), and acid (0-1 g. from 
distillate; 0-08 g. from residue). 

Both samples of acid melted at 151° alone or admixed with pure d-acid. United, they had 
(a}**" + 53-8. The l-semicarbazone was crystallised twice from 500 c.c. of boiling methanol, and 
formed glistening leaflets, m. p. 242—243° (decomp.). It resembled the d/-semicarbazone 
(m. p. 243°) closely in solubility and did not depress its m. p. It had [a]!®° — 109-4° (c = 2-396) 
(Found: C, 61-4; H, 8-7; N, 20-8. C,,H,,ON, requires C, 61-5; H, 8-8; N, 216%). The 
pure semicarbazone was converted into 1-trans-f-hydrindanone by means of oxalic acid; the 
ketone, isolated by means of purified light petroleum (b. p. 40—50°), was twice distilled at 
83°/10 mm. The second distillate was arbitrarily divided into two fractions, the specific 
rotations of which *were identical, [«]!7*° — 337-2° (c = 2-540) (Found: C, 78-1; H, 10-2. 
C,H,,0 requires C, 78-2; H, 10-2%). By similar treatment, the /-acid (m. p. 149°, [«]!* — 47-9°) 
yielded d-tvans-8-hydrindanone, isolated as the semicarbazone, glistening leaflets from methanol 
m. p. 241—242°, [«]'®* + 96-3° (¢ = 2-014). The recovered acid had m. p. 149°, [«]!®° — 46-5°. 

1-8 G. of the pure /-ketone were reduced by means of 26 g. of amalgamated zinc, 20 c.c. of 
glacial acetic acid, and 10 c.c. of hydrochloric acid in the apparatus of Linstead and Meade 
(J., 1934, 945), hydrogen chloride being passed into the mixture during 8hrs. The hydrocarbon, 
isolated by distillation in steam and extraction with a little pure ether, was washed with sodium 
carbonate, water, semicarbazide hydrochloride solution (twice), water, concentrated sulphuric 
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acid (twice), sodium bicarbonate, and water. (This treatment was necessary to ensure removal 
of all trace of the active ketone, which, by virtue of its high rotatory power, might produce an 
appearance of activity in an inactive hydrocarbon.) The product was dried, refluxed for 3 hours 
over sodium, and distilled twice from sodium and once alone. 1-trans-Hydrindane had b. p. 
156°/747 mm.; [a]'®* — 10-8° (c = 2-129); nj§* 1-4655, di8* 0-865, [R;z]p 39-71 (calc., 39-36) 
(Found: C, 86-7; H, 13-3. C,H,, requires C, 87-1; H, 12-9%). Hiickel (‘‘ Theoretische 
Grundlagen der Organischen Chemie,’”’ Ist edtn., II, 151), quoting Sachs (Diss., Gottingen, 1928), 
gives for dl-trans-hydrindane, b. p. 158°, 3?” 1-4643, d?° 0-863, [Rz]p 39-62.* 

cycloPentane and bicycloOctane Series.—dl-trans-cycloPentane-1 : 2-diacetic acid could not 
be resolved by fractional crystallisation of its neutral or acid salts with cinchonine, cinchonidine, 
quinine, or strychnine, and the acid brucine salt was too soluble, but the neutral salt yielded 
the desired separation. A solution of 10 g. of the pure acid (m. p. 132—133°; Barrett and Lin- 
stead, Joc. cit.) in 250 c.c. of hot water was treated with 49-4 g. (2 mols.) of brucine. The solution 
deposited large, flat, transparent prisms (A), the mother-liquor from which on concentration 
yielded four further crops (B) and a syrupy residue (C). Fraction (A) (20-2 g. after being dried 
in a vacuum desiccator) crystallised from water in large prisms, often aggregated in radiating 
clusters. The once-crystallised salt yielded an acid, isolated by means of ether, with m. p. 149°, 
[a]!8° — §2-4°. After 3 and 5 crystallisations of the salt from water, the liberated acid had m. p. 
151°, [«]*® — 63-3° (c = 2-340), and m. p. 151°, [«]!®* — 63-6° (c = 2-555), respectively. The 
neutral brucine salt of the /-acid melted at 105—108° (Found: N, 6-15. C;.H,,O,,.N, requires 
N, 60%). 17-5 G. of the pure thrice-crystallised salt yielded 3-3 g. (calc., 3-4 g.) of 1-trans- 
cyclopentane-1 : 2-diacetic acid, massive, flat, hexagonal prisms or small octahedra from water, 
m. p. 151°, [a]!8° — 63-5 (c = 2-630) (Found: C, 58-0; H, 7-6; equiv., 93-0. C,H,,0,, dibasic, 
requires C, 58-0; H, 7-6% ; equiv., 93-05). An equal mixture with the d/-acid melted at 138—144°. 

The intermediate crops (B) yielded mixtures of d/- and active acids even after thorough 
crystallisation. The syrupy residue (C) was decomposed to the nearly pure d-acid, which 
crystallised in flat prisms from water, 0-6 g., m. p. 150—151°, [«]!® + 62-3° (c = 2-014) (Found: 
equiv., 93-2). An equal mixture of the d- and the /-acid melted at 132—136° when ground to- 
gether, and after crystallisation from water, at 132—133°. The active acids appear to be less 
soluble than the racemic acid in water. 

l-trans-cycloPentane-1 : 2-diacetic acid (3-2 g., m. p. 151°, [«]!®* — 63-5°) was converted into 
ketone in the same way as the d-cyclohexane acid (above), except that a temperature of 330— 
350° was necessary. Yield of semicarbazone, 1-80 g. (58%); acid recovered, 0-20 g. (9%); 
m. p. 150—151°, [a]!”" — 62-0° (c = 0-762). The active acid thus forms a ketone in approxim- 
ately the same yield and at the same temperature as the d/-acid (Barrett and Linstead, Joc. cit.). 
The semicarbazone of d-trans-8-0 : 3 : 3-bicyclooctanone crystallised from 350 c.c. of boiling 
methanol in stellate clusters of short thick prisms, m. p. 249° (no decomp.), [«]!®° + 139-6° 
(¢ = 1-074) (Found: C, 59-6; H, 7-9. C,H,,ON, requires C, 59-6; H, 8-3%). The active 
semicarbazone was practically indistinguishable in crystalline form and solubility from the d/-, 
and did not depress its m. p. On regeneration with oxalic acid and distillation in steam, the 
ketone solidified in the distillate. It was isolated by means of light petroleum, and, after distil- 
lation, formed a hard crystalline mass, which could not be recrystallised; yield 90%. d-trans- 
8-0 : 3: 3-bicycloOctanone has m. p. 41°, [«]!® + 437° (c = 1-058) (Found: C, 77-1; H, 9-4. 
C,H,,0 requires C, 77-4; H, 9-8%); it was very volatile, crystallised very readily without 
supercooling, and melted sharply. An equal mixture with the d/-ketone melted at 24—31°. 

The pure d-ketone (0-84 g.) was reduced in a small ail-glass apparatus with 10 g. of amal- 
gamated zinc, 4 c.c. of concentrated hydrochloric acid, and 8 c.c. of glacial acetic acid. The 
product was worked up in the manner described for /-tvans-hydrindane (above). 0-24 G. of 
d-semicarbazone was recovered, m. p. 249°, [a]!®° + 138-8° (c = 0-523), together with 0-36 g. of 
tvans-0 : 3 : 3-bicyclooctane, b. p. 132°/762 mm., which showed no rotation (¢ = 2-60). This 
hydrocarbon melted at — 30° to — 29° alone or admixed with that prepared from the d/-ketone. 
[The m. p. (— 36°) given for this hydrocarbon in our former paper (loc. cit., p. 437) is incorrect, 
owing to an error in the correction for stem exposure. The other m. p.’s in the same table are 
also 5° too low.] The other physical properties were also in almost exact agreement (dj*° 0-867 ; 
ni* 1-4651; [Rz]p 35-12) (Found: C, 87-2; H, 12-6. Calc. for C,H,,: C, 87-2; H, 12-8%). 


We thank the Chemical Society and the Royal Society for grants. 
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250. Walden Inversion Reactions of d-B-Butyl, d-B-Octyl, and 
d-Benzylmethylcarbinyl p-Toluenesulphonates. 


By JosEPpH KENYON, HENRY PHILLIPs, and (Miss) VALERIE P. PITTMAN. 


THE Walden inversion which occurs when #-toluenesulphonic esters of d *-secondary 
alcohols react with salts of carboxylic acids (X = O-CO-R) 


d-RO-SO,C,H, ++ MX = -RX + MO-SO,C,H, 


can be detected because, by the use of the appropriate acid chloride, d-RX can be 
prepared directly from d-ROH, a reaction in which the oxygen atom immediately 
attached to the asymmetric radical R is not disturbed. This method of detecting the 
inversion is not available when X does not contain an oxygen atom through which it 
becomes linked to R; in these cases, other methods must therefore be used to decide 
whether or not the replacement of the f-toluenesulphonoxy-group occurs with inversion. 

Rule (J., 1924, 125, 1121; Trans. Faraday Soc., 1930, 26, 321) has shown that, as the 
positive character of the substituent X increases, the magnitude of rotation of the 
derivatives, RX, either increases or decreases in a regular manner. This finding can be 
used to determine whether a series of derivatives are of the same configuration, because 
only when this is so will their rotatory powers alter in a regular manner. Series of 
derivatives have now been prepared from three d-p-toluenesulphonic esters, and, applying 
the above criterion, it has been found that, although the sulphonic esters react with salts 
with inversion, yet their reaction under certain conditions with ammonia and primary 
and secondary amines may proceed without inversion. 

8-Butyl Derivatives (with R. B. SHACKLETON).—d-(+-)8-Butyl p-toluenesulphonate was 
prepared by oxidation of the corresponding d-p-toluenesulphinic ester, obtained from 
d-(+)8-butanol and #-toluenesulphinyl chleride. (—)®-Butyl acetate, benzoate, iodide, 
thiocyanate, and selenocyanate were each prepared by heating the d-sulphonate with an 
ethyl-alcoholic solution of the appropriate sodium or potassium salt; (—)®-butyl cyanide 
was prepared in a similar manner in acetone solution. The small quantity of the 
(—)cyanide thus obtained was hydrolysed to (—)methylethylacetic acid, and since it can 
be assumed that the valency bonds of the asymmetric carbon atom were not disturbed 
during the hydrolysis, it follows that (—)methylethylacetic acid has the same configur- 
ation as (—)f-butyl cyanide. Further supplies of the (—)acid were obtained by the 
resolution of the dl-acid (Marckwald, Ber., 1896, 29, 53; 1899, 32, 1089), and were con- 
verted into the corresponding (—)acid chloride, (—)ethyl ester, and (—)amide. When 
the last was dehydrated, it yielded the (—)cyanide of the same configuration. 

(—)8-Butyl disulphide and (+-)diselenide were obtained respectively by hydrolysis of 
the (—)thiocyanate and the (+-)selenocyanate. The (—)disulphide was reduced to the 
(—)thiol, and the (—)thiocyanate was oxidised to (+-)8-butanesulphonic acid. From their 
method of preparation, it can be concluded that the (—)mercaptan, (+-)sulphonic acid 
and the (—)thiocyanate are configuratively similar. 

(—)8-Butyl ethyl, n-butyl, and phenyl ethers were prepared by heating the d-sulphonate, 
in the presence of potassium carbonate, with the appropriate alcohol or with phenol. 

The d-sulphonate condensed readily with pyridine, giving pyridinium (—)-butyl 
p-toluenesulphonate. Excellent yields of (—)N--butylpiperidine and (—)N-f-butyl-p- 
toluidine were obtained by the interaction of the d-sulphonate with the required base. 
The constitution of the former derivative was established by a comparison of the pro- 
perties of its picrate and its platinichloride with those of (—)N-8-butylpiperidine pro- 
duced by the condensation of (—)8-butylamine with pentamethylene dibromide, a method 
of preparation which proves that (—)8-butylpiperidine has the same configuration as 
(—)8-butylamine. Confirmatory evidence that -toluenesulphonic esters yield N-sub- 
stituted derivatives is afforded by the identity of the m. p.’s of the picrates and the 


* The sign d- and /- are used to denote configurations; (—) and (+) signify levo- and dextro- 
rotation respectively. It is assumed throughout that all the (+-) alcohols used possess the d-configuration. 
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platinichlorides of the piperidyl derivative obtained from n-butyl p-toluenesulphonate 
with those of similar salts of N-n-butylpiperidine produced by the condensation of 
n-butylamine with pentamethylene dibromide. 

By the action of aqueous ammonia on the d-sulphonate, (—)$-butylamine was obtained 
in small yield and isolated as its hydrochloride. The rotatory power of the hydrochloride 
being very small (Thomé, Ber., 1903, 36, 582), the amine was converted into its benzoyl 
derivative, which has a high rotation (Pope and Gibson, J., 1912, 101, 1702). 

d-8-Butyl -toluenesulphonate reacted with Grignard reagents in a manner similar to 
that with which it reacted with salts. Whereas, however, it gave (—)$-butylbenzene 
when treated with phenylmagnesium bromide, (—)$-butyl bromide was the main product 
when ethylmagnesium bromide was used. This agrees with the experience of Gilman 
and Beaber (J. Amer. Chem. Soc., 1925, 51, 518), who found that when R in RMgX is of 
low molecular weight, as in propyl- and m-butyl-magnesium bromides, the yield of hydro- 
carbon obtained by the action of RMgX on a #-toluenesulphonic ester is low; but that 
when R is of high molecular weight, as in lauryl- and phenyl-magnesium bromides, good 
yields are obtained. Ethyl «-p-toluenesulphonoxypropionate would appear to be an 
exception to this rule, since it yields the «-bromo-derivative with both ethyl- and phenyl- 
magnesium bromides (Kenyon, Phillips, and Turley, J., 1925, 127, 399). (—)§-Butyl 
bromide was also prepared by the action of bromine on d-f-butyl p-toluenesulphinate in 
chloroform solution. -Toluenesulphonyl bromide was the other product of the reaction 
which, there are reasons to believe (Houssa, Kenyon, and Phillips, J., 1929, 1705), occurs 
with inversion. Houssa and Phillips (J., 1932, 108) have shown that a change of sign of 
rotation occurs when 6-octanol is converted into $-octyl chloride by the usual reagents. 
In order to ascertain whether a similar change occurs during the conversion of (—)$-butanol 
into B-butyl bromide, the bromide has been prepared from this alcohol by a variety of 
methods with the results summarised in Table I. As in the similar series of experiments 
with 6-octanol, a change of sign of rotation occurred in all the reactions. 


TABLE I. 


The rotatory powers of the (-+-)B-butyl bromides obtained from (—)B-butanol ([«]s%e. — 7-09°; 
1 mol.) by the action of various reagents. 


Cans nt of B-butyl 
1, 0°5). bromide. Yield, %. 
4°/15° 1-442 /15° 
2/16 1°437/12 
/18 1°440/21 
= 1-424/21 
1-439/16 
1°424/18 
1-434/19 
1°437/17 
1°420/17 
1-439/18 
1:438/17 
1°439/17 
1-425 /18 
1°426/21 


Reagent. Solvent. 


( 
HBr gas in excess at 0° 6: 
HBr gas in excess at 60° 7 
HBr aq. + ZnBr, (0°3 mol.) 4: 
HBr aq. (d 1-7) in excess 1 
HBr + H,SO, (2: 1) in excess 3 
KBr (1 mol.) + H,SO, (1 mol.) 0° 
PBr, (1 mol. : 8° 
2° 
1 
8° 
7 
8 
7 
3° 


Ane - 
o 


_— 
oO 


PBr, (1 mol.) + ZnBr, (0°3 mol.) 

PBr, (1 mol.) + C,;H,;N (2 mols.) 

Pe En IONE. Haodreccstckccbindpadnewstssccnvsneceecbaresse 
PBr, 1 mol.) + ZnBr, (0°3 mol.) 

PBr, (1 mol.) + C;H,;N (2 mols.) 

SOBr, (1 mol.) 

SOBr, (1 mol.) + C;H,N (2 mols.) .............+0+0 
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IPOD 
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Ss 

——' 
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A change of sign took place also when d-(-+-)8-butyl chloroformate was decomposed by 
heating it in the presence of pyridine, (—)®-butyl chloride being obtained. (-+-)-Butyl 
chloride, however, was produced when the d-chloroformate was heated alone or in the 
presence of either magnesium or mercuric chlorides. Complete racemisation ensued when 
the d-chloroformate underwent decomposition in the presence of zinc chloride. Experi- 
ment showed that (+)$-butyl chloride racemises when heated with zinc chloride, thus 
affording a probable explanation of the optical inactivity of the 8-butyl chloride produced 
from the d-chloroformate in the presence of this reagent. So far as the influence of 
pyridine on its mode of decomposition is concerned, d-$-butyl chloroformate behaves 
similarly to the d-B-octyl-ester (Houssa and Phillips, J., 1929, 2510, and Joc. cit.). 
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8-Octyl Derivatives (with Miss Doris E. KAHN and FREDERICK H. YORSTON).—These 
derivatives were prepared from the d-p-toluenesulphonic ester (Phillips, J., 1925, 125, 
2565) by methods similar to those by which the @-butyl derivatives were prepared, with 
the following exceptions : (—)8-octylthiol was prepared by heating the d-sulphonate with 
an ethyl-alcoholic solution of sodium hydrogen sulphide: phenyl (—)®-octyl sulphide, by 
using an ethyl-alcoholic solution of sodium phenyl sulphide; (—)8-octyl chloride, by using 
an ethyl-alcoholic solution of lithium chloride; (—)®-octyl methyl and ethyl sulphides were 
prepared from the (—)thiol by using methyl and ethyl sulphate respectively. The 
specific rotatory powers of (—)§-octylthiol and (—)f-octyl methyl and ethyl sul- 
phides were determined over a wide range of temperature (— 70° to + 100°) for light 
of seven different wave-lengths. When 1/« is plotted against 2, the points fall on a 
straight line, indicating that, under the experimental conditions, none of the three com- 
pounds exhibits complex rotatory dispersion. These determinations were made to ascer- 
tain whether optically active thio-ethers would show the complex rotatory dispersion 
exhibited by the simple aliphatic oxygen ethers of (+-)y-nonanol (Kenyon and Barnes, J., 
1924, 125, 1395). 

Benzylmethylcarbinyl Derivatives (with NicHoLAs E. CocHINARAS).—Unlike the corre- 
sponding $-butyl and 6-octyl esters, d-benzylmethylcarbinyl p-toluenesulphonate can be 
prepared by the direct interaction of the d-alcohol and #-toluenesulphonyl chloride 
(Phillips, J., 1923, 123, 44). The series of derivatives was prepared from the d-sulphonate 
by using similar methods to those used in the preparation of the other series of deriv- 
atives, except that (—)«-chloro-$-phenylpropane was prepared by the interaction of the 
d-sulphonate with (a) ethylmagnesium chloride in ether and (0) lithium chloride in ethyl 
alcohol. (—)a-Cyano-$-phenylpropane was obtained by the interaction of the d-sul- 
phonate with potassium cyanide in acetonitrile as well as in ethyl alcohol. The (—)é- 
phenyl-n-propylthiol was prepared from (—)a-thiocyano-8-phenylpropane. (—)a-Ethoxy- 
8-phenylpropane has been prepared by the interaction of the d-sulphonate with ethyl 
alcohol containing potassium carbonate and also with sodium ethoxide (Phillips, Joc. cit.). 
(—)a-Phenoxy-f-phenylpropane was prepared by the interaction of the d-sulphonate with 
sodium phenoxide in ethyl-alcoholic solution. 


The Relative Configurations of the Derivatives. 


In Table II the derivatives are arranged in order of the increasing positive character 
of the substituent groups. This order has been decided mainly from the values of the 
dipole moments of similarly constituted compounds, but partly from the directive influence 
of the groups on aromatic substitution and their influence on the dissociation constants 
of the monosubstituted acetic acids in which they are present as substituents. The 
sulphonic acids have been placed among the feebly positive groups to make allowance for 
the compensating effects which the negative ends of the dipoles associated with the 
sulphonyl oxygen atoms exert on the dipole between the asymmetric carbon atom and 
the sulphur atom (Rule, Joc. cit.). 

The rotatory powers of the derivatives obtained from the three d-sulphonic esters were 
determined for light of three wave-lengths and in ethyl-alcoholic solution in order to 
guard against drawing erroneous conclusions from rotation data distorted by dispersion 
effects. The reactions of p-toluenesulphonic esters are attended by unknown amounts 
of racemisation, and for this reason, where the magnitude of the rotatory power of the 
optically pure derivative is known, it has been substituted for that of the derivative 
obtained from the #-toluenesulphonic ester. This is not possible in every case, and 
consequently the rotatory powers do not show a regular gradation in magnitude. 

The precise order in which the groups are placed is not a crucial matter. The main 
questions to be settled are whether the rotations of the /-series increase or decrease in 
(—)rotatory power as the groups become more positive, and, if each series contains 
(+-)rotatory as well as (—)rotatory members, at what point in each series the rotatory 
powers of the derivatives change in sign. 

The most conclusive evidence as to the trend of the rotatory powers in each series is 
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TABLE II. 
Specific rotatory powers, [«]s4¢1, of the methyl-R-carbinyl derivatives. 
(a) Homogeneous; (b) in solution (EtOH, unless otherwise stated; c, 5); (c) sign of rotatory power 
of /-derivative. 
R = n-C,H,3. R => C,H,;°CHg. 

(a). (0). . (a). (d). (c). 
—18:9° — 6°5° —19°0° —13°5° (—) 
— 51 — 90 —164 —404 (+) 

— + 86 (+) 
+200 2 -—— - 
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—24°9 
— 81 
—24°9 
—25°1 
(— — 863 ~79°9 (—) —1348 —120°3 (-) 

4 2 Na salt in water. 3 In water. 4 In 0°477N-HCIl. 5 In glacial HOAc. 
® In N-HCI. 7 In 2N-HCI. 8 In N-HCI. ® In 6N-HCI. 10 Tn 0°53N-HCI1. 11 In water, 
as Na salt. 12 Harrison, Kenyon, and Shepherd, J., 1926, 662. 18 Phillips, J., 1925, 127, 2587. 
14 Phillips, J., 1923, 123, 23. 18 Pickard and Kenyon, J., 1914, 105, 830. 16 Kenyon and Pickard, 
J., 1915, 107, 115. 17 _ In C, Hg. 


provided by the rotations of the benzoates. The (—)alcohols when treated with benzoyl 
chloride yield the configuratively similar /-benzoates. These esters all have higher 
(—)rotations than the corresponding alcohols. Kenyon and Pickard (loc. cit.) have shown 
that the benzoates of B-hexanol and @-undecanol also have higher (—)rotations than the 
corresponding (—)alcohols. Since the benzoyloxy-group is more positive than the 
hydroxyl group, the higher (—)rotations of the benzoates indicate that as the positive 
character of the substituents in the series increases the (—)rotation increases. Further, 
when the (—)alcohols are converted into their potassio-derivatives and the negative 
character of the hydroxyl group is thereby increased, their (—)rotations decrease, in 
agreement with the conclusion drawn from the rotatory powers of the /-benzoates. In 
addition, it is known that the ethoxy- and m-butoxy-derivatives of each /-series are levo- 
rotatory, because these again can be prepared from the /-(—)alcohol by methods unlikely 
to lead to configurative change. Each /-series is known to contain (+) as well as (—) 
members, because Pickard, Kenyon, and Hunter (J., 1923, 123, 1) have shown that these 
three (—)alcohols yield (+-)formates with formic acid, and from each of these esters the 
original alcohol can be recovered by hydrolysis unchanged in either sign or magnitude of 
rotatory power, indicating that the (+)formates have the same configuration as the 
(—)alcohols. Lastly, from the present investigation it is known that the thiols of 
the 6-butyi and 8-octyl series when oxidised yield (+-)sulphonic acids, and there is not 
much likelihood that these oxidations are accompanied by inversion because the bonds of 
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the asymmetric carbon atoms presumably remain undisturbed (Levene and Mikeska, 
J. Biol. Chem., 1924, 59, 473). 

If the (—)rotatory powers of these /-series increase as the positive character of the 
substituent increases, and each series contains (+-)rotatory as well as (—)rotatory members, 
then further deductions can be made concerning the rotatory powers of the amines and 
acids belonging to each series of derivatives. Rule (J., 1927, 54) has pointed out that the 
conversion of amino- and substituted amino-groups into the cationic state should cause 
the rotatory powers of amines and their derivatives to approach in magnitude those of 
the derivatives containing more positive substituents, whilst the conversion, by salt 
formation, of the carboxylic and sulphonic acid groupings into the anionic state should 
cause their rotatory powers to approach those of the derivatives containing more negative 
substituents. On this hypothesis, the (—)rotations of the amino- and substituted amino- 
derivatives of each /-series should increase [or their (+-)rotations decrease] in hydrochloric 
acid solution, whilst the (—)rotations of the carboxylic and sulphonic acids should decrease 
for their (-+-)rotations increase] when they are converted into salts. Similarly, the 
(—)rotations of the salts of the mercaptans should be lower than those of the mercaptans 
themselves. 

Consideration of the numerical values of [«];,,, of the derivatives in the homogeneous 
state and also in ethyl-alcoholic solution at ordinary temperatures (Table II), as well as 
of other rotation data recorded in the experimental section, shows that the levorotatory 
powers of the derivatives obtained by the action of salts, Grignard reagents, alcohols, 
pyridine, and phenol on the d-sulphonates fall into line with the levorotatory powers of 
the esters and ethers which are known to be members of the /-series. The d-sulphonates 
thus appear to react with these reagents with inversion. 

The stereochemical nature of the reaction between the d-sulphonates and ammonia 
and secondary amines is, however, much less definite. In the $-butyl series, for example, 
the piperidino-, -toluidino-, and benzamido-derivatives obtained from the d-sulphonate 
all have relatively large (—)rotations which become smaller when these bases are dissolved 
in hydrochloric acid. If these derivatives were produced with inversion and are members 
of the /-series, this is the reverse of what would have been expected from Rule’s findings 
(loc. cit.). It is possible, therefore, that these derivatives have been produced without 
inversion and are members of the d-series. Thus, if, as in column (c) referring to the 
8-butyl derivatives, the sign of rotation of the /-series of these derivatives is entered in 
accordance with this view, it will be seen that the rotatory powers of the derivatives as 
far as the p-toluidino-compound are dextrorotatory, whilst the remainder become increas- 
ingly levorotatory as the positive nature of the substituent increases. Further, in 
agreement with Rule’s finding (loc. cit.), the (—)rotation of these bases increases [they 
change from (-++) to (—)] in acid solution when the nitrogen-containing group becomes 
cationic. 

In the 8-octyl series, the rotatory powers of the piperidino- and p-toluidino-derivatives 
are also in agreement with the view that these derivatives have the same configuration as 
the d-sulphonate. Both these bases have relatively large (—)rotations, which become 
relatively large (+-)rotations when the bases are dissolved in hydrochloric and acetic acids 
respectively (the hydrochloride of the f-toluidino-derivative is sparingly soluble in water). 
These rotation data would agree closely with those of the members of the /-series if the 
signs of rotation of the substances in the homogeneous state and in acid solution were 
reversed. Unfortunately, 6-octylamine could not be isolated from the products of the 
interaction, under various experimental conditions, of the d-sulphonate with ammonia, so 
that further evidence bearing on the stereochemistry of the interaction of d-f-octyl 
f-toluenesulphonate with amines could not be obtained. 

In the benzylmethylcarbinyl series, the evidence for the non-occurrence of an inversion 
during the formation of the amino- and substituted amino-derivatives is not so definite. 
p-Toluidine again appears to have reacted with the sulphonate without inversion, since the 
p-toluidino-derivative obtained is less levorotatory in hydrochloric acid solution than in 
the homogeneous state. (-+)«-Phenyl-$-propylamine and its (—)piperidyl derivative, 
produced from this d-sulphonate by the action of ammonia and piperidine respectively, 
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are, however, more levorotatory in acid solution, suggesting that they have arisen with 
inversion. 

From the evidence afforded by the methods of comparison employed, it would appear 
that the three d-sulphonates investigated react with salts, Grignard reagents, pyridine, 
and phenol with inversion. With ammonia and piperidine, the d-$-butyl and d-f-octyl 
p-toluenesulphonates may react without inversion. With f-toluidine all three sulphonates 
react without inversion, but the results suggest that d-benzylmethylcarbinyl p-toluene- 
sulphonate reacts with ammonia and piperidine with inversion. 


EXPERIMENTAL. 
B-Butyl Derivatives. 


The d *-8-butanol required was prepared by Pickard and Kenyon’s method (J., 1911, 99, 
45). In the homogeneous state it had [«]?%, + 13-83°, [«]#%59 -+- 27-23°; in ethyl alcohol (c, 
4-992) []?05, + 11-00°, [«]%5, + 29-17°; in ether (c, 5-000) [aJ33, + 18-20°, [a]#{. + 21-00°, 
(a]2359 + 39-00°; as the potassium salt in ether (c, 5-384) [«]3%3 + 10-96°, [a]5f6. + 14-00°, [a] i359 
+ 22-10°. 

d-8-Butyl p-toluenesulphinate was prepared by the gradual addition of p-toluenesulphinyl 
chloride (30 g.) (Hilditch, J., 1910, 97, 2585) to a solution of d-§$-butanol (13 g.) in pyridine 
(15 g.) cooled in a freezing mixture. After 12 hrs., water was added, the separated oil 
extracted with ether and washed with water, hydrochloric acid, sodium carbonate, and finally 
with water. When distilled, the dried extract gave d-f-butyl p-toluenesulphinate, b. p. 98— 
100° < 0-1 mm. (Found: C, 62-2; H, 7-6. C,,H,,0,S requires C, 62-3; H, 7-6%). It had 
di 1-085, d? 1-066, n° 1-5252, [a]ii,, + 7-37°, [a], + 8-46°, [a]ifs9 + 14-08° in the homo- 
geneous state; [a]}3,, + 6-07°, [a]}%5, + 7-08°, [a]i3s9 + 15-77° in ethyl alcohol (c, 4-946). It is 
probable that the rotatory powers recorded are those of d-f-butyl di-p-toluenesulphinate, 
because the method of preparation employed does not favour the separation of the ester into 
its optical isomerides (Phillips, Joc. cit.). 

(+-)8-Butanol was recovered without loss of rotatory power by heating its p-toluenesulphinic 
ester with each of the following reagents: (a) anhydrous formic acid, a complex reaction 
occurring; (b) glacial acetic acid, a mixture of the alcohol and its acetate being formed; 
(c) piperidine, p-toluenesulphinpiperidide, m. p. 131—132° (Found: N, 6-0. Calc.: N, 6-3%), 
being formed; (d) p-toluidine, an unstable compound, m. p. 265°, being produced, which 
decomposes in hot ethyl alcohol. The interaction of the /-sulphinate and benzoquinone on the 
steam-bath gave 3: 6-dihydroxyphenyl-p-tolylsulphone, m. p. 212° (Found: C, 58-8; H, 4-7. 
Calc. : C, 59-1; H, 46%). 

d-8-Butyl p-Toluenesulphonate.—Water was added, to incipient cloudiness, to a solution of 
the d-sulphinate (40 g.) in acetone (100 c.c.). After addition of magnesium sulphate (20 g.), 
the well stirred solution was slowly mixed with finely powdered potassium permanganate 
(20 g.), and kept cold by addition of ice. Ice and water were added before passage of sulphur 
dioxide, and the decolorised solution was extracted with ether. When completely free from 
acid by-products, the sulphonate distilled, b. p. 95° << 0-1 mm.; but it decomposed at 100° 
when acids were present. Less decomposition occurred when the ester was distilled in the 
presence of a small quantity of freshly ignited potassium carbonate (Found: C, 58-0; H, 7-0. 
C,,H,,O,S requires C, 57-9; H,7-0%). d-§-Butyl p-toluenesulphonate had dj’ 1-146, n}*° 1-5080, 
[ox]2eng + 11-10°, [o]203, + 12-98°, [«]2% + 12-98° in the homogeneous state and [a]?%,, + 5-80°, 
[o] 201 + 7-00°, [a]%59 + 11-80° in ethyl alcohol (c, 5-000). 

When the ester was prepared by the action of -toluenesulphonyl chloride on the alcohol 
in the presence of pyridine or on the potassium derivative of the alcohol in ether, the yield 
was smaller than that given by the above method. 

(—)N-8-Butylpiperidine.—(a) From the d-sulphonate. The d-sulphonate (11 g.) and piper- 
idine (8 g.) were warmed together on the steam-bath for 2 hrs., and the resulting mixture made 
alkaline and extracted with ether. From the dried (potassium carbonate) ethereal extract 
(—)N-f-butylpiperidine, b. p. 75—76°/25 mm. (5 g.) was obtained (Found: C, 76-6; H, 13-3. 
C,H,,N requires C, 76-6; H, 13-5%). It had d} 0-835, nZ° 1-4486, [a]3i, — 54-59°, [a] 735» 
— 99-60° in the homogeneous state and [«]?{,, — 5-9°, [a]?%. — 9-1° in ethyl alcohol (c, 5-000). 
The hydrochloride, long needles, after recrystallisation from acetone, had [a]}§, + 1-40°, [«]385o 

* d- and /- denote optically pure dextro- and levo-rotatory compounds; the partly active com- 
pounds are given the prefixes (+) and (—) respectively. 
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+ 4:4° in N-hydrochloric acid (c, 5-000) and [«]}3,, + 0-96°, [«]3i, + 1-24°, [a]%35. + 3-03° in 
water (c, 4-420). 

(b) From 6-butylamine. Pentamethylene bromide (2-7 g.) was heated under reflux with 
(—)®-butylamine (2-6 g., [«]}5;, — 4-61°) in ether (10 c.c.) for 12 hrs. More ether was then 
added together with dilute sodium hydroxide. From the dried ethereal extract (—)N-f-buty]l- 
piperidine, b. p. 78—80°/23 mm. (1 g.), was isolated (Found: C, 76-0; H, 13-2%). It 
had njf* 1-4513, [a]}%, — 4°59° (2, 0-25), and gave a platinichloride, m. p. and mixed m. p. 
197—198°. 

dl-N-8-Butylpiperidine, b. p. 70°/21 mm., nz** 1-4484, was prepared from (a) the d/-sul- 
phonate, (b) d/-8-butyl iodide. The m. p.’s and mixed m. p.’s of the platinichlorides of the two 
piperidides obtained were 197°: the m. p.’s and mixed m. p.’s of the corresponding picrates 
were 100°. 

(—)8-Butyl-p-ioluidine.—The d-sulphonate (6 g.) and p-toluidine (5 g.) were warmed on a 
steam-bath for 6 hrs. and the resulting mixture made alkaline and extracted with ether. 
From the dried extract (—)®-butyl-p-ioluidine, b. p. 136—138°/25 mm. (1 g.), was obtained 
(Found: C, 81-3; H, 10-5. C,,H,,N requires C, 81:0; H, 10-4%). It had qe O- 916, nis* 
1-5272, [a]}2}5, — 37-45°, Laisee — 86-18° in the homogeneous state, [«]?4,, — 35-74°, [a]?5, — 77- 96° 
in ethyl alcohol (c, 5-310; /, 1), and [a]?},, — 3-0°, [a]3#59 — 8-16° in 0-477N-hydrochloric acid 
(c, 5-740). 

(+)8-Butylamine.—By the recrystallisation of di-8-butylamine hydrogen tartrate from 
water, /-8-butylamine d-hydrogen tartrate was obtained, from which (—)$-butylamine, [a]}i,, 
— 461°, was isolated. From one of the mother-liquors, (+)$-butylamine was liberated, 
possessing the following rotatory powers: [a]}5;, + 2-03°, [a]i5;, + 3-40° in the homogeneous 
state; [a]}S3, + 0-22°, [a]i$9 + 1-80° in ethyl alcohol (c, 4-960); [c]5%3 + 1-27°, [a]5%e. + 1-47°, 
[a]iSso + 2-25° in water (c, 5-100); [c]}%3, — 0-30°, [a]i§jo — 1-60° in N-hydrochloric acid (c, 
5-006). 

(+-)Benzo-B8-butylamide.—(a) This was prepared from 8-butylamine by Pope and Gibson’s 
method (J., 1912, 101, 1706) from d-§-butylamine /-«-bromocamphor-z-sulphonate; needles, 
m. p. 92°; [o]3%s, + 37-1°, [«]?%5 + 30-7° in ethyl alcohol (c, 1-0026). 

(b) From the d-sulphonate. The d-sulphonate (30 g.) and ammonia (12 g.; d 0-88) were 
heated together in a sealed tube at 100° for 10 hrs. The contents, rendered strongly alkaline, 
were distilled in steam into dilute hydrochloric acid. The dry residue, obtained by evapor- 
ation of the acid distillate, was extracted with acetone, $-butylamine hydrochloride being 
obtained. This gave no measurable rotation in water (c, 0-72). It was converted into 
(—)benzo-B-butylamide, which was recrystallised twice from alcohol (Found: C, 74-5; H, 8-5. 
C,,H,,ON requires C, 74-6; H, 85%). Before recrystallisation it had [a]}{, — 35-1° in ethyl 
alcohol (c, 1-112), and after recrystallisation m. p. 88—89°, [«]}3,, — 14- 35°, [a}izs9 — 32-01° 
(c, 0-906). The d-sulphonate did not react with sodium benzamide in ethyl-alcoholic solution. 
It was without action also on p-toluenesulphonamide in ethyl alcohol containing potassium 
carbonate, on potassium phthalimide in either ethyl-alcoholic or acetone solution, and on 
phthalimide itself in ethyl-alcoholic solution. 

(—)8-Butyl Thiocyanate.—The d-sulphonate (40 g.) and potassium thiocyanate (24 g.) in 
ethyl alcohol (50 c.c.) were heated under reflux for 12 hrs. The thiocyanate, isolated in the 
usual manner (Found: C, 51-4; H, 7:8. C,;H,NS requires C, 52-2; H, 7-8%), had d? 0-960, 
ny 1-4621, [a]225, — 44-64°, [a]?25, — 74-80° in the homogeneous state; [a]?%, — 24-98°, [«]?50 
— 50-36° in ethyl alcohol (c, 5-003). 

(—)B-Butyl Disulphide—The (—)thiocyanate (8 g., [a], — 44:64°) was heated under 
reflux with potassium hydroxide (6 g.) in ethyl alcohol (100 c.c.) for 12 hrs. The resulting 
disulphide (5 g.) (Found: C, 53-9; H, 10-0. C,H,,S, requires C, 53-9; H, 10-2%) had b. p. 
95—97°/14 mm., dif 0-942, ni®* 1-5031; [a]}f,, — 93-55°, [a]}f,, — 111-25°, [a]ifjo — 196-9° in 
the homogeneous state, and [«]}$, — 84-23°, [a]i§, — 95-31°, [a]i§;, — 178-24° in ethyl alcohol 
(c, 5-010). 

(—)B- -Butylthiol. —(—)$-Butyl disulphide (4 g., [a]}{%, — 26-45°, / 0-25) in acetic acid (30 c.c.) 
was reduced with tin (5 g.) and concentrated hydrochloric acid (10 c.c.), the (—)thiol (0-8 g.), 
b. p. 83—85°, being obtained (Found: C, 54-3; H, 10-6. C,H, 9S requires C, 53-3; H, 11-1%). 
It had dil* 0-830, [a]}i,, — 17-35°, [a]}%5. — 49-00° in the homogeneous state; [«]}J,, — 2-60°, 
[a]i3s9 — 13-6° in ethyl alcohol (c, 5-000); [a«]}%,, — 1-80°, [aJi35. — 10-20° as the potassio- 
derivative in ethyl alcohol (c, 5-000). 

(+)8-Butanesulphonic Acid—The (—)thiocyanate (2 g., [«]?%, — 44-64°) in nitric acid 
(20 c.c., 60%) was warmed on the steam-bath for 24 hrs., the non-volatile residue from the 
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resulting solution being evaporated to dryness several times with water. The residual viscous 
ms had b. p. 125° <0-1 mm. (Found: C, 33-5; H, 7-4. C,H,.O,S requires C, 34-7; H, 
73%). It had d= 1-227, np" 1-4365; [a]gso3 + 2°32° in the homogeneous state ; [a]2553 + 0: 92°, 
(o]3e1 + 1-85°, [a]25%, + 4-61° in ethyl alcohol (c, 5-421) ; [co], + 0-75°, [o]3ie. + 0-94°, [c]%,, 
+ 3-39° in water (c, 5-308); and as a sodium salt, [3,5 + 1-14°, [a]}%59 + 569° in water 
c, 6153). 
(—)8-Butyl Selenocyanate.—The d-sulphonate (11 g.) and potassium selenocyanate (8 g.) 
were heated under reflux for 12 hrs. with ethyl alcohol (30 c.c.); the selenocyanate, a somewhat 
viscous, yellow liquid, b. p. 883—84°/16 mm., with a penetrating nauseous odour, was isolated 
(Found: C, 37-5; H, 5-7. C;H,NSe requires C, 37-0; H, 5-6%). It had d? 1-445, n>” 1-4965, 
(a}2053 — 11-34° in the homogeneous state; [a]?%, — 12-10°, [«]%%5 — 24-60° in ethyl alcohol 
(c, 5-040). During this preparation no selenium was precipitated, but in a further experiment, 
using (—)sulphonate prepared from (—)f-butanol ((o}sae1 — 4-6°, /= 1), selenium was pre- 
cipitated, and much less racemisation occurred, since the (+)selenocyanate obtained had 
(o]3261 + 13-15°. 

(+)8-Butyl diselenide, b. p. 130°/16 mm., was prepared by heating the (+)selenocyanate 
(2-5 g., [o]i%, + 13-15°) with potassium hydroxide (2 g.) in ethyl alcohol (20 c.c.) for 12 hrs. 
(Found: C, 35-4; H, 6-5. C,H,,Se, requires C, 35-3; H, 6-6%). It had n>” 1-5357, [a] 
+ 8-09° (i, 0-25). 

(—)8-Butyl Acetate-—(a) Using potassium acetale in ethyl alcohol. The (+)sulphonate (10 
g.) from (+)8-butanol ([«}}%, + 12-66°, 7 = 1) was heated under reflux with potassium acetate 
(12 g.) in ethyl alcohol (25 c.c.) for 12 hrs. (—)®-Butyl acetate (0-8 g.), b. p. 116—117°, dj” 
0-873, ni§° 1-3899 (Pickard and Kenyon, J., 1914, 105, 830, record d??* 0-8758, n>” 1-387), and 
some ethyl B- butyl ether were produced. The acetate had [«]}%, — 20-19° in the homogeneous 
state and [a]}{, — 18-86° in ethyl alcohol (c, 5-046). In a similar manner from (—)f-butyl 
p- tolnenesuiphonate, prepared from (—)f-butanol, [«]?%;, — 9-52° (/, 2), (+)§-butyl acetate, 
[a}§Ss. + 10-52°, was obtained. 

(b) Using acetic acid. The (—)sulphonate [7 g., from (—)®-butanol, [o]}%, — 9-2°, 7 = 2] 
was heated in glacial acetic acid (50 c.c.) on a steam-bath for 12 hrs. The (+-)6-butyl acetate 
produced had b. p. 109—114°, nj 1-3890, [a] $j. + 2-5° (i, 0-25). 

(—)Ethyl 8-Butyl Ethey.—The d-sulphonate (15 g.) in ethyl alcohol (10 c.c.) was heated 
with potassium carbonate (5 g.) on a steam-bath for 24 hrs.; water was added, and the required 
ether isolated by extraction with ether and purified by heating with phthalic anhydride and 
by distillation from sodium (Found: C, 68-4; H, 13-4. C,H,,O requires C, 70-6; H, 13-8%). 
It had b. p. 82—83°, a2 0-745, [«]2%5, — 21-31°, [a]. — 41-04° in the homogeneous state ; 
[a] $203 — 18-80°, [a]i359 — 37-00° in ethyl alcohol (c, 2-814). 

(—)B-Butyl n-butyl ether, b. p. 130—131°, was prepared in a similar manner from the 
d-sulphonate (15 g.), potassium carbonate (5 g.), and m-butanol (6 g.) (Found: C, 73-6; H, 
13-7. C,H,,O requires C, 73-8; H, 13-8%). It (2g.) had dj" 0-769, n}* 1-3972; [a]}5,, — 23-42°, 
[a]i3 5, — 44:45° in the homogeneous state; [«]}3,, — 21-65, [«]i§;. — 41-70° in ethyl alcohol (c, 
5-034). 

(—)Phenyl 8-butyl ether, b. p. 92—93°/20 mm., was prepared in a similar manner from the 
d-sulphonate (15 g.), potassium carbonate (5 g.), and phenol (30 g.) (Found: C, 79-8; H, 9-3. 
C,9H,,0 requires C, 80; H, 9-3%). It (5g. Oy had dj®* 0-935, nif* 1-4873; [a] s503 — 16-47°, [a] i850 
— 54-93° in the homogeneous state; [a]}%, — 20-81°, [«]i§;. — 42-01° in ethyl alcohol (c, 
5-020). 

d-8-Butyl Chloroformate.—d-8-Butanol (10 g.) and quinoline (17-2 g.) in ether (40 c.c.) were 
run slowly into a stirred ice-cold solution of carbonyl chloride (14 g.) in ether (30 c.c.). After 
12 hrs. at room temperature, the mixture was washed with dilute hydrochloric acid and dried 
(sodium sulphate), d-8-butyl chloroformate (14-4 g.), b. p. 24—25°/13 mm., being obtained (Found: 
Cl, 25-9. C,H,O,Cl requires Cl, 26-1%). It had mp” 1-4093, [a] 5%, + 19-18° (i, 0-5). 

(—)8-Bromobutane.—(a) From the d-sulphonate. To an ice-cold solution of ethylmagnesium 
bromide in ether (60 c.c.), prepared from ethyl bromide (5 g.) and magnesium (0-9 g.), was 
added slowly an ethereal solution of the d-sulphonate (10 g.). After the initial vigorous 
reaction had ceased, the mixture was heated under reflux for 1 hr., and subsequently decom- 
posed with ice and hydrochloric acid. The (—)f$-bromobutane (2-5 g.), b. p. 90—91°, had d?° 
1-251, ni? 1-4359; [«]255, — 12-24°, [a]35, — 27-92° in the homogeneous state; [«]?3,, — 17-02°, 
[x]%s9 — 34-36° in ethyl alcohol (c, 5-054). 

(b) From the d-sulphinate. Bromine (8 g.) in light petroleum (40 c.c.) was added to a 
solution of the d-sulphinate (10 g.) in the same solvent (40 c.c.). p-Toluenesulphonyl bromide, 
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m. p. and mixed m. p. 95—97°, crystallised from the solution, from which (—)§-bromobutane 
(3-5 g.), b. p. 85—87°, was isolated. It had nj* 1-4337 and [a]}%,, — 2-60°. 

(—)®-Iodobutane.—(a) The d-sulphonate (15 g.) and potassium iodide (9 g.) in a mixture of 
acetone (50 c.c.) and ethyl alcohol (5 c.c.) were heated under reflux for 12 hrs. The (—)8-iodo- 
butane, b. p. 121—122°, isolated had d3** 1-585, my” 1-4945; [a]3{, — 2-14°, [a]2o5, — 5-26° in 
the homogeneous state; [«]?%, — 299°, [«]%5, — 5: 78° in ethyl alcohol (c, 5-02). (6) (—)§-But- 
anol ([«]?f4. — 5-17°, 7 = 1) cooled in a freezing mixture was saturated with hydrogen iodide; 
the B-iodobutane produced had [a]?,, + 10-95°. 

(—)Methylethylacetic Acid.—After the d-sulphonate (25 g.) and potassium cyanide (15 g.) in 
a mixture of acetone (50 c.c.) and ethyl alcohol (5 c.c.) had been heated under reflux for 80 hrs., 
the mixture was distilled in steam. The distillate contained small quantities of B-butyl cyanide, 
methylethylacetamide and methylethylacetic acid. They were collected in ether and heated 
under reflux with dilute potassium hydroxide. The methylethylacetic acid (0-1001 G. required 
0-0393 g. NaOH for neutralisation. Calc.: 0-0392 g.) isolated had [a]?3, — 6-00° in water 
(c, 2-002). Attempts to prepare 6-butyl cyanide from the sulphonate and silver cyanide in 
either acetone or ethyl alcohol or from mixtures of potassium and silver cyanides in acetone 
were unsuccessful. 

(+)Methylethylacetic Acid.—The dl-acid (Kahlbaum) was partly resolved by means of 
brucine (Marckwald, Ber., 1896, 29, 53) and the d + dil-acid obtained ([a]2%3, + 5-30°, 7 = 1) 
was further separated by crystallisation of its silver salt from water (Marckwald, Ber., 1899, 
82, 1092). It had d%” 0-934, n2}* 1-4044; [c]?% + 12-29°, [a]%85. + 24-93° in the homogeneous 
state; [a]2?4, + 12-17°, [a]%, + "29- 15° in ethyl alcohol (c, 5-012) ; [c]3%, + 4: 05°, [7] 225, + 7°86°, 
[x] 2959 + 15-24° in benzene (c, 5-190); [c]?8, + 15-58°, [c}?8, + 21-57°, [a], + 39-77° in water 
(c, 2-503); as sodium salt [«]2?4,, + 6-°75°, [aJ%so + 10-2° in water (c, 6-070). 

(+)Ethyl aa eae ae b. p. 130°, prepared from methylethylacetic acid (5 g., 
[x] 3%e. + 5-68°) had d? 0- 860, 23°5° 1-3957, [x]26, + 516°, [«]2$. + 11-34° in the homogeneous 
state; []?8, + 4:20°, [a]%o + 13: 80° in ethyl alcohol (c, 5-000) ; [a]3?%5 + 3-40°, []2%;, + 6-00°, 
[a]259 + 11-20° in benzene (c, 5-000). 

(+)Methylethylacetyl chloride, b. p. 119—120°, was prepared by the action of thionyl chloride 
(15 g.) hs the (+)acid (12 g., [a]3f. + 5-68°) (Found: C, 47-4; H, 7-6. C,H,OCI requires C, 
47-8; H, 7-5%). It had d?° 0-990, mi" 1-4177; [a]?i, + 451°, [a)]?45, + 9-41° in the homo- 
geneous cmt [a}253 + 12-23°, [a]}2s59 + 24-26° in benzene (c, 5-070). 

(+)Acetomethylethylamide, long needles, m. p. 156°, was obtained by the action of ammonium 
carbonate on a solution of the (+)acid chloride (5 g., [a]}4;, + 5-25°) in ether (Found: C, 
59-5; H, 10-8. C,;H,,ON requires C, 59-4; H,10-9%). It had [a]}%, + 3-39°, [a]}8, + 7:39° 
in ethyl alcohol (c, 5-008); [«]}§5, 18-05°, [3% + 24-07°, [a]}8. + 59-72° in benzene (c, 
2-326). 

(+)8-Butyl cyanide, b. p. 125—126°, was obtained by the action of phosphoric oxide (10 g.) 
on (+)acetomethylethylamide (3 g.) described above (Found: C, 71-4; H, 10-5. C,H,N 
requires C, 72:2; H, 10- 9%). It had a?” 0- 786, nz" 1-3875; [a]2o, + 7°58°, [a]2%5, + 15°52° in 
the homogeneous state ; [«]2%, + 5-24°, [a]%5, + 16- 92° i in ethyl alcohol (c, 4-196) ; [«]}33, + 11-9° 
in benzene (c, 4-38). 

per Pa d-sulphonate (10 g.) was added to an ice-cold solution of phenyl- 
magnesium bromide in ether (50 c.c.), prepared from magnesium (2 g.) and bromobenzene 
(13 g.). (—)§-Butylbenzene (1-5 g.), b. p. 70—76°/60 mm., }" 1-5044 (Harrison, Kenyon, and 
Shepherd, J., 1926, 662, record n?* 1-4883, d?° 0-8609), some benzene, and also diphenyl (m. p. 
and mixed m. p. 70°) were obtained. The (—)f-butylbenzene had [a]?3,, — 17-88°, [a]?%:, 
— 21-65°, [«]?3;, — 39-50° in the homogeneous state; [«]?3, — 16-35°, [«]23;. — 34-89° in ethyl 
alcohol (c, 5-016). 

(—)®-Butyl Benzoate.—(a) Using potassium benzoate. The (-+)sulphonate (10 g.) and 
potassium benzoate (7 g.) in ethyl alcohol (35 c.c.) were heated under reflux for 12 hrs. The 
(—)-butyl benzoate (1-2 g.), b. p. 98—99°/13 mm., had da” 1-002, n?* 1-5005; [«}}i,, — 44-09° 
(Kenyon and Pickard, J., 1915, 107, 121, record nw 1- 4930). (+)8-Butyl benzoate (1-5 g.), 
n3* 1-5007, [a]}Ss, + 516°, was obtained in a similar manner from the (—)sulphonate [10 g., 
from (—)®-butanol, [«]}%, — 2-96°, 7 = 0-5). 

(b) Using benzoic acid. The (—)sulphonate [20 g., from (—)f-butanol, [a]?3,, — 5-84°] and 
benzoic acid (32 g.) were heated together on the steam-bath for 24 hrs. dl-$-Butyl benzoate 
(7-5 g.), b. p. 115—117°/20 mm., nz 1-4933, was produced. It (2-2 g.) was also recovered 
ath a mixture of (+)benzoate (5 g., [a]2is. + 5°20°), benzoic acid (3-4 g.), and -toluene- 
sulphonic acid (5 g.) Which had been heated on a steam-bath for 24 hrs. 
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(+)8-Butyl benzoate, unchanged in rotation (1-8 g.), was recovered from a mixture of the 
(+)benzoate (2 g., [«]3%, + 2-69°, 7 = 0-25) and benzoic acid (2 g.) which had been heated in a 
similar manner. When the benzoic acid was replaced by p-toluenesulphonic acid, the 8-butyl 
benzoate decomposed. 


B-Octyl Series. 


d-B-Octanol (Kenyon, J., 1922, 121, 2540) has [«]2%, + 9-48°, [a]20:, + 22-40° in ethyl alcohol 
(c, 4-992); [c]#f6. ++ 18-07° in ether (c, 5-110); [c]?05, — 40-72° as the potassio-derivative in 
ether (c, 6-461). 

(—)N-f-Octylpiperidine.—A mixture of the d-sulphonate [11-5 g., from (-+-)$-octanol, [a]3{. 
+ 9-47°, 7 = 1] and piperidine (7-5 g.) was warmed on a steam-bath for 24 hrs. Dilute sodium 
hydroxide was added, and the oil extracted with ether and dried (potassium carbonate). After 
removal of the ether, the residual liquid separated into two layers, the lower being unchanged 
sulphonate. When distilled, the upper layer gave two main fractions, (i) b. p. 65—125°/13 mm. 
(1 g.), which was chiefly B-octanol, (ii) b. p. 125—128°/13 mm. (5 g.), which was (—)B-oetyl- 
piperidine. When redistilled, b. p. 125—126°/13 mm. (Found: C, 79-1; H, 13-2. C,3;H,,N 
requires C, 79-2; H, 13-7%), it had dj® 0-820, n}® 1-4288; [a]}&, — 16-76°, [«]]85, — 29-25° in the 
homogeneous state; [a]{%, — 5°76°, [«]}$. — 12-01° in ethyl alcohol (c, 5-090) ; [«]}8, + 18-18°, 
[x]i8s0 + 39-40° in 6N-hydrochloric acid (c, 5-228). 

(—-)N-8-Octyl-p-toluidine.—The d-sulphonate (11 g.) and p-toluidine (8-6 g.) were heated 
together on a steam-bath for 24 hrs., and the product when distilled gave some $-octanol and 
p-toluidine, followed by (—)N--octyl-p-toluidine, which was redistilled, b. p. 163—164°/15 mm. 
(Found: C, 81:3; H, 11-4. C,;H,;N requires C, 82-2; H, 11-4%). It was insoluble in both 
dilute and concentrated hydrochloric acid; it had dj} 0-782, and nj’ 1-5122; [a]}2h, — 12-05°, 
[a]3ag — 33: 26° in the homogeneous state; [a]{g93 — 8-16°, [«]{359 — 20-05° in ethyl alcohol (c, 
4: 858) ; [a]3%o3 + 11-20° in glacial acetic acid (c, 5-092). 

(— )p-Octyt Thiocyanate.—A solution of the d-sulphonate (10 g.) and potassium thiocyanate 
(16 g.) in ethyl alcohol (20 c.c.) was heated under reflux for 24 hrs., and worked up in the 
usual manner; there was obtained (—)-octyl thiocyanate (4 g.), b. p. 119—120°/15 mm. (Found : 
C, 62-9; H, 9-9. C,H,,NS requires C, 63-1; H, 10-0%). It had ad? 0-795, ni” 1-4651; [a]?io5 
— 71-41°, [«]3%59 — 149-5° in the homogeneous state; [«]2%, — 64-68°, [«]?%, — 140-0° in ethyl 
alcohol (c, 5-010). 

(—)8-Octylihiol—The solution obtained by dissolving potassium (14 g.) in ethyl alcohol 
(100 c.c.) was saturated with hydrogen sulphide, mixed with the d-sulphonate (40 g.), and 
heated under reflux for 7 hrs. The filtered mixture was poured into water, and the oily 
products extracted with ether. On distillation three fractions were obtained: (i) b. p. 55— 
75°/15 mm. (1 g.), mainly ethyl 6-octyl ether; (ii) b. p..75—95°/15 mm. (8 g.), mainly B-octyl- 
thiol; (iii) b. p. 90—105°/15 mm. (1 g.), leaving a higher-boiling residue (iv) (4 g.). Refrac- 
tionation gave (—)f-octylthiol, b. p. 78—80°/22 mm. in a current of hydrogen (Found: C, 
65-6; H, 12-0. C,H,,S requires C, 65-8; H, 12-3%). On warming an ethyl-alcoholic solution 
of the (—)thiol with mercuric oxide, (—)f-octyl mercurio-mercaptide was obtained, m. p. 
43° (decomp.) (after recrystallisation from ethyl alcohol containing ether, in which it had 
[«]54e, — ca. 58°). An ethyl-alcoholic solution of (—)®-octylthiol neutralised with the cal- 
culated amount of N-sodium hydroxide had [a],;,,, — 9-0°. Fraction (iv) was twice redis- 
tilled and obtained with b. p. 135°/2 mm., d?° 0-8382. It was probably (—)di-f-octyl sulphide 
and had [a] 5299 — 30-45°, [«]546, — 35°82°, and [a]4359 — 58-2° (, 1). 

(—)Methyl B-Octyl Sulphide.—(—)®-Octylthiol (4:5 g.) was added to sodium hydroxide 
(15 c.c., 2N), and the mixture dissolved in the minimum amount of methyl alcohol. Methyl 
sulphate (3-9 g.) was added slowly, and the solution maintained at 80° for 2 hrs.; the separated 
oily layer was dried in ether over potassium carbonate. Distillation gave (—)methyl B-octyl 
sulphide, b. p. 90—91°/18 mm. (Found: C, 67-2; H, 12:3. C,HgS requires C, 67-5; H, 
12-5%). 

(—)Ethyl 8-Octyl Sulphide.—No reaction occurred when either §-octyl chloride or the 
p-toluenesulphonate was heated under reflux with an ethereal suspension of potassium hydrogen 
sulphide. Heated under reflux for 24 hrs. with an ethyl-alcoholic solution of potassium 
hydrogen sulphide, the d-sulphonate reacted readily, and two volatile products were isolated : 
(i), b. p. 47—85°/13 mm., mainly octylene; (ii), b. p. 85—95°/13 mm., mainly (—)ethyl B-octyl 
sulphide. When redistilled, (ii) had b. p. 99—100°/17 mm. (Found : C, 69-0; H, 12-6. Cy H,.S 
requires C, 69-0; H, 12-6%). 

Details of the rotations of the last three compounds are given in the following table. 

4B 
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The specific rotatory powers [a)< of (—)B-octylthiol and methyl and ethyl B-octyl sulphides in the 
homogeneous state. 
t. at. d 6708. A 6104. A 5780. A 5461. A 4602. A 4358. A 4078. 
(—)B-Octylthiol. 
— 78° 0-911 —_ 39°4 44-7 
0 0°849 ; 29°5 33°5 38°3 
25 0°830 : 28°2 32°0 36°4 
97 0°773 _— 28°1 32°2 
(—)Methyl B-octyl sulphide. 
—78 0°921 — 18°4 20°9 
0 0°855 — 14°7 16°6 
27 0°834 — 13°9 15°6 
97 0°780 —_ 12°3 13°8 
(—)Ethyl f-octyl sulphide. 
—30 0°878 —_ ~ 22-0 24:5 39:7 
0 0°854 13°6 16°6 18°6 21°1 ; 34°2 
25 0°835 — — 16°8 19-0 30-9 
98 0°782 9°8 12°2 13°5 15°2 ‘ 24°7 

(+)B-Octanesulphonic Acid.—(—)B-Octyl thiocyanate (4 g., [«]3%1 — 149-5°) was heated on 
a steam-bath with nitric acid (15 c.c.) and water (2 c.c.) until a clear solution was obtained. 
After dilution with water, the solution was evaporated to small bulk, diluted again with water, 
and neutralised with barium carbonate. When the clear solution was concentrated, the 
barium salt crystallised; it was recrystallised twice from water, giving platelets, unmolten at 
320°. The acid (0-0400 g. required 0-0082 g. NaOH. Calc.: 0-0083 g.) had [a]3{,, 156-7°, 
[a] 3ec9 + 276-2° in water (c, 1-34); its sodium salt had [a]}%, + 134-7°, [a]ifjo + 404° in water 
(c, 0-0872). 

(—)Phenyl 8-Octyl Ether.—The d-sulphonate (14 g.), phenol (24 g.), and potassium carbonate 
(14 g.) were heated together on a steam-bath, and the portion of the product insoluble in 
sodium hydroxide was collected in ether, dried, and distilled. The main fraction, phenyl 
(—)f-octyl ether, b. p. 130—150°/20 mm., was redistilled, b. p. 144—145°/20 mm. (Found: C, 
81-4; H, 10-8. C,,H,,O requires C, 81:5; H, 10:-7%). It had d3 0-904, nj 1-4878; [«]23;, 
— 18-54°, [«]23., — 39-85° in the homogeneous state; [a]?{, — 15-00°, [«]%5, — 29-40° in ethyl 
alcohol (c, 5-000). 

(+)Phenyl B-octyl sulphide, b. p. 178°/20 mm. (Found: C, 75-7; H, 9-7. C,4H,.S requires 
C, 75:7; H, 99%), prepared by the interaction of the /-sulphonate (14 g.) and an ethyl- 
alcoholic solution of sodium thiophenoxide (19 g.), had di’ 0-944, nj 1-5256, [«]}i,,; + 11-31°, 
[a]i359 + 22-38° in the homogeneous state ; [«]}%,, + 0-99°, [a]ijs9 + 3-98° in ethyl alcohol (c, 5-004). 

(—)8-Bromo-octane.—The d-sulphonate (9 g.), dissolved in ether, was added slowly to an 
ice-cold Grignard reagent prepared from bromobenzene (8 g.) and magnesium (1-2 g.). After 
12 hrs., the mixture was warmed on a steam-bath for 1 hr., cooled, and poured on ice. By 
fractional distillation of the products, (—)8-bromo-octane (2 g.), b. p. 78—79°/18 mm., was 
obtained with d?’ 1-086, nz 1-4521, [a]3%, — 26-52°, [aio — 53-05° in the homogeneous state; 
[a]3fo3 — 29-8°, [x]28s9 — 59-4° in ethyl alcohol (c, 4-902); a small quantity of diphenyl (m. p. 
and mixed m. p. 70°) was isolated, as well as a liquid optically inactive product, b. p. 100— 
101°/18 mm. 

Benzylmethylcarbinyl Series. 

The d-benzylmethylcarbinol was prepared as described by Pickard and Kenyon (loc. cit.) 
and Phillips (loc. cit.). It has now been found that the concentrated mother-liquors from 
which the less soluble /-brucine d-benzylmethylcarbinyl phthalate has been removed deposit 
the /-A, /-B salt. This is sparingly soluble in cold but very soluble in hot acetone, and after 
5 or 6 recrystallisations is obtained optically pure. 

‘ Benzylmethylcarbinyl 
Brucine salt. hydrogen phthalate. Benzylmethylcarbinol. 

d- Glistening needles, m. p. 153°; (oil) [a}zg93 +44°5°, [a]ssg, +53°0° agig, +8°17° (2, 0°25) 

[alguns —4°98° (c, 5; 2=2 in  (c, 50; 7 = 2 in CHGl,) 
CHC1,) 

l- Soft, feathery needles, m. p. 83°; (oil) [a]ge53 —44°7°, [a] sag: —53°2° ansos —6°82°, asi: —8°08°, 
(a) — 16°33°, [a}6, — 22°31°, als. —15°3° (i, 0°25) 
[a}is., —51°99° (c, 5°020; }= 1 
in CHCI,) 
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d-Benzylmethylcarbinyl hydrogen phthalete had [a]24, + 43-11°, [aJ}?4, + 51-81°, [a)24, 
+ 98-47° in ethyl alcohol (c, 5-636); [a]2?8, + 45-25°, [a}2%, + 80-63°, [x]? ++ 151-8° as the 
sodium salt in water (c, 5-356). The I-benzylmethylcarbinol had «353; — 13-85° (/, 0-5) in the 
homogeneous state and [a]?3,, — 20-20°, [a]%3;, — 45-60° in ether (c, 5- 044; 1,1); [«]3%3 — 27:70° 
as potassio-salt in ether (c, for alcohol 4-948). 

(—)8-Piperidino-a-phenylpropane.—The d-sulphonate (5 g.) and piperidine (6 g.) were 
heated together on a steam-bath for 12 hrs., and the resulting product made alkaline and 
extracted with ether. From the dried (sodium sulphate) ethereal extract, (—)®-piperidino- 
a-phenylpropane, b. p. 142—143°/11 mm., was obtained (Found: C, 83-1; H, 10-2. C,,H,,N 
requires C, 82-8; H,10-3%). It had d}%° 0-962, n° 1-5244, and [a]j%, — 16-63°, [«]i§;, — 35-15° 
in the homogeneous state; [a]sso3 — 11-84°, [a]a3s9 39 — 22-07° in ethyl alcohol (c, 4-984; /, 1); 
[x]2393 — 16-89°, [a]2}5, — 30-97° in 0- -58N-hydrochloric acid (c, 5-036). 4 

(—)8- p-Toluidino- a-phenylpropane.—The d-sulphonate (5-8 g.) and p-toluidine (8-6 g.) were 
heated on a steam-bath for 3 hrs. The (—)8-p-toluidino-a-phenylpropane, b. p. 183—184°/ 
11 mm. (Found : C, 85-3; H, 8-3. C,,H,,N requires C, 85:3; H, 8-4%), had dj® 1-013, nz” 
1:5709, with [«]}%, — 12-60°, [«]}$;, — 41-02° in the homogeneous state; [a]{%, — 33-08°, [a]. 
— 93-08° in ethyl alcohol (c, 5-200; 7,1); [«]?2), — 12-77°, [«]%j, — 25-17° in glacial acetic acid 
(c, 5-128; 7, 1). It was insoluble in hydrochloric acid, but a clear solution obtained by adding 
5 c.c. of an ethyl-alcoholic solution of the amine to 5 c.c. of 0-53N-hydrochloric acid had 
[o]2253 — 12-77°, [c]2259 — 25-17° (c, 2-564). 

(+)8-A mino-a-phenylpropane.—The d-sulphonate (8 g.) was heated for 6 hrs. in a sealed 
tube with ethyl alcohol (10 c.c.) saturated with ammonia. The contents of the tube were 
then poured into dilute hydrochloric acid, and the solution extracted with ether. The aqueous 
acid layer was made alkaline; the liberated (+-)-amino-a-phenylpropane had b. p. 102°/ 
16 mm. (Found: C, 79-3; H, 9-6. C,H,,;N requires C, 80-0; H, 96%). It had dj% 0-941, 
nx” 1-4704, [a] 5e93 + 1:40°, [x]52g9 + 1:61° in the homogeneous state; [a]5799 — 45°1°, [a]ass9 
— 86-6° in 2-0N -hydrochloric acid (c, 2-828). 

—)8-Thiocyano-a-phenylpropane, b. p. 158°/16 mm., was prepared by heating the d-sul- 

phonate (15 g., 1 mol.) with potassium thiocyanate (15 g., 1 mol.) in ethyl alcohol (40 c.c.) for 
7 hrs. (Found: C, 67-9; H, 6:3. C,9H,,NS requires C, 67-9; H, 62%). It had d}? 1-072, 
ne 1-5495; [a]5s93 — 116-02° in the homogeneous state; [a];93 — 118-5° in ethyl alcohol (c, 
1-020) 
(—)8-Phenylisopropyl disulphide, b. p. 144°/0-1 mm. (Found: C, 71-2; H, 7-4. CygHs95, 
requires C, 71-5; H, 7:3%), obtained by heating the above thiocyanate with ethyl alcohol 
containing potassium hydroxide (1-5 g.) for 5 hrs., had d?” 1-072, nj” 1-5794 and [a] 546, — 10-0° 
(/, 0-25). 

(—)8-Cyano-a-phenylpropane, b. p. 117°/17 mm., was prepared by heating the d-sulphonate 
(15 g.) in acetonitrile (20 c.c.) containing water (1-5 c.c.) and sodium cyanide (7-5 g.) under 
reflux for 30 hrs. (Found: C, 82-1; H, 8-2. (Cj, 9H,,N requires C, 82-8; H, 7-6%). It had 
di’ 0-980, n° 1-5098; [a]5s93 — 20-6° in the homogeneous state; [a«]5g93 — 15-50° in ethyl 
ahsubel (c, 0-5154). 

(—)8- Phenyl-a-methylpropionic acid was obtained by hydrolysing the (—)cyanopropane 
(2-5 g., [«] 546, — 5°6°, 7 = 0-25) in aqueous ethyl alcohol containing sodium hydroxide (0-87 g.). 
It had b. p. 162°/16 mm. (Kipping and Hunter, J., 1903, 83, 1005, give b. p. 160°/12 mm.), 
ne 1-5009; [a] 546, — 0°35° (/, 0-25); its sodium salt had [«]54,, — 8-63° in water (c, 1-448). 

(+)8-Phenyl-a-methylpropionic acid. The dl-acid was resolved according to the 
method of Pickard and Yates (J., 1909, 95, 1019). It had d2 1-062, n?* 1-5008; [«]2i3 + 20-36°, 
[a}%s9 + 45-38° in the homogeneous state; [a]?4,,; + 17-87°, [a] e360 + 44-49° in ethyl alcohol (c, 
5-034); []235, + 40-68°, [«]23;, + 89-97° as the sodium salt in water (c, for acid, 5-114). The 
(—)methyl ester, b. p. 105°/16 mm., obtained by heating (—)®-cyano-a-phenylpropane ([«] 5461 
— 25-1°) in methyl alcohol containing sulphuric acid, had [a]54,, — 8-02° (/, 0-25) in the 
homogeneous state and [«]54g,; — 28-2° in ethyl alcohol (c, 0-1768); and the (+)ethyl ester, 
b. p. 116°/15 mm., prepared from (+)$-phenyl-«-methylpropionyl chloride (1 g., [«]3{. + 24-94°), 
and ethyl alcohol (3 c.c. -)» had di$* 0-866, ni® 1-4911; [a], + 26-93°, [aJi§. + 58-18° in the 
homogeneous state; [a]2}5, + 29-17°, [«]2s9 + 66-88° in ethyl alcohol (c, 5-036). 

(—)a-Phenyl-B-propylthiol, b. p. 105—110°/16 mm. (Found: C, 71-1; H, 81; S, 21-0. 
C,H,,S requires C, 71-1; H, 7-9; S, 21-0%), obtained by reducing the disulphide (4 g.) in 
glacial acetic acid solution with tin (6 g.), had dj%° 0-999, 2° 1-5312; [a]5g93 — 15-3° in the 
homogeneous state; [a]593 — 15-1° in ethyl alcohol (c, 1:399). 

(—)Phenyl «-phenyl-8-propyl ether, b. p. 156°/10 mm., was prepared by the interaction of 
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the d-sulphonate (5-8 g.) and an ethyl-alcoholic solution (25 c.c.) of sodium phenoxide (9-3 g.). 
It had 3” 1-029, n2°° 1-5571 (Phillips, J., 1923, 128, 44, gives nj” 1-5573), [«]3%3 — 61-49°, 
[a]2055 — 135-8° in the homogeneous state; [0]? — 45-24°, [a]%§5 — 92-85° in ethyl alcohol (c, 
5-042). 

(—)Phenyl «-phenyl-8-propyl sulphide, b. p. 177—178°/11 mm. (Found: C, 79-3; H, 7-0. 
C,;H,,S requires C, 79:0; H, 7-0%), was prepared by the interaction of the d-sulphonate 
(5°8 g.) and an ethyl-alcoholic solution of sodium thiophenoxide (9-6 g.). It had dj” 1-070, 
n* 1-5952; [a]}8, — 38-66°, [a]}$,, — 91-36° in the homogeneous state; [a]5%3 — 24-68°, [«]}$:, 
— 58-33° in ethyl alcohol (c, 5-024). 

Interaction of the d-Sulphonate with Phenylmagnesium Bromide.—The d-sulphonate was 
added slowly to the ice-cold Grignard reagent prepared from bromobenzene (8 g.) and magnes- 
ium (1-1 g.). After 12 hrs., the mixture was warmed on a steam-bath for 1 hr., cooled, and 
decomposed with ice and acetic acid. By fractional distillation of the products, (—)«-phenyl- 
8-propyl bromide (1-5 g.), b. p. 113°/12 mm., was obtained. It had dj 1-373, ni 1-5492; 
[a]is35 — 24-10°, [a]}*, — 53-26° in the homogeneous state; [a]}{, — 22-96°, [a]if;, — 49-75° in 
ethyl alcohol (c, 4-964). Another experiment, in which an excess of Grignard reagent was 
used, yielded a small quantity of impure (—)a-methyldibenzyl, b. p. 165°/20 mm. 

8-Chloro-a-phenylpropane.—(a) By means of lithium chloride. The d-sulphonate (9 g., 1 
mol.), lithium chloride (3-9 g., 3 mols.), and ethyl alcohol (15 c.c.) were heated under reflux for 
8 hrs. The only products obtained when the mixture was added to water were (i) an 
unsaturated hydrocarbon and benzylmethylcarbinyl ethyi ether, b. p. 63—83°/17 mm.., (ii) b. p. 
90—100°/17 mm. Fraction (ii), redistilled, b. p. 94°/17 mm., gave (—)f-chloro-a-phenyl- 
propane (Found : Cl, 22-5. C,H,,Cl requires Cl, 22-9%), dj” 1-038, n# 1-5198, [a] 57g9 — 5-65° 
(2, 0-25). 

(b) By means of ethylmagnesium chloride. The (—)sulphonate (5 g., [a]54¢, — 16-3° in 
benzene) in ether (50 c.c.) was added to a solution of ethylmagnesium chloride (magnesium, 
0-43 g.; 1 mol.); the mixture was heated under reflux for 1 hr., then decomposed with ice and 
hydrochloric acid. The (+)$-chloro-«-phenylpropane obtained (yield almost theoretical) had 
b. p. 94°/17 mm., u%” 1-5198; [a]q359 -++ 21-2° in the homogeneous state; [a]4359 + 17-0° in 
ethyl alcohol (c, 1-171; /, 2). 

(+-)8-Bromo-a-phenylpropane, b. p. 121°/17 mm., was prepared as in (a) above, but from 
(—)sulphonate (10 g., [%]54, — 11-7° in benzene), sodium bromide (10-5 g.), and ethyl alcohol 
(15 c.c.) (Found: Br, 39-8. C,H,,Br requires Br, 39-9%). It had dj? 1-263, n?* 1-5385; 
[%]ss93 + 59° in the homogeneous state; [a]5e93 + 6-1° in ethyl alcohol (c, 1-015; /, 2). 

(+-)8-Phenyl-«-methylpropionyl chloride, b. p. 123°/16 mm., prepared by the action of 
thionyl chloride (4 g.) on the (+)acid (4 g., [«]?{, + 24-78°), had d? 1-100, nf 1-5191; [a], 
-+- 19-96°, [«]%5, + 48-08° in the homogeneous state; [«]?3,, + 17-03°, [«]%5 + 45-21° in benzene 
(c, 5-112). 

(+)6-Phenyl-a-methylpropionamide, m. p. 113—114°, obtained by the action of ammonium 
carbonate (3 g.) on the (+)acid chloride (1 g., [a]2%, + 24-94°) in ether (10 c.c.), had [«]5§, 
+ 53-07°, [a]i$9 + 118-7° in ethyl alcohol (c, 2-544). 

Di-(a-benzylethyl) Sulphide—The (—)sulphonate (12 g., [a]5799 — 23-49° in benzene) 
was heated under reflux for 10 hrs. in ethyl alcohol (15 c.c.) containing sodium sulphide 
(29-5 g.; cryst.). The main product was di-(a-benzylethyl) sulphide, b. p. 209°/16 mm. 
(Found: S, 12-0. C,,H,,S requires S, 11:9%). It had d? 1-072, n3** 1-5794; [a] 5299 + 4:25°, 
[*] 5161 + 4-9° (2, 0-25). 
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251. Organic Derivatives of Silicon. Part XLIX. The Reduction of 
the Tetranitrotetraphenylsilicanes. 


By FREDERIC S. Kippinc and JOHN C. BLACKBURN. 


TETRA-M-NITROTETRAPHENYISILICANE (Kipping and Blackburn, J., 1932, 2200) is re- 
duced by zinc and hydrochloric acid in acetic acid solution, giving tetra-m-aminotetraphenyl- 
silicane; no appreciable quantity of aniline is formed, and the base is stable towards acids 
and alkalis. When reduction is effected by tin and hydrochloric acid in acetone solution, 
however, the main product is tetraisopropyltetra-m-aminotetraphenylsilicane, owing to 
condensation with the solvent having occurred. 

The ill-defined tetranitro-compound (loc. cit., p. 2203), referred to hereafter as the solid, 
A, freed from any nitrobenzene by steam-distillation and reduced with zinc and hydrochloric 
acid in acetic acid solution, gives a complex product from which small quantities of the 
tetra-m-base, and smaller quantities of a compound, which is probably tri-m-aminotri- 
phenylsilicol (or its oxide), were isolated. During reduction, aniline is formed : this is not 
due to the prior hydrolysis of the nitro-compound, but to the fission by the acid of 
p-Si-C,H, NH, groups of the reduction product, as is shown later. The quantity of 
aniline so formed indicates that about 26% of the nitro-groups in A are in the #-position, 
an indication which is compatible with the results of earlier orientation experiments 
(loc. cit.). 

Now if the solid, A, which has been shown to be Si(C,H,*NO,),, consisted merely of 
tetra-m- and tetra-p-nitro-derivatives, and all the p-aminophenyl groups underwent fission, 
the only products of reduction would be aniline, silicic acid, and the stable tetra-m-base. 
The actual results are entirely different. Although it is impossible to assert that silica is 
not formed, no indication of its formation, as such or in a hydrated form, has been observed ; 
consequently, although there may well be a small proportion of tetra-p-nitro-compound in 
A, there cannot be very much. Further, a very large proportion of the basic reduction 
product, freed from aniline, is certainly not the tetra-m-base ; its whole behaviour is that of 
a complex mixture, from which only small quantities of fairly definite products were isolated. 

These results are readily accounted for if, as already suggested, the solid, A, is a mixture 
of isomerides containing both m- and -, and possibly some o-nitro-groups in the same mole- 
cule. From such a mixture, on reduction, in addition to the tetra-m-base, there would be 
formed, by the fission of the p-amino-radicals, not only tri-m-aminotriphenylsilicol (see 
above) or the corresponding oxide, but also di-m-aminodiphenylsilicanediol and “ m- 
aminophenylsiliconic acid”; as each of the last two might give rise to condensation pro- 
ducts, corresponding with those obtained from diphenylsilicanediol (Kipping, J., 1912, 101, 
2125) and “ phenylsiliconic acid ’” (Meads and Kipping, J., 1914, 105, 679; 1915, 107, 459 ) 
respectively, the observed complexity of the crude reduction product would be explained. 

When the reduction of A was carried out in ethereal solution with aluminium amalgam 
and water, no appreciable quantity of aniline was formed, but the tetra-m-base was the 
only product which could be isolated with the aid of neutral solvents alone. Catalytic 
reduction in a neutral solvent gave a solid which was apparently a mixture of tetra-amino- 
tetraphenylsilicanes, and from which the tetra-m-base could be isolated. The crude solid 
was partly decomposed by hydrochloric acid, and on the addition of ammonia to the solution 
aniline was liberated in quantities which showed that at least 20% of the amino-groups 
present were in the -position; evidence of the formation of tri-m-aminotriphenylsilicol 
and di-m-aminodiphenylsilicanediol as fission products was also obtained. 

These observations also seem to confirm the original view of the nature of A (loc. cit.), 
except perhaps that the presence of o-nitro-groups, for which there seemed to be some 
slight evidence, appears from later work (p. 1089) to be less probable. 


EXPERIMENTAL. 
Tetra-m-aminotetraphenylsilicane, Si(CgHyNH,),4, is obtained by adding zinc and hydro- 
chloric acid to a boiling acetic acid solution of the crystalline tetra-m-nitro-compound until a 
test portion gives no nitrobenzene when boiled with concentrated alkali. After evaporation of 
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some of the solvent, an excess of ammonium hydroxide is added to the clear solution; the 
colourless precipitate is separated, washed with water, redissolved in hydrochloric acid, reprecip- 
itated with ammonium hydroxide solution, washed again, and dried; it is finally recrystallised 
from boiling phenol, washed with alcohol, and dried at 110° (Found: C, 73°5; H, 6°6; Si, 7-0; 
Cy,H,,N,Si requires C, 72-7; H, 6-1; Si, 7-:0%). 

The base crystallises in microscopic prisms, sublimes slowly at about 350°, and melts 
(decomp.) at about 380° (uncorr.); it is almost insoluble in most of the ordinary organic media, 
and only sparingly soluble in boiling phenol, cyclohexanol, or aniline, but more so in boiling 
pyridine, from which it separates in radially-grouped, pale yellow prisms. 

The yield of the base is practically theoretical and only the merest trace of aniline, if any, 
is found in the crude reduction product. The tetrahydrochloride crystallises from the concen- 
trated acid in very slender, microscopic needles, or, slowly, in long prisms with terminal re- 
entrant angles, and is very readily soluble in water, sparingly so in alcohol and in 40% hydro- 
chloric acid ; it is not decomposed when its solution in hydrochloric acid is repeatedly evaporated 
at 100° (Found : Cl, 26-1. C,,H,,N,Si,4HClI requires Cl, 26-1%). 

The oxalate, picrate, and platinichloride are precipitated from a solution of the hydro- 
chloride on the addition of the appropriate reagent, but they seemed to be hydrolysed by water 
and did not crystallise well; the acetate is readily soluble but unstable in aqueous solution. 
The hydrochloride, with nitrous acid, gives a clear almost colourless solution, which couples with 
8-naphthol in alkaline solution, giving a red precipitate. The diazotised solution, heated alone, 
affords a colourless precipitate, which soon turns green and dissolves in caustic alkali, giving an 
intensely green solution. The tetra-m-base was apparently unchanged when it was boiled with 
a saturated aqueous or alcoholic solution of potassium hydroxide, and the formation of aniline 
could not be detected ; it is also stable towards concentrated sulphuric acid at 50—60°, and from 
the diluted solution the sulphate crystallises in long needles. 

A solution of the hydrochloride, treated with bromine-water, gives a colourless precipitate 
of a bromo-derivative which does not melt below 300° and is very sparingly soluble in the 
ordinary organic solvents; there was no evidence of fission having occurred at the ordinary 
temperature. 

The tetra-m-base is also obtained in theoretical yield when the crystalline tetranitro-com- 
pound is treated with hydrogen in ethyl acetate solution in the presence of a platinum oxide 
catalyst; under 2—3 atm., 5 g. of the nitro-compound are completely reduced in less than 2 
hours, but the reduction vessel must be continuously shaken owing to the separation of the 
tetra-m-base during the operation. The formation of aniline could not be detected. 

Tetra-m-acetamidotetraphenylsilicane, Si(CgH,NHAc),, obtained by warming the base 
with acetic anhydride, forms microscopic crystals, m. p. 300—301° (Found: Si, 4-94. 
Cy2H,0,N,Si requires Si, 4-96%). It is sparingly soluble in most of the ordinary media, but 
dissolves freely in hot phenol and boiling acetic acid; when boiled with alcoholic potash, it 
gives the tetra-m-base, and again the formation of aniline could not be detected. 

Tetraisopropyltetra-m-aminotetraphenylsilicane, Si(CgH,NHPr®),, is formed when the 
m-nitro-compound is treated with tin and hydrochloric acid in boiling acetone solution until 
reduction is complete; from the acetone-free solution the tin is precipitated with hydrogen 
sulphide, and the base is then liberated with ammonium hydroxide solution. The washed, 
solid product, fractionated from alcoholic acetone, melts at 135° (Found : C, 75-8, 75-9; H, 8-7, 
8-5; N, 10-5; Si, 4:8. Cy ,H,,N,Si requires C, 76-6; H, 8-5; N, 9-9; Si, 49%). From these 
results it is concluded that the initial reduction product condenses with the acetone, further 
reduction then giving the tetraisopropyl derivative. 

A considerable proportion of the basic products is adsorbed by the precipitated tin sulphides, 
but can be obtained by treating the precipitate with ammonium sulphide; when this is done, 
the yield of the tetrazsopropyl base is about 78% of the theoretical; the remainder, contained in 
the alcoholic-acetone mother-liquors, does not crystallise and is probably a mixture of mono-, 
di-, and tri-isopropyl derivatives. The compound, m. p. 135°, separates from alcohol in well- 
defined radially-grouped prisms, and is very readily soluble in acetone, ethyl acetate, and 
chloroform, but less so in alcohol. The crystalline tetrahydrochloride is readily soluble in water, 
stable at 100°, and melts above 300° (decomp.) (Found: Cl, 19-7. C,,H,,N,Si,4HCl requires 
Cl, 20-:0%). Its acid solution gives with sodium nitrite a pale yellow precipitate, the filtrate 
from which gives no precipitate with an alkaline solution of 8-naphthol. 

The reduction of the tetra-m-nitro-compound with zinc and hydrochloric acid in acetone 
solution also gives the tetraisopropyl derivative, but in smaller yields, and in some cases a con- 
siderable proportion of the much more sparingly soluble tetra-m-amino-base is also obtained. 
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Reduction of A.—Preparations of A, freed from the crystalline tetra-m-compound so far as 
possible, and from any nitrobenzene by steam-distillation, are very slowly reduced by tin and 
hydrochloric acid in boiling acetone solution, and converted entirely into basic substances with- 
out appreciable separation of silica; they are, therefore, free from tetraphenylsilicane, and 
probably also from the tetra-p-nitro-derivative (p. 1085). When the organic solvent is expelled, 
the tin precipitated with hydrogen sulphide, and the filtered solution evaporated, there remains 
a mixture of glue-like and crystalline hydrochlorides, in which the presence of a large proportion 
of aniline hydrochloride was conclusively proved, although the reduction product had never been 
treated with any basic hydroxide. Owing to the adsorption of so much of the basic product by 
the bulky precipitate of tin sulphides, the probability of the formation of isopropyl derivatives, 
and the uninviting character of the dark basic mixture obtained from the hydrochlorides, this 
method of reduction was abandoned. 

In boiling acetic acid solution, with zinc and hydrochloric acid, reduction takes place more 
rapidly, again without visible separation of silica; after the evaporation of most of the acetic 
acid, and the addition of excess of ammonium hydroxide solution, the whole product, submitted 
to steam-distillation, affords a quantity of aniline, estimated as tribromoaniline, corresponding 
with that which would have been formed by the fission of some 26% of the -Si-C,H,*NH, groups 
in the crude reduction product; the results were 27-9, 24-2, 25-8, and 26-5% in four separate 
experiments with various preparations. This fission has doubtless occurred before the addition 
of ammonia (see above) : if the bases precipitated in the cold are separated and washed before 
steam-distillation, they do not give any appreciable quantity of aniline when they are heated 
with ammonia, but sometimes give a little when they are steam-distilled with sodium hydroxide 
solution. 

The basic mixture precipitated by ammonia, and freed from zinc hydroxide by re-solution, 
etc., is a puce-coloured, apparently non-crystalline solid, the yield of which is only about 40— 
50% of the theoretical; when treated with cold acetone, a small proportion usually remains 
undissolved, and from this material it is easy to isolate a small proportion of pure tetra-m-base, 
formed from the crystalline tetra-m-nitro-compound, some of which, no doubt, remains in A 
even after prolonged fractionation. The acetone extract of the basic mixture gave on evapor- 
ation a dark, glue-like mass which, after having been decolorised with charcoal, was fractionally 
precipitated from acetone with alcohol; after the separation of any tetra-m-base, the more 
soluble portions were systematically fractionated from alcohol alone, and finally some of the more 
(not the most) soluble material was converted into its hydrochloride. This salt, fractionated 
from hydrochloric acid, gave finally a product which seemed to be pure, and crystallised in 
colourless leaflets (Found : Cl, 24:3. C,,H,,ON;Si,3HCI requires Cl, 24-7%). This same salt was 
isolated in another way. The aqueous ammoniacal solution from which, after steam-distill- 
ation, the precipitated bases had been separated by filtration, when extracted with ether, gave a 
dark brown, glue-like substance (about 0-8 g. from 10 g. of nitro-compound) from which, after 
treatment with hydrochloric acid, a small proportion of a crystalline hydrochloride was obtained 
(Found : Cl, 24-5%). From these results it is concluded that the salt is the trihydrochloride of 
tri-m-aminotriphenylsilicol or the corresponding oxide; the free base was precipitated with am- 
monium hydroxide solution and dried at 100° (Found: Si, 9-1. C,,H,,ON,Si requires Si, 
8-7%. The oxide requires Si, 8-96%), but it seemed to be amorphous and impure. 

Preparations of A were also treated in ethereal solution with aluminium amalgam and water ; 
reduction occurred slowly and, as expected, without the formation of any appreciable quantity 
of aniline, but a very large relative quantity of the amalgam had to be used, and as much as 
60% of the product was occluded by the aluminium hydroxide, from which it could not’ be 
extracted with organic solvents. The filtered ethereal solution gave on evaporation an orange 
or reddish-brown residue from which nothing definite except a little tetra-m-base could be isol- 
ated by fractionation. As treatment with acids gave black solutions, containing aniline, 
as the result of fission, this reduction method was abandoned. 

The more sparingly soluble fractions of A, in ethyl acetate solution, were reduced by 
hydrogen under 2—3 atm. pressure in the presence of platinum oxide and completely converted 
into bases, usually with the separation of some tetra-m-compound; the more soluble fractions 
were attacked much more slowly, and it was difficult to ensure complete reduction. The pale 
yellow solution, filtered from the catalyst and tetra-m-base, did not give aniline when a portion 
was submitted to steam-distillation, and afforded on evaporation an orange, apparently amor- 
phous powder, which, freed from solvent, seemed to be a mixture of tetra-aminotetraphenyl- 
silicanes [Found : H, 5-8, 5-8; Si, 6-94. Calc for (C,H,*NH,),Si : H, 6-06; Si, 7-0%]. 

The percentage of carbon could not be estimated owing to incomplete combustion. The 
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powder dissolved freely in acetone and various other solvents, giving red solutions from which 
only the tetra-m-base could be isolated. When heated with hydrochloric acid at 100° in an 
atmosphere of carbon dioxide during several hours, the red solution became almost black; 
treated with an excess of ammonium hydroxide, and submitted to steam-distillation, it gave 
aniline in a yield which showed that about 20% of the *C,H,-NH, groups in the orange tetra- 
amino-compound had undergone fission. The black solid then obtained by filtering the am- 
moniacal solution was extracted with dilute hydrochloric acid, and was then reprecipitated with 
ammonium hydroxide as a greenish, apparently amorphous solid; this product was a primary 
base, soluble in acetone and alcohol, and it did not give aniline when boiled with 10% potassium 
hydroxide solution during about 30 minutes: it was probably impure tri-m-aminotripheny]l- 
silicol (Found : Si, 8-65. Calc. for C,,H,,ON,Si: Si, 8-72%). Some evidence of the formation 
of di-m-aminodiphenylsilicanediol, or one of its condensation products, was also obtained; the 
ammoniacal solution, filtered from the black solid, gave on evaporation a dark brown product 
which was a primary base, sparingly soluble in alcohol, stable towards potassium hydroxide 
(Found: Si, 11-7. Calc. for C,,H,,O,NSi: Si, 11-4%). 

Most of the crude reduction products of A were of a highly uninviting character, and even 
if originally only slightly coloured, they darkened and gave coloured solutions with organic 
solvents or with acids. 

The analyses of the impure, indefinite reduction products are given merely because they 
afford strong evidence that some of the tetra-aminotetraphenylsilicanes undergo fission, giving 
stable tri-m- and di-m-amino-compounds. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, May 14th, 1935.]} 





252. Organic Derivatives of Silicon. Part L. The Nitration of Phenyl- 
triethyl-, Diphenyldiethyl-, and Triphenylethyl-silicane. 
By Freperic S. Kippinc and Noer W. Cusa. 


In order to check some of the conclusions based on the results of the investigation of the 
tetranitrotetraphenylsilicanes (Kipping and Blackburn, J., 1932, 2200; preceding paper), 
the nitration products of some related silicohydrocarbons have been studied. Phenyl- 
triethylsilicane, treated with nitric acid in acetic anhydride solution, gives an oily nitro- 
derivative which can be distilled. With bromine and water at 110°, the crude preparation 
affords triethylsilicyl oxide, and at least 95% of the theoretical quantity of bromonitro- 
benzenes; 82% of the latter product can be isolated as p- and 5% as m-bromonitrobenzene 
by fractional crystallisation from alcohol. On reduction with tin and hydrochloric acid, 
the nitro-compound gives aniline, the yield of which shows that the whole of the p-amino- 
compound has undergone fission. 

Diphenyldiethylstlicane similarly gives an oily dinitro-derivative, which cannot be 
distilled. The crude product, kept at 0°, very slowly deposits about 11% of crystalline 
di-m-nitrodiphenyldiethylsilicane, which is completely decomposed by bromine and water 
at 110°, giving 98%, of the theoretical quantity of m-bromonitrobenzene; on reduction 
this crystalline compound is completely converted into di-m-aminodiphenyldiethyl- 
silicane, which is stable towards hydrochloric acid at 100° and is only slowly decomposed 
by a boiling 10% solution of potassium hydroxide. 

The oily portion of the dinitro-derivative, with bromine and water at 110°, gives 97% 
of the theoretical quantity of bromonitrobenzenes, 76% of which can be isolated as p- 
and 14% as m-bromonitrobenzene by fractional crystallisation ; on reduction in acid solu- 
tion the oily dinitro-compound gives a large proportion of aniline. 

Triphenylethylsilicane is much less readily nitrated in acetic anhydride solution than 
the foregoing silicanes, and some decomposition occurs with the formation of nitrobenzene ; 
the impure mixture of trinitro-compounds, decomposed as before, gives an 85%, yield of 
bromonitrobenzenes, 36°, of which can be isolated as p- and 44% as m-bromonitrobenzene. 

The proportion of p- + 0-bromonitrobenzene in the fission products of all three oily 
nitro-compounds was determined by Dimroth’s method (Amnalen, 1925, 446, 148); that 
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of the m-derivative, obtained by difference, was of course much larger than that isolated 
by fractional crystallisation, but the percentage of p- + o-compounds found in this way 
was practically the same as that of the p-derivative which had been isolated. It seems, 
therefore, that o-substitution does not take place to any appreciable extent with any of 
the three silicohydrocarbons, possibly owing to steric hindrance; it may be inferred that 
this is also true in the case of tetraphenylsilicane. 

The orientation results are given in the following table, those for tetraphenylsilicane 
being included for the sake of comparison. 


I, II. IIT. IV. 


Isolated from Percentage of Probable % of p- and 
volatile in 100 parts of ~p +oby Dim- m-NO, groups in crude 
Compound steam: % of fission product. roth’s method. _ product of nitration. 


nitrated. theoretical. p. m. p. m. 
82 5 82 8 17 
76 14 78 70 30 
36 44 40 40 60 
30 60 —- 24 76 


Fission product 


The values for the dinitrodiphenyldiethylsilicanes in col. IV are calculated after allowance 
has been made for the 11% of crystalline m-compound, and those for triphenylethylsilicane 
on the assumption that the missing 15% of fission products would contain the same pro- 
portion of isomerides as shown in III. The values for the tetranitrotetraphenylsilicanes 
are calculated from the proportion of aniline formed by the reduction of the non-crystalline 
A (p. 1087) on the assumption that all the f- and none of the m-aminopheny]l groups are 
eliminated; allowance is also made for the 10% of crystalline tetra-m-compound which 
had been separated before reduction. The probable value so obtained agrees fairly well 
with that calculated from the complex results of the decomposition of A with bromine; 
but this calculation involves certain assumptions which may not be justified. 

The nitration of tetraphenylsilicane was carried out under conditions different from those 
employed in the other three cases (loc. cit.), so the results are not strictly comparable; 
it was found, however, that with acetic anhydride and nitric acid, tetraphenylsilicane 
gave a product from which, as from that previously described, about 10% of crystalline 
tetra-m-nitro-derivative could be isolated. As orientation experiments with the glue- 
like main product, as with A, would have given only very rough results, owing to the 
great stability of the material, they were not attempted. 

It may now be concluded that fission with bromine at 110° takes place normally both 
with m- and with #-nitrophenyl groups, and that, although a much higher temperature 
is required in the case of the tetranitrotetraphenylsilicanes, the m-bromonitrobenzene 
which is obtained, both from the crystalline and from the non-crystalline preparation, A, 
is not formed, subsequent to fission, by the bromination of nitrobenzene. 

The behaviour of nitrophenyltriethylsilicane and of the oily dinitrodiphenyldiethyl- 
silicanes on reduction shows that a p-Si-C,H,*NH, link very readily undergoes fission by 
acids; the m-aminophenyl group, on the other hand, is stable not only towards acids 
but also, particularly in the case of the tetra-m-base, towards boiling alkalis. The 
SitC,H,*NO, group, on the other hand, whether f- or m-, is very stable towards acids, 
but much less so towards boiling alkalis. 

The deposition of about 11% of crystalline di-m-dinitrodiphenylsilicane from an oil 
which contains at least 70% of its nitro-groups in the #-position is surprising, as is also the 
failure to obtain the corresponding di-p-derivative in crystals even after systematic 
fractionation; even if m- and #-substitution occur in the same molecule, there must be 
a considerable proportion of the di-f-compound in the mixture. 

That the nitration product of triphenylethylsilicane does not afford any crystalline 
substance when it is fractionated, might possibly be due to the presence of decomposition 
products, but its behaviour in this respect recalls that of the trinitro-derivative of triphenyl- 
carbinol and of triphenylacetonitrile (Vorlander, Ber., 1925, 58, 1900; not Ber., 1922, 55, 
as previously given, J., 1932, 2201). In all these cases, therefore, it seems more probable 
that, as has been suggested in the case of tetraphenylsilicane, the nitration product is a 
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complex mixture, owing to the occurrence of m- and #-nitration in the same molecule. 
The behaviour of dinitrodiphenyldiethylsilicane is rather against this suggestion, but the 
results of the reduction of tetranitrotetraphenylsilicane (A) are strongly in its favour. 

It is obvious that the results given in the table are of the graded character invariably 
observed when identical atoms or groups in a side chain (other than a strong pole) are 
successively displaced by other identical atoms or groups, as, é.g., in the case of toluene 
and its side-chain halogen derivatives. The strongly m-orientating effect of SiPh,, 
however, contrasts with the exclusively p-effect of CPhg, or, more accurately (unless all 
the phenyl radicals are attacked simultaneously), the average effect of the SiPh, group and 
its nitro-derivatives is very different from that of the corresponding carbon analogues; 
SiPhgs, in fact, is more strongly m-orientating than CCl,, although rather less so than 
NO,. 
Now when the carbon-silicon link, Si-Ph, undergoes fission by the action of acids 
or alkalis, the silicon atom combines with hydroxyl; it may therefore be marked + with 
regard to the carbon atom to which it is united, and according to certain views should be 
m-orientating. The behaviour of tetraphenylsilicane would then be normal, although it 
is surprising that an inert group, SiPhg3, should have an effect comparable with that of 
a strong pole, such as NMe,. The group SiEt,, on the other hand, is almost exclusively 
p-orientating although (a) the silicon atom must still be marked +, (6) Ph and Et as such 
are both o, p-orientating, and (c) SiEt, is less unlike NMe,g than is SiPhg. 

The pronounced instability of the Si-C,H,-NH, link in the #-derivatives of both 
SiEt,Ph and SiPh,, as compared with that of the same link in the m-compounds, is also 
noteworthy. 

Although several benzylalkylsilicanes have been sulphonated, giving apparently #- 
substitution products (Kipping, J., 1908, 98, 457), the only orientation results of the 
nitration of substituted silicanes, other than the above, are those for tetraphenylsilicane 
recorded by Vorlander (loc. cit.), who concluded that mainly p-compounds are formed. 

Such evidence, apparently, is the basis of the following statement in a recent text-book 
on “‘ The Electronic Theory of Chemistry”: “ The effect of alkyl groups is therefore to 
promote, though not very powerfully, 0,-substitution, and similar substitution has also 
been observed to occur when hydrogen is replaced by a tetracovalent silicon atom.” If 
the last four words mean any group, SiPhR;, whatever may be the nature of R, it is clear 
that the statement is incorrect, and the results here described may therefore be of some 
interest in the theory of aromatic substitution. 


EXPERIMENTAL. 


(1) Phenyltriethylsilicane was prepared by Bygdén’s method (Ber., 1912, 45, 709). 

Nitrophenyltriethylsilicane, SiEt,;-C,H,-NO,, was obtained by dropping the silicohydro- 
carbon into twice the theoretical quantity of nitric acid (d 1-5) dissolved in acetic anhydride 
(10 vols.), the solution being well stirred and kept below 0°. The product was poured on a 
mixture of crushed ice and concentrated ammonium hydroxide solution, and after some time 
the oil was extracted with ether. The orange, viscous product obtained by evaporating the 
dried extract (yield 98%) (Found: N, 6-0. Calc. for C,,H,,O,NSi: N, 5-8%) distilled at 
ca. 300—314° under atmospheric pressure (140—160°/12—14 mm.), but after repeated distil- 
lation it was still red, and even under 2 mm. the process was accompanied by some decomposition. 
Since it appeared impossible to separate the isomerides, the undistilled oil was heated with water 
and a slight excess of bromine in a sealed tube at 110° during 3 hours, and the fission products 
were distilled in steam. The data subsequently obtained are recorded on p. 1088 and in the 
table. ; 

The product non-volatile in steam was a pale yellow glue-like substance, free from nitrogen, 
which was doubtless triethylsilicyl oxide (Found: Si, 23-0. Calc. for C,,H,,OSi,: Si, 22-9%). 

Nitrophenyltriethylsilicane was slowly attacked by boiling alkalis, giving nitrobenzene. 
On reduction with tin and hydrochloric acid, a fraction of a distilled sample afforded aniline in 
quantities which showed that about 90% of the amino-compound had undergone fission : 
catalytic reduction with hydrogen could not be effected. 

(2) Diphenyldiethylsilicane was prepared by the interaction of diphenylsilicon dichloride 
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(1 mol.) and ethylmagnesium bromide (3 mols.) at 160—180°; the reaction product was added 
to ice, the oil extracted with ether, dried, and distilled: b. p. 295—298°/760 mm. (yield 98%) 
(Found: C, 80-0; H, 7-1. C,gHgSi requires C, 79-9; H, 7-3%). 

Dinitrodiphenyldiethylsilicane, SiEt,(C,H,-NO,),, was prepared by the method already 
described, except that 2-5—-3 times the theoretical quantity of nitric acid was required for com- 
plete nitration. The product was a reddish oil, which could not be distilled even under 2 mm., 
and from which no crystalline material could be isolated by fractionation from various solvents ; 
the solvent-free substance, however, when kept below 0° during several weeks, deposited crystals, 
which were separated by filtration (4-5 g. from 40 g. of the crude product of nitration). 

Di-m-nitrodiphenyldiethylsilicane, thus obtained, is moderately soluble in most of the com- 
mon solvents, and crystallises from alcohol in prisms, m. p. 102—103° (Found: C, 58-6, 57-9; 
H, 5-2, 5-2; N, 8-5. Cy gH,,0,N,Si requires C, 58-1; H, 5-4; N, 84%). It is only slowly 
attacked by alkalis, giving nitrobenzene, and differs from tetra-m-nitrotetraphenylsilicane in 
that it is attacked both by fuming nitric acid and by hot concentrated sulphuric acid, giving 
nitrobenzene. When decomposed by bromine as above, it gives 98% of the theoretical quantity 
of m-nitrobromobenzene and no other volatile product. When reduced, either with zinc and 
hydrochloric acid in acetic acid solution, or with hydrogen in ethyl acetate solution in the pre- 
sence of platinum-black, it affords the corresponding base in good yield. 

Di-m-aminodiphenyldiethylsilicane is best prepared by reducing the nitro-compound cata- 
lytically. The filtered solution of the product gives on evaporation a colourless glass which 
rapidly crystallises, and separates from alcohol in small, shining plates, m. p. 89—90° (Found : 
C, 71-4, 70-9; H, 8-2, 7-9; N, 10-8. C,gH,,N,Si requires C, 71-0; H, 8-1; N, 10-4%). This 
base is soluble in the common solvents and in mineral acids. It is not decomposed when a 
solution of its hydrochloride is boiled with hydrochloric acid during 30 mins., and when it is 
heated during an hour with 10% solution of potassium hydroxide it gives only about 10-5% 
of its weight of aniline. 

The diacetyl derivative, easily obtained with acetyl chloride, crystallises from aqueous 
alcohol in colourless plates, m. p. 163—164°, and is sparingly soluble in benzene, ether, and 
chloroform, but dissolves freely in acetone and alcohol (Found: C, 67-5; H, 7-5. CggH,,gN,Si 
requires C, 67-7; H, 7-3%). 

The red, oily nitration product, from which the crystalline di-m-nitro-compound had been 
separated, did not afford any more crystalline material when it was fractionally precipitated, 
although it seemed to consist mainly of dinitrodiphenyldiethylsilicane (Found: N, 8-2%). 
The results of decomposition by bromine are given in the table. 

On reduction in acid or alkaline solution, the oily dinitro-compound gave aniline and some 
tar-like bases which partly decomposed when kept, yielding dark non-basic products. Cata- 
lytic reduction could not be brought about. 

(3) Triphenylethylsilicane was prepared by the method of Marsden and Kipping (J., 1908, 
93, 198). Its nitration in acetic anhydride solution was difficult to complete without the 
formation of by-products, and 4—65 times the theoretical quantity of nitric acid had to be used ; 
nitrobenzene, in quantities corresponding with the complete decomposition of about 5-4% of 
the silico-hydrocarbon, was usually formed. 

The product, freed from nitrobenzene and dried, was a yellowish-brown, glue-like material 
(Found: N, 9-3. Calc. for C,5H,,O,N,Si: N, 9:9%). Repeated fractionation having failed 
to isolate any crystalline compound, a sample of the original preparation was treated with bromine 
and water, with the results given in the table. 

The nitration products of other aromatic derivatives of silicane will be studied. 

Note.—Dicyclohexylphenylethylsilicane, described previously as a liquid (Cusa and Kipping, 
J., 1933, 1020), solidified in the course of some months, and after having been pressed on porous 
earthenware, it crystallised from alcoholic acetone in colourless prisms, m. p. 52—53°. It was 
very soluble in all the common solvents, except alcohol. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, May 14th, 1935.] 
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253. The w-3-Amino-4-methoxy- and -ethoxy-benzoyl Derivatives of 
Propionic, Butyric, and Valeric Acid. 


By S. G. P. PLant and (Miss) M. E. ToMLInson. 


STEREOCHEMICAL considerations (Plant, J., 1933, 1586) indicate that 3-m-aminobenzoy]- 
valeric acid (I; R= H; » = 4) might yield a compound containing a cyclic structure 
attached in the meta-positions by loss of water, but preliminary experiments have shown 
that, since the nitration of 3-benzoylvaleric acid leads to a mixture of products, the prepar- 
ation of relatively large quantities of the amino-acid is difficult. Attention has there- 
fore been given to the production of amino-acids (I; R = OMe and OEt; m = 4) in which 
the substitution process is simplified without affecting the suitability 
R of the substances for the purposes of cyclisation. Friedel-Crafts 
NH, reactions between adipic anhydride and anisole or phenetole give 
respectively a mixture of 8-anisoylvaleric acid with «3-dianisoylbutane, 
CO-[CH,],CO,H and the analogous phenetoyl compounds. The formation of these 
(I) derivatives is further evidence of the polymeric character of adipic 
anhydride (Hill, J. Amer. Chem. Soc., 1930, 52, 4110). Nitration of 
-anisoyl- and 8-phenetoy!-valeric acid proceeded smoothly, and the nitro-acids, the con- 
stitutions of which were established by oxidation to 3-nitro-4-methoxy- and 3-nitro-4- 
ethoxy-benzoic acid respectively, readily gave the amino-acids (1; R = OMe and OEt; 
n = 4) on reduction. 

The replacement of the amino-group in these acids by other radicals such as OH, CO,H, 
NH-CH,°CO,H, and O-CH,°CO,H would lead to substances which might undergo cyclisation 
through the meta-positions, and in certain cases derivatives simpler than those of valeric 
acid could be employed. §-Anisoyl- and @-phenetoyl-propionic acids have therefore been 
similarly converted into the amino-acids (I; R = OMe and OEt ; = 2), and y-anisoyl- and 
y-phenetoyl-butyric acids into the amino-acids (I; R = OMe and OEt ; = 3), but attempts 
to effect simple cyclisation in the valeric acid derivatives have been unsuccessful, and 
efforts to convert the various amino-acids into other substances along the lines mentioned 
have indicated their general unsuitability for the object in view. The recent preparation 
by Ziegler and Liittringhaus (Amnalen, 1934, 511, 1) and Spanagel and Carothers (J. Amer. 
Chem. Soc., 1935, 57, 935) of several compounds containing a ring system in the meta- 
positions illustrates the theoretical deductions referred to, and makes a continuation of the 
present experiments unnecessary. 

EXPERIMENTAL. 


8-A nisoylvaleric Acid and «8-Dianisoylbutane.—Crude adipic anhydride, prepared by reflux- 
ing the acid with an excess of acetic anhydride for 6 hours and removing the volatile material 
under reduced pressure at 100° (compare Hill, Joc. cit.), proved to be entirely satisfactory for the 
following experiments. A mixture of the anhydride (40 g.), anisole (60 c.c.), and carbon di- 
sulphide (100 c.c.) was treated gradually with aluminium chloride (60 g.) and then refluxed 
for 3 hours. The solvent was allowed to evaporate, the residue treated with ice—dilute hydro- 
chloric acid, and excess of anisole removed in steam. When the product, which solidified on 
cooling, was extracted with warm aqueous sodium carbonate, ad-dianisoylbutane (compare 
Fuson, Kuykendall, and Wilhelm, J. Amer. Chem. Soc., 1931, 53, 4187), colourless prisms, m. p. 
144°, from alcohol, remained, while acidification of the filtered solution precipitated 3-anisoyl- 
valeric acid (idem, ibid.), colourless plates, m. p. 127°, from alcohol. The yields of both sub- 
stances were good, but varied in different experiments. In a typical case the diketone amounted 
to 14 g., and the acid to 16 g. 

The diketone (24 g.) was shaken with amalgamated granulated zinc (400 g.) and a little 
concentrated hydrochloric acid, and the mixture left over-night. After the addition of more 
hydrochloric acid, the whole was refluxed for 12 hours, and the product then extracted with 
ether. When the extract had been well washed with water, dried, and evaporated, the residue 
gave at-di-p-anisylhexane, colourless plates (9-5 g.), m. p. 69—71°, from alcohol, on distillation 
(b. p. 250—260°/23 mm.) (Found : C, 80-5; H, 8-8. C,)H,,O, requires C, 80-5; H, 8-7%). 

When reduced similarly, 3-anisoylvaleric acid (35 g.) gave e-p-anisylhexoic acid (24 g.), m. p. 
47—49° (Found: C, 70-2; H, 8-1. (C,3H,,O, requires C, 70-3; H, 8-1%), the crude product 
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being purified by solution in aqueous sodium carbonate, reprecipitation, and distillation (b. p. 
208—210°/14 mm.), 

8-3-A mino-4-methoxybenzoylvaleric Acid.—Potassium nitrate (6-6 g.) was added gradually 
to a solution of 3-anisoylvaleric acid (15 g.) in concentrated sulphuric acid (90 c.c.) at between 
— 5° and 0°, and the product precipitated by pouring on ice. 8-3-Nitro-4-methoxybenzoyl- 
valeric acid, pale yellow plates, m. p. 107—109°, was then obtained (12-5 g.) on crystallisation 
from benzene (Found : C, 55-3; H, 5-2. C,3;H,,0,N requires C, 55-5; H, 53%). When a solu- 
tion of this acid in nitric acid (d 1-42) was boiled for 5 minutes, oxides of nitrogen were evolved, 
and the product, m. p. 190°, obtained by dilution with water was shown by mixed m. p. with an 
authentic specimen to be 3-nitro-4-methoxybenzoic acid. 

A hot solution of the nitro-acid (12-5 g.) in dilute ammonia was added in portions to a boiling 
solution of ferrous sulphate (90 g.) to which an excess of ammonia (d 0-88) had been added. 
The whole was boiled for 10 minutes with frequent shaking, filtered, and the filtrate concentrated 
on the steam-bath. 8-3-Amino-4-methoxybenzoylvaleric acid, brown plates, (4-6 g.), m. p. 116°, 
from alcohol, gradually separated as an oil which solidified on cooling (Found : C, 62-1; H, 6-7. 
C,3;H,,0,N requires C, 62-1; H, 6.8%). The amino-acid was readily dissolved by dilute sul- 
phuric acid and by dilute aqueous sodium carbonate. 

3-Phenetoylvaleric Acid Derivatives.—The following were prepared from phenetole by methods 
similar to those described above for the corresponding methoxy-compounds : «3-diphenetoyl- 
butane, colourless plates, m. p. 127°, from alcohol (Found : C, 74-6; H, 7-5. C,,.H,.O, requires 
C, 74-6; H, 7-3%) ; 8-phenetoylvaleric acid, colourless plates, m. p. 110°, from benzene (Found : 
C, 67-2; H, 7-1. CH ,,O0, requires C, 67-2; H, 7-2%); «€-di-p-phenetylhexane, colourless plates, 
m. p. 69—70°, from alcohol (Found: C, 80-9; H, 9-2. C,,H;,O, requires C, 81-0; H, 9-2%); 
e-p-phenetylhexoic acid, colourless plates, m. p. 57°, from petroleum (Found: C, 71-2; H, 8-4. 
C,,4H,.O, requires C, 71-2; H, 8-4%); 8-3-nitvo-4-ethoxybenzoylvaleric acid, colourless prisms, 
m. p. 110°, from benzene (Found: N, 4-9. C,,H,,0O,N requires N, 4-7%) ; 8-3-amino-4-ethoxy- 
enzoylvaleric acid, pink plates, m. p. 102°, from benzene (Found : C, 63-6; H, 7-0. C,4H,,0,N 
requires C, 63-4; H, 7-2%). 

A solution of 8-3-nitro-4-ethoxybenzoylvaleric acid (2 g.) in nitric acid (20 c.c., d 1-42) was 
warmed on the steam-bath until oxides of nitrogen ceased to be evolved, and poured on ice. 
The solution of the precipitated solid in ammonia was extracted with ether, and 3-nitro-4- 
ethoxybenzoic acid, colourless plates, m. p. 198°, from alcohol, then recovered by the addition of 
hydrochloric acid. Its identity was established by mixed m. p. with an authentic specimen 
(King and Murch, J., 1925, 127, 2632). 

Derivatives of 8-Benzoylpropionic Acid.—{-3-Nitro-4-methoxybenzoylpropionic acid, 
obtained from $-anisoylpropionic acid (prepared as described by Bargellini and Giua, Chem. 
Zentr., 1912, i, 1555), by nitration as above gave 3-nitro-4-methoxybenzoic acid (mixed m. p.) 
on oxidation with boiling nitric acid (d 1-42). It separated from alcohol in pale yellow prisms, 
but was difficult to obtain pure. Nevertheless, it readily gave {-3-amino-4-methoxybenzoyl- 
propionic acid, colourless needles, m. p. 138°, from water, on reduction as above (Found: N, 
6-3. C,,H,,0,N requires N, 6-3%). 

8-3-Nitro-4-ethoxybenzoylpropionic acid, colourless needles, m. p. 153°, from alcohol (Found : 
N, 5-1. C,,H,,;0,N requires N, 5-2%), and 8-3-amino-4-ethoxybenzoylpropionic acid, colourless 
plates, m. p. 144—146°, from water (charcoal) (Found : C, 60-7; H, 6-5. C,,H,,O,N requires 
C, 60-7; H, 6-3%), were similarly prepared from $-phenetoylpropionic acid (previously described 
by Gabriel and Colman, Ber., 1899, 32, 395), and the former oxidised to 3-nitro-4-ethoxybenzoic 
acid (identified by mixed m. p.). 

Derivatives of y-Benzoylbutyric Acid.—The following were prepared from y-anisoyl- and 
y-phenetoyl-butyric acid (Plant and Tomlinson, this vol., p. 856) by processes similar to those 
used for the corresponding derivatives of 8-benzoylpropionic acid : y-3-nitro-4-methoxybenzoyl- 
butyric acid, colourless prisms, m. p. 145°, from alcohol (Found : N, 4:9, C,,H,,0,N requires N, 
5-2%), oxidised to 3-nitro-4-methoxybenzoic acid; +y-3-amino-4-methoxybenzoylbutyric acid, 
pale brown needles, m. p. 162—164°, from alcohol (Found : C, 60-8; H, 6-4. C,,H,,0,N requires 
C, 60-7; H, 6-3%); y-3-nitro-4-ethoxybenzoylbutyric acid, colourless plates, m. p. 127°, from 
benzene (Found: N, 5-1. C,;H,,0,N requires N, 5-0%), oxidised to 3-nitro-4-ethoxybenzoic 
acid; y-3-amino-4-ethoxybenzoylbutyric acid, almost colourless plates, m. p. 176—178°, from 
alcohol (Found : C, 62-1; H, 6-9. C,,;H,,O,N requires C, 62-1; H, 6-8%). 
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254. Modified Cinchona Alkaloids. Part III. Chlorodihydro-bases, 


By Joun A. Goopson. 


As part of a general chemical and biological investigation of natural anti-malarial drugs, 
including the cinchona alkaloids and their derivatives, now proceeding in these laboratories, 
the author set out to prepare the hydrogen chloride addition products of the four primary 
cinchona alkaloids, quinine, quinidine, cinchonidine, and cinchonine. Though a somewhat 
extensive literature on these products exists, only two of them have been more or less 
definitely characterised, viz., “‘ hydrochloroquinine ” (Comstock and Koenigs, Ber., 1887, 
20, 2517; Hesse, Annalen, 1893, 276, 125) and the “ chlorocinchonide ”’ of Zorn (J. pr. 
Chem., 1874, 8, 284), which Konek (Monatsh., 1895, 16, 321) has shown is identical with 
“ hydrochlorocinchonine ” prepared by the method of Comstock and Koenigs (loc. cit.). 
As these products are chloro-derivatives of dihydroquinine and dihydrocinchonine re- 
spectively, it is proposed to rename them on this basis and to adopt analogous names for 
the corresponding derivatives of cinchonidine and quinidine. 

In the addition of hydrogen chloride at the double bond in the vinyl group of cinchona 
alkaloids, should the chlorine become attached to the 8-carbon atom, one chlorodihydro-base 
would be formed; if the chlorine entered the «-position, two stereoisomerides would be 
produced, and if addition of chlorine occurred on both the a- and the @-carbon atom, three 
compounds would result. No record of more than one chlorodihydro-base being formed by 
the direct addition of hydrogen chloride to a cinchona base has been found in the literature, 
although Rosenmund and Kittler (Arch. Pharm., 1924, 262, 18) have recorded the isolation 
of two isomerides having the composition of iododihydroquinine from the products of 
the action of hydrogen iodide on quinine, and Comstock and Koenigs (loc. cit., p. 2515) 
and Christensen (J. pr. Chem., 1905, 71, 1) have noted the formation of two cinchonine 
dibromides by the action of bromine on cinchonine. If, as it seems reasonable to assume, 
bromine adds on at the vinyl group, the formation of two isomerides must be due to the 
bromine atom entering the «-position, with the formation of a new centre of asymmetry. 

In the present investigation only two isomerides having the composition of chlorodihydro- 
bases have been isolated in each case from the products of the action of hydrogen chloride 
on quinine, cinchonine, cinchonidine, and quinidine, respectively, whether the reaction 
takes place under the conditions of Comstock and Koenigs (loc. cit.) or of Hesse (loc. cit.). 
Since, in the former method, the chlorine-containing bases are formed at room temper- 
ature, it appears justifiable to consider these as the products of addition of hydrogen 
chloride to the unaltered bases, and the production of two isomerides as due to the addition 
of the chlorine atom at the «-carbon atom, giving rise to two stereoisomerides. It is 
proposed to call the isomeride with the higher optical rotation the «-, and the other the 
«'-chlorodihydro-base. The quinine, cinchonine, and cinchonidine used were good 
commercial specimens. The quinidine was freed from dihydroquinidine by the process 
described recently by Buttle, Henry, and Trevan (Biochem. J., 1934, 28, 426), or by that of 
Thron and Dirscherl (Annalen, 1935, 515, 252). 

The cuprichlorides of the chlorodihydro-bases described exhibit two features of interest. 
Buttle, Henry, and Trevan have shown already (loc. cit.) that Cohen’s view (J., 1933, 996) 
that cupric chloride is a specific precipitant for cinchona alkaloids containing the viny! 
side chain intact, is untenable, and this is now confirmed by the preparation of cuprichlorides 
from these bases, in which the vinyl group has been saturated by the addition of hydrogen 
chloride. The chlorodihydrocinchonine cuprichlorides, unlike other products of this type, 
separate into their components on recrystallisation from concentrated hydrochloric acid, 
unless cupric chloride is also present in excess. All the cuprichlorides described are of the 
normal type, B,2HC1,CuCl,, in this series, except those derived from «’-chlorodihydro- 
quinine and a-chlorodihydrocinchonidine, which are representatives of the type 
(B,2HCl),,CuCl,. 

The two chlorodihydroquinines have been tested for anti-malarial activity in bird 
- malaria by Drs. Buttle and Trevan of the Wellcome Physiological Research Laboratories. 
In doses of 5 mg. per 20 g. of bird, both isomerides were about as active as quinine, and a 




















Goodson : Modified Cinchona Alkaloids. Part III. 1095 


little less active than dihydroquinine. These results are not significantly different from 
those of Giemsa, Weise, and Tropp (Arch. Schiffs- u. Tropenhyg., 1926, 30, 342) for “‘ hydro- 
chloroquinine.” They indicate that chlorine in the «-position in the side-chain has very 
little dystherapeutic effect compared with chlorine replacing hydroxyl in the secondary 
alcohol group characteristic of the natural cinchona alkaloids, and that in these two 
isomerides the stereochemical difference implies no difference in anti-malarial action. 
As representative of the dextrorotatory pair of cinchona alkaloids, quinidine and cinchonine, 
the «- and «’-chlorodihydrocinchonines were examined: they were almost inactive, 
which is not unexpected since quinidine and cinchonine have been shown recently (Buttle, 
Henry, and Trevan, Joc. cit.) to have about one-half and one-fifth respectively of the 
activity of quinine in bird malaria. 
EXPERIMENTAL. 


In the following account, the m. p.’s are corrected; the analyses are for material dried at 
105° in a vacuum; and rotations are given for solutions in N-hydrochloric acid unless otherwise 
stated. 
Quinine.—‘‘ Hydrochloroquinine,” prepared by the method of Comstock and Koenigs 
(loc. cit.) by the action of hydrochloric acid, saturated at — 17° with dry hydrogen chloride, 
on quinine hydrochloride for many weeks at ordinary temperature, or by that of Hesse (loc. cit.) 
and Suszko (Bull. Inter. Acad. Polonaise, 1925, 129) by heating quinine hydrochloride in a sealed 
tube with concentrated hydrochloric acid (d 1-19) at 85° during 50 hours, is a mixture of a- and 
«’-chlorodihydroquinine. 
The two methods gave similar yields, the former 67-9% and the latter 66-6% of the theo- 
retical quantity of crude chlorodihydroquinine acid nitrate. Attempts to hasten the reaction 
by boiling quinine with concentrated hydrochloric acid under reflux during 7} hours and 17} 
hours were unsuccessful, the yield of crude acid nitrate being reduced to 23-2% and 9-6% 
respectively. Comstock and Koenigs (loc. cit., p. 2518) have shown that “‘ hydrochloroquinine ”’ 
can be isolated from the reaction mixture as the sparingly soluble acid nitrate, which they 
assumed to be pure after three recrystallisations. It has now been found that this salt gradually 
changes in specific rotation and other properties on repeated recrystallisation. The base, 
on the other hand, is readily separated into a sparingly soluble and soluble fraction by crystallis- 
ation from methyl alcohol or ether. 
By taking advantage of these properties, the ‘“‘ hydrochloroquinine ’’ of Comstock and 
Koenigs has been separated into two isomerides. The bases regenerated from the reaction 
mixture were dissolved in slight excess of nitric acid (2%), and the acid nitrate of the chloro- 
bases rapidly crystallised. Further crops of acid nitrate were obtained by redissolving the base 
recovered from the mother-liquor in slight excess of nitric acid (2%). The base regenerated 
from the crops of acid nitrate was dissolved in hot methyl alcohol, which soon deposited crystals 
of crude a-chlorodihydroquinine. This base was recrystallised from methyl alcohol until 
of constant rotation. The mother-liquors were concentrated and kept until no more sparingly 
soluble base separated. The methyl alcohol was removed, and the residue of crude a’-chloro- 
dihydroquinine recrystallised several times as acid nitrate from dilute nitric acid, and finally 
as base from benzene. In case one or both of these bases were mixtures, their neutral tartrates 
were prepared and recrystallised, but no separation was effected. The two isomerides occur 
in the proportion of roughly 1 of «- to 3 of «’-chlorodihydroquinine. 
«.-Chlorodihydroquinine separates from methyl alcohol in anhydrous rhombs; sinters at 203°, 
m. p. 210°, froths at 215°; [a]?” — 251-0° (c = 0-5) (Found: C, 66-9; H, 7-2; N, 8-0; Cl, 9-9; 
MeO, 9:0. C,,H,,;O,N,Cl requires C, 66-5; H, 7-0; N, 7-8; Cl, 9-8; MeO, 86%). The acid 
nitrate crystallises from water in anhydrous rhombohedral crystals; sinters at 209°, froths at 
212°; [a]? — 196-6° (c = 0-5 in water); solubility 1 in ca. 91 of water at 19°; the solution hasa 
blue fluorescence (Found : C, 49-5; H, 5:8; N, 11-4; Cl, 7-4; MeO, 6-5. C,.9H,,O,N,Cl,2HNO, 
requires C, 49-3; H, 5-6; N, 11-5; Cl, 7-3; MeO, 64%). The éartrate crystallises as hepta- 
hydrate from 60% methyl alcohol in prisms (Found : loss at 105° in a vacuum, 12-6. Loss of 
7H,O requires 12-6%). The anhydrous salt sinters at 187°, froths at 198°; [a]? — 209-4° 
(c = 0-5) [Found: N, 6-4; Cl, 8-1; MeO, 7:1. (C,,H,,0,N,Cl),,C,H,O, requires N, 6-4; 
Cl, 81; MeO, 7:1%]. The cuprichloride crystallises from concentrated hydrochloric acid 
in greenish-yellow needles; sinters at 212°, froths at 215° (Found: C, 42-6; H, 4:9; N, 4-9; 
- 31-3; Cu, 11-7. Cy9H,,0,N,Cl,2HC1,CuCl, requires C, 42-2; H, 4:8; N, 4-9; Cl, 31-2; 

u, 111%). 








1096 Goodson : Modified Cinchona Alkaloids. Part III. 


«’-Chlorodihydroquinine is deposited from benzene in needles containing solvent of crystallis- 
ation, which is replaced by water on exposure to air. The solvent-free substance sinters at 
184°, m. p. 194°, froths at 225°; [a]? — 168-1° (c = 0-5) (Found: C, 66-5; H, 7-1; N, 7-8; 
Cl, 9-9; MeO, 8-7. Cy oH,,;0,N,Cl requires C, 66-5; H, 7-0; N, 7-8; Cl, 9-8; MeO, 8-6%). 
The acid nitrate separates from dilute nitric acid in anhydrous rhomboidal crystals; sinters at 
219°, froths at 223°; [a]?\° — 132-8° (c = 0-5 in H,O); solubility in water 1 in ca. 132 at 20°, 
giving a solution with blue fluorescence (Found: C, 49-5; H, 5-6; N, 11-5; Cl, 7-4; MeO, 
6-5. C,yH,;0,N,Cl,2HNO, requires C, 49-3; H, 5-6; N, 11-5; Cl, 7:3; MeO, 6-4%). The 
tartrate crystallises from methyl alcohol in needles of the dihydrate (Found: loss at 105° in a 
vacuum, 4-1. Loss of 2H,O requires 4-0%). The anhydrous salt sinters at 223°; froths at 228°; 
[a]??. — 132-3° (¢c = 0-5) [Found: C, 60-6; H, 7-1; N, 65; Cl, 82; MeO, 7-1. 
(Cyp5Hg50,N,Cl,).,C,H,O, requires C, 60-6; H, 6-5; N, 6-4; Cl, 8-1; MeO, 7-1%]. The cupri- 
chloride crystallises from concentrated hydrochloric acid in yellow needles of the trihydrate 
(Found : loss at 105° ina vacuum, 5-4. Loss of 3H,O requires 5-1%). The anhydrous substance 
sinters at 190°; froths at 198° [Found: C, 47-9; H, 5-6; N, 5-6; Cl, 28-1; Cu, 61. 
(Cy9H,,0,N,Cl,2HCl),,CuCl, requires C, 47-9; H, 5-4; N, 5-6; Cl, 28-1; Cu, 6-3%]. 

Cinchonine.—Konek (loc. cit.) prepared Zorn’s “‘ chlorocinchonide ’”’ (loc. cit.) by several 
hours’ heating of cinchonine hydrochloride in a sealed tube at 140—150° with hydrochloric 
acid saturated at — 17° with dry hydrogen chloride, and “‘ hydrochlorocinchonine ’”’ by the 
method of Comstock and Koenigs, and stated that these substances are identical. This product 
has also been prepared by Hesse (Annalen, 1893, 276, 109). From the description given, these 
substances are a-chlorodihydrocinchonine containing a little «’-isomeride. The methods of 
Comstock and Koenigs and of Hesse have now been found to yield the same two chloro-bases, 
the a-chlorodihydrocinchonine in greater amount. This base was separated from the reaction 
mixture as the sparingly soluble dihydrochloride, which was recrystallised until constant in 
optical rotation. The bases were liberated from the mother-liquors and dissolved in sufficient 
hot 5% methyl-alcoholic solution of tartaric acid to give a neutral solution. Crude «’-chloro- 
dihydrocinchonine tartrate separated on standing, and was recrystallised until of constant 
rotation. 

a-Chlorodihydrocinchonine forms anhydrous needles from much alcohol; sinters at 233°; froths 
at 236°; [a]? + 226-0° (c, 0-5) (Found: C, 69-2; H, 7-2; N, 8-6; Cl, 10-7. C,,H,,;ON,Cl 
requires C, 69-0; H, 7-0; N, 8-5; Cl, 10-7%). The dihydrochloride separates from dilute hydro- 
chloric acid in anhydrous prisms; sinters at 279°; froths at 283°; [a]#” + 196-7° (c, 1 in water) ; 
solubility 1 in ca, 22 of water at 20°; much less soluble in dilute hydrochloric acid (Found : 
C, 56-6; H, 6-5; N, 7-1; Cl, 26-2. C,,H,,ON,C1,2HCI requires C, 56-5; H, 6-2; N, 6-9; 
Cl, 26-4%). The éartrate crystallises from 50% methyl alcohol in matted needles of 
dihydrate (Found: loss at 105° in a vacuum, 4-0. Loss of 2H,O requires 4-3%). The 
anhydrous salt sinters at 196° and froths at 204°; [a]?! + 185-4° (c = 0-5) [Found: Cl, 8-7. 
(Cy9H,3ON,Cl).,C,H,O, requires Cl, 8-7%]. The cuprichloride separates from concentrated 
hydrochloric acid, containing excess of cupric chloride, in pale yellow prisms of monohydrate 
(Found : loss at 105° ina vacuum, 3-9. Loss of H,O requires 3-2%). If it is dissolved in boiling 
hydrochloric acid, the dihydrochloride of the base crystallises on cooling. The anhydrous 
cuprichloride sinters at 228°, and froths at 234° (Found: C, 41-9; H, 4:8; N, 5-0; Cl, 32-9; 
Cu, 11-9. C,,H,,ON,Cl,2HCI1,CuCl, requires C, 42-4; H, 4:7; N, 5-2; Cl, 32-9; Cu, 11-8%). 

a’-Chlorodihydrocinchonine forms minute anhydrous needles from much alcohol; sinters 
at 220°; froths at 223°; [a]? + 176-0° (c = 0-5) (Found: C, 69-1; H, 6-9; N, 8-4; Cl, 10-4. 
C,9H,,ON,Cl requires C, 69-0; H, 7-0; N, 8-5; Cl, 10-4%). The dihydrochloride crystallises 
from concentrated aqueous solution in anhydrous plates; sinters at 273°; froths at 276°; [0] 3" 
+ 154-0° (¢ = 1 in water); solubility 1 in ca. 7-7 of water at 17-5° (Found: Cl, 26-9. 
C,,H,,;ON,Cl,2HCI requires C, 26-4%). The tartrate separates from methyl alcohol as dihydrate 
in stellate groups of needles (Found: loss at 105° in a vacuum, 4-4. Loss of 2H,O requires 
4:3%). The anhydrous salt sinters at 209°; froths at 212°; [a]? + 142-0° (c = 0-5) [Found: 
C, 61-7; H, 6-5; N, 6-9; Cl, 8-3. (C,gH,,ON,Cl),,C,H,O, requires C, 62-1; H, 6-5; N, 6-9; 
Cl, 8-7%]. The cuprichloride crystallises as monohydrate from concentrated hydrochloric acid 
containing excess of cupric chloride in yellow prisms (Found: loss at 105° in a vacuum, 3-5. 
Loss of H,O requires 3-2%). The anhydrous substance sinters at 230°, froths at 235° (Found : 
C, 42-3; H, 5-0; N, 5-3; Cl, 32-3; Cu, 11-8. C,,H,,ON,Cl,2HCI,CuCl, requires C, 42-4; H, 
4:7; N, 5-2; Cl, 32-9; Cu, 11-8%). 

Cinchonidine.—The chlorodihydrocinchonidines can be separated from the chlorine-free 
products of the action of hydrochloric acid on cinchonidine as acid sulphates or as tartrates, 
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but it was found impracticable to separate the two chloro-bases by crystallisation of these 
salts; this was, however, effected by recrystallisation of the dihydrobromides from hot alcohol, 
in which the «’-dihydrobromide is very sparingly soluble. From the mother-liquor, concen- 
trated until no more dihydrobromide was deposited, the bases were liberated, and «-chloro- 
dihydrocinchonidine separated by recrystallisation from alcohol. The former is produced in 
greater quantity. 

a-Chlorodihydrocinchonidine separates from alcohol in small anhydrous crystals; sinters 
at 229°, froths at 231°; [«]}* — 135-6° (c = 0-5) (Found: C, 69-5; H, 7-1; N, 8-4; Cl, 10-6. 
C,,H,;ON,Cl requires C, 69-0; H, 7-0; N, 8-5; Cl, 10-7%). The cuprichloride crystallises from 
concentrated hydrochloric acid in anhydrous orange prisms; sinters at 218°, froths at 220° 
(Found: Cu, 12-0. C,,H,,;ON,Cl,2HCI,CuCl, requires Cu, 11-8%). 

«’-Chlorodthydrocinchonidine is deposited from much alcohol in small anhydrous crystals; 
sinters at 244°, froths at 246°; [a]? — 62-5° (c = 0-5) (Found: C, 69-4; H, 7-0; N, 8-2; 
Cl, 10-6. C,,H,,ON,Cl requires C, 69-0; H, 7-0; N, 8-5; Cl, 10-7%). The hydrogen sulphate 
crystallises from dilute acetone in thick tetragonal plates of trihydrate (Found : loss at 105° in 
a vacuum, 10-8. Loss of 3H,O requires 11-2%). The anhydrous substance sinters at 162° and 
froths at 176°; [a]? — 59-5° (c = 1 in water) (Found: C, 53-2; H, 6-1; N, 6-5; Cl, 81; S, 
7-4. CygH,;ON,C1,H,SO, requires C, 53-3; H, 5-9; N, 6-5; Cl, 8-3; S, 7-5%). The tartrate 
separates from alcohol in long prisms; sinters at 210°, froths at 212°; [«]??° — 52-4° (c = 0-5) 
[Found : Cl, 8-2. (C,,H,,ON,Cl),,C,H,O, requires Cl, 8-7%]. The dthydrobromide crystallises 
from alcohol in tetragonal plates; sinters at 256°, froths at 257°; [a]?° — 50-4° (c = 1 in water) 
(Found: C, 46-5; H, 5-1; N, 5-7; Cl, 7-2; Br, 32-5. C,,H,,ON,Cl,2HBr requires C, 46-4; 
H, 5-1; N, 5-7; Cl, 7-2; Br, 32-4%). The cuprichloride is deposited as heptahydrate from con- 
centrated hydrochloric acid in clusters of yellow needles. The anhydrous substance sinters at 
175°, froths at 185° [Found : loss in air-dried substance substance at 105° in a vacuum, 11:5. 
(CygH,3ON,Cl1,2HCl),,CuCl,,7H,O requires 7H,O, 11-8. Found, in dry substance: Cu, 7-3. 
(CygH,,ON,Cl,2HCl),,CuCl, requires Cu, 6-8%]. 

Quinidine.—a-Chlorodihydroquinidine was isolated by crystallisation of the dihydrobromide 
of the reaction mixture from alcohol and the «’-base was removed from the bases contained in 
the mother-liquor as neutral tartrate. The former is obtained in greater amount. 

a-Chlorodihydroquinidine crystallises from 70% alcohol in needles of the dihydrate (Found : 
loss at 105° in a vacuum, 9-2. Loss of 2H,O requires 9-1%). The anhydrous base sinters at 
198°; m. p. 206°; froths at 225°; [a]}#* + 276-3° (c = 0-5) (Found: C, 66-8; H, 7-0; N, 7:3; 
Cl, 9-8; MeO, 8-3. C,,H,,0,N,Cl requires C, 66-5; H, 7-0; N, 7-8; Cl, 9-8; MeO, 8-6%). 
The dihydrobromide separates from alcohol in pale yellow, anhydrous needles; sinters at 250°, 
froths at 253°; [a]? + 200-0° (c = 1 in water) (Found: Cl, 6-7; Br, 30-3. C,,H,,O,N,Cl,2HBr 
requires Cl, 6-7; Br, 30-6%). The tartrate separates as dihydrate from dilute alcohol in rhom- 
boidal crystals (Found: loss at 105° in a vacuum, 4:2. Loss of 2H,O requires 4-:0%). The 
anhydrous salt sinters at 157°, froths at 162°; [a]?®° + 224-7° (c = 0-5) [Found: Cl, 7-9; MeO, 7-0. 
(CypH,50,N,Cl).,C,H,O, requires Cl, 8-1; MeO, 7:1%]. The cuprichloride crystailises from 
concentrated hydrochloric acid in deep yellow, anhydrous needles; sinters at 230°, froths at 
233° (Found: Cu, 11-2. C,)9H,,;0,N,Cl,2HC1,CuCl, requires Cu, 11-1%). 

«’-Chlorodihydroquinidine crystallises from dilute alcohol in needles of the trihydrate (Found : 
loss at 105° in a vacuum, 12-9. Loss of 3H,O requires 13-0%). The anhydrous base sinters at 
195°, m. p. 200°, froths at 229°; [a]? +240-7° (c = 0-5) (Found: Cl, 9-7; MeO, 8-4. 
Cy9H,,0,N,Cl requires Cl, 9-8; MeO, 86%). The éartrate crystallises from 30% alcohol in 
plates of undecahydrate (Found : loss at 105° in a vacuum, 18-6. Loss of 11H,O requires 185%). 
The anhydrous substance sinters at 152°, froths at 196°; [a]? + 203-0° (c = 0-5) [Found : 
Cl, 8-2. (CygH,,O,N,Cl),,C,H,O, requires Cl, 8-1%]. The cuprichloride is deposited from 
concentrated hydrochloric acid in anhydrous orange prisms; sinters at 230°, froths at 236° 
(Found: Cu, 11-5. C,9H,,;0,N,Cl,2HC1,CuCl, requires Cu, 11-1%). 


The author’s thanks are due to Mr. F. J. Peters for much of the practical work, and to 
Messrs. A. Bennett and H. C. Clarke for micro-analyses. 


WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, N.W. 1. (Received, June 17th, 1935.] 
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255. $-Hydroxyethyl Ethers of Substituted Phenols and Related 
Substances. 


By D. C. Motwani and T. S. WHEELER. 


Tuis investigation was undertaken with a view to synthesise substances containing fused 
coumaran and y-pyrone nuclei, 7.e., dihydrofuranoflavones, by starting with either a 
coumaran or a flavone and introducing respectively either the flavone or coumaran ring. 
These attempts were not successful, but numerous flavone derivatives obtained are de- 
scribed. The starting materials were the mono-$-hydroxyethyl ethers of resacetophenone 
and m-methoxyphenol. A mono- and a di-ether of 4-ethylresorcinol were also obtained. 
The ethers, which may be of use as internal antiseptics, were prepared from the corre- 
sponding phenols by modifying Rindfusz’s chlorohydrin reaction (J. Amer. Chem. Soc., 1920, 
42, 157). 

The constitution of 2-hydroxy-4-(B-hydroxyethoxy)acetophenone (1; R = H) was proved 
by the alcoholic ferric chloride reaction and the synthesis of 7-hydroxyflavone, m. p. 
240° (Robinson and Venkataraman, J., 1926, 2344), by condensation with benzaldehyde, 
conversion of the 2-hydroxy-4-(8-hydroxyethoxy)chalkone by Feuerstein and Kostanecki’s 
method (Ber., 1898, 31, 1757) via the dicetoxychalkone dibromide into 7-(8-hydroxyethoxy)- 
flavone, and de-ethylation of this. Direct bromination of the chalkone introduced a bromine 
atom into the nucleus, and the bromo-derivative when hydrolysed yielded 6-bromo-7- 
(8-hydroxyethoxy) flavone and not the isomeric benzylidene-coumaranone (cf. Cullinane and 
Philpott, J., 1929, 1761). The constitution of the compound was proved by its giving 
a colourless solution in concentrated sulphuric acid (cf. Perkin and Everest, ‘‘ The Natural 
Organic Colouring Matters,” p. 164); on treatment with phosphorus pentabromide, it 
gave 6-bromo-7-(8-bromoethoxy) flavone. 

Use of p-anisaldehyde and salicylaldehyde instead of benzaldehyde, gave the corre- 
sponding chalkones, and these, when treated by Kostanecki’s method, afforded ultimately 
4'-methoxy-7-(8-hydroxyethoxy) flavone and 2'-hydroxy-4'-(B-acetoxyethoxy) flavylium chloride 
(II), respectively. o-Nitrobenzaldehyde also condensed with (I; R = H). 

Cyclisation of the hydroxyethyl ethers of resacetophenone and m-methoxyphenol 

and of substituted flavones by means of anhydrous zinc chloride and phosphoric oxide 
(Rindfusz, loc. cit.) could not be accomplished. Negative results were also obtained when 
6-bromo-7-(f-bromoethoxy)flavone was subjected to the action of sodium in anhydrous 
xylene. 
The phenylhydrazone, azine, anil, and benzidine derivatives of (I; R = H) were insoluble 
in dilute aqueous alkalis (cf. Adams, J. Amer. Chem. Soc., 1919, 41, 247). The reasons for 
this are not clear, and the phenomena are rendered still more obscure by the observation 
now made that certain phenols, though insoluble in dilute alkalis, dissolve when they are 
suspended in 50% sodium or potassium hydroxide and then diluted with water. 


a 
(I.) OR *CH,” CH,°O *CH,’ CH, "OAc (IL) 
COMe 


EXPERIMENTAL. 


2-Hydroxy-4-(8-hydroxyethoxy)acetophenone (I; R = H).—Asolution of potassium hydroxide 
(49 g.) in water (50 c.c.) was added to a suspension of resacetophenone (66 g.) in ice-water 
(100 c.c.), and the mixture heated with ethylene chlorohydrin (87-5 g.) at 100° for 3 hrs. The 
separated oil solidified on cooling, and was repeatedly crystallised from aqueous alcohol (char- 
coal); needles, m. p. 106°. It was soluble in alkali, and gave a violet coloration with alcoholic 
ferric chloride (Found : C, 61-0; H, 6-4. C,9H,,O, requires C, 61-2; H, 61%). Its monoacetyl 
derivative (I; R= Ac) separated at once when it was treated with acetic anhydride and 
pyridine; it crystallises from alcohol in needles, m. p. 117°, gives a violet coloration with alco- 
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holic ferric chloride, and is soluble in alkali (Found: C, 60-4; H, 62. (C,,H,,0,; requires 
C, 60-5; H, 59%). The diacetyl derivative, prepared by shaking a solution of (I) in acetic 
anhydride and pyridine for 24 hrs., crystallised from carbon tetrachloride—light petroleum in 
rhombic plates, m. p. 70° (Found: C, 59-7; H, 5-7. C,,H,.0, requires C, 60-0; H, 5-7%). 

The benzoyl derivative (I; R = Bz), prepared by the pyridine method at 100°, separated 
from the usual solvents as a gel. The gel from acetic acid passed, when treated with dilute 
hydrochloric acid, into a white powder, m. p. 100° (Found: C, 67-9; H, 5-4. (C,,H,,O; 
requires C, 68-0; H, 5-3%). It gives a violet coloration with alcoholic ferric chloride and is 
soluble in alkali. The oxime crystallised from aqueous alcohol in silky needles, m. p. 144° 
(Found: N, 6-8. C,gH,,;0,N requires N, 6-6%). The hydrazone, prepared by warming an 
alcoholic solution with 50% hydrazine hydrate and diluting after 30 mins., formed colourless 
needles, m. p. 123° (Found: N, 13-5. C, 9H,,O;N, requires N, 13-3%), from aqueous alcohol. 

The azine was obtained either by treatment with hydrazine hydrate in glacial acetic acid 
or by heating the hydrazone with glacial acetic acid. Insoluble in the usual solvents, it crystal- 
lised from boiling nitrobenzene in golden-yellow, woolly needles which gave an opaque liquid at 
253°, becoming transparent at 263° (Found: N, 7-4. C,ygH,O,N, requires N, 7-2%). The 
phenylhydrazone crystallised from rectified spirit in thin, yellowish plates, m. p. 148—149° 
(Found: N, 9-9. C,.H,,0,N, requires N, 9-8%). Both this and the azine exhibited unusual 
behaviour towards aqueous alkali. The latter was insoluble in 8% alkali, but dissolved to a 
yellow solution on addition of alkali to an alcoholic suspension; considerable dilution of its 
suspension in 50% alkali caused dissolution to a colourless solution, whereas addition of alcohol 
gave a yellow solution which became colourless on addition of water. The phenylhydrazone 
behaved similarly except that it did not dissolve on dilution of its suspension in sodium 
hydroxide. 

The anil, from boiling aniline (2 hrs.), crystallised from aqueous alcohol in thin, shining 
plates, m. p. 173° (Found: N, 5-5. C,,H,;0O,N requires N, 5-2%). It was insoluble in aqueous 
alkali, but dissolved when alkali was added to its suspension in dilute alcohol. 

The second hydroxyl group of resacetophenone did not react with ethylene chlorohydrin. 

The benzidine condensation product, OH-C,H,-O-C,H,(OH)-CMe:N-C,H,"NH,, was obtained 
by refluxing a solution of the compound (I; R = H) (4 g.) and benzidine (12 g.) in alcohol 
(50 c.c.) for 2 hours. The solid (1-7 g.) was filtered from the hot liquid and repeatedly washed 
with boiling alcohol. It was insoluble in the usual solvents. Hot nitrobenzene gave micro- 
scopic yellow needles, which softened at 153° and melted at 288—290° (Found: N, 7-7, 7-8. 
C,.H,,0,N, requires N, 7:7%). It was insoluble in aqueous alkali and did not form a salt with 
50% alkali. It separated unchanged from its solution in hydrochloric acid on basification. 
With alkaline 8-naphthol the diazotised acid solution gave a red dye-stuff. 

2-Hydroxy-4-(B-hydroxyethoxy)ethylbenzene.—Zinc amalgam (Robinson and Shah, J., 1934, 
1497), hydrochloric acid (1:1; 100 c.c.), and (I; R= H) (6 g.) were heated at 100°, with 
gradual addition of concentrated hydrochloric acid (50 c.c.), till the mixture failed to give a 
violet coloration with ferric chloride; it was then saturated with salt and left over-night. 
The solid (5 g.) crystallised from dilute alcohol in silky needles, m. p. 99—100° (Found: C, 
65-8; H, 7-7. Cy 9H,,O; requires C, 65-9; H, 7-7%). The aqueous solution gave a blue-black 
coloration with ferric chloride. 

The condensation of ethylene chlorohydrin (8 g.) with a solution of m-methoxyphenol (10 g.) 
in 40% potassium hydroxide (12 c.c.) was carried out as above. The ethereal extract was washed 
with 40% potassium hydroxide until the washings were colourless. The residue on distillation 
gave m-(8-hydroxyethoxy)anisole (8 g.), b. p. 160°/2 mm. (Found: C, 64:1; H, 7-3. C,H,,0, 
requires C, 64-3; H, 7-1%); acetyl derivative, b. p. 140°/7 mm. (Found: C, 62-7; H, 6-8. 
C,,H,,O, requires C, 62-9; H, 6-7%); benzoyl derivative, fleecy needles, m. p. 91—92° (Found : 
C, 70-4; H, 6-0. C,.H,,O, requires C, 70-6; H, 5-9%), from alcohol. 

The chloro-ether, obtained on treatment with phosphorus pentachloride, distilled at 130°/5 
mm. (Found: Cl, 18-9. C,H,,0,Cl requires Cl, 19-0%). 

Condensation of Ethylene Chlorohydrin with 4-Ethylresorcinol.—4-Ethylresorcinol (13 g.), 
40% alkali (25 c.c.), and ethylene chlorohydrin (16 g.), treated as before, gave a liquid mixture of 
the mono- and the di-ether. They were separated by washing the ethereal extract with 40% 
alkali. 2-Hydroxy-4-(B-hydroxyethoxy)ethylbenzene (12 g.) collected at 200—210°/5 mm., soon 
solidified and was found to be identical with the reduction product of (I; R =H). The alkali- 
insoluble extract gave 1—2 c.c. of 2 : 4-di-(8-hydroxyethoxy)ethylbenzene which solidified after 
long keeping. It crystallised from carbon tetrachloride-light petroleum in needles, m. p. 66° 
(Found: C, 63-4; H, 8-1. (C,,H,,O, requires C, 63-7; H, 8-0%). The benzoyl derivative of 
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the mono-ether was soluble in alkali, and crystallised from alcohol in thin, pinkish needles, 
m. p. 109—110° (Found : C, 71-0; H, 6-3. C,,H,,O, requires C, 71-3; H, 6-3%). 

2-H ydroxy-4-(B-hydroxyethoxy)chalkone.—Benzaldehyde (13-6 g.) and 40% _ potassium 
hydroxide (70 c.c.) were added to a solution of (I; R = H) (25 g.) in alcohol (250 c.c.); after 
24 hrs., during which the chalkone separated as its potassium salt, the whole was diluted and 
acidified with concentrated hydrochloric acid. The precipitated chalkone (26 g.) was collected; 
it crystallised from alcohol in yellow, woolly needles, m. p. 123—124° (Found: C, 71-7; H, 
5-9. Cy,H,,O, requires C, 71-8; H, 56%). 

7-(8-Hydroxyethoxy) flavanone.—A solution of the above chalkone (5 g.) in alcohol (300 c.c.) 
was refluxed with 10% sulphuric acid (250 c.c.) for 30 hrs., then left over-night in an evaporating 
dish, freed from tarry matter, and diluted. The mixture of the flavanone and the chalkone 
was filtered off, and washed with very dilute alcohol and then with 2% sodium hydroxide. 
The solid recovered from the alcoholic washings on dilution was treated in the same way. 
The two crops of the almost pure flavanone crystallised from very dilute alcohol in white needles, 
m. p. 113° [Found (micro): C, 72-1; H, 5-9. C,,H,,.O, requires C, 71-8; H, 5-6%]; it gave 
a colourless solution in concentrated sulphuric acid, which changed to yellow owing to conversion 
of the substance into the chalkone. 

2-Hydroxy-4-(8-acetoxyethoxy)chalkone crystallised from alcohol in thin, golden-yellow 
plates, m. p. 139° (softening at 135°). It gave a violet coloration with alcoholic ferric chloride 
and was soluble in alkali (Found: C, 69-8; H, 5-7. (C,,H,,0, requires C, 69-9; H, 5-5%). 
Its diacetyl derivative (3-9 g. from 3 g.), obtained as for (1; R = H), crystallised from dilute 
alcohol in thin, bluish needles, m. p. 68° [Found (micro): C, 68-8; H, 5-8. C,,H,,.O, requires 
C, 68-5; H, 54%]; and when this (9 g. in 150 c.c. of carbon disulphide) was treated with bromine 
(3-9 g. in 15 c.c. of the disulphide) the dibromo-derivative was formed; after 7 hrs. it was 
collected and crystallised from alcohol; needles (11 g.), m. p. 122° (Found: Br, 30-3. 
C,,H,O,Br, requires Br, 30-3%). 

7-(8-H ydroxyethoxy) flavone.—A suspension of this dibromide (2 g.) in alcohol (20 c.c.) was 
shaken with 40 c.c. of 8% sodium hydroxide. A bright yellow solution was obtained, and the 
flavone began to separate. After }? hour, the whole was diluted, and the flavone (1 g.) filtered 
off. It crystallised from alcohol in fleecy needles, m. p. 166° (Found : C, 72-1; H, 5-1. C,,H,,0, 
requires C, 72-2; H, 50%). Its colourless solution in concentrated sulphuric acid showed blue 
fluorescence. The acetyl derivative crystallised from alcohol in microscopic needles, m. p. 130° 
(Found: C, 70-2; H, 5-0. C,,H,,O; requires C, 70-4; H, 4:9%). 

De-ethylation of the flavone. A solution of the flavone (1 g.) in phenol (6 g.) was boiled with 
hydriodic acid (20 c.c.; b. p. 128—130°) for 1 hr. in an atmosphere of carbon dioxide. The 
solid obtained after dilution was dissolved in alcohol and shaken with mercury to remove iodine. 
The solid crystallised from ethyl acetate (charcoal) in pinkish needles, m. p. 238—240°, not 
depressed when mixed with an authentic specimen of 7-hydroxyflavone. 

5-Bromo-2-hydroxy-4-(B-hydroxyethoxy)chalkone Dibromide.—Bromine (5 g.) in chloroform 
(7 c.c.) was slowly added to a solution of the chalkone (4-4 g.! in chloroform (20 c.c.). The 
precipitated dibromo-compound (3 g.) crystallised from boiling alcohol in woolly needles, m. p. 
204° (efferv.) (Found: Br, 45-9. C,,H,,O,Br, requires Br, 45-9%). 

6-Bromo-7-(8-Hydroxyethoxy) flavone.—The above dibromide (1-5 g.) yielded the corresponding 
flavone (1-05 g.) on hydrolysis with 8% sodium hydroxide (30 c.c.) in alcoholic (30 c.c.) sus- 
pension. It crystallised from boiling alcohol in woolly needles, m. p. 206-5°, depressed (180— 
198°) on admixture with the dibromide [Found (micro) : C, 56-4; H, 4-0; Br, 22-5. C,,H,,0,Br 
requires C, 56-4; H, 3-6; Br, 22-2%]. 

6-Bromo-7-(8-bromoethoxy) flavone.—A solution of the preceding flavone (2 g.) in anhydrous 
toluene (25 c.c.) was refluxed with phosphorus pentabromide (2 g.) for ? hr. After cooling, 
the solvent was decanted, and the residue (2 g.) extracted with water and finally crystallised 
twice from acetic acid (charcoal); thin, pale yellow needles, m. p. 199° (Found: Br, 37-6. 
C,,H,,0,Br, requires Br, 37-7%). 

2-Hydroxy-4-(8-hydroxyethoxy)-4'-methoxychalkone.—A solution of (I; R=H) (8-7 g.) 
in alcohol (100 c.c.), together with p-anisaldehyde (6 g.) in presence of 40% potassium hydroxide 
(30 c.c.), gave the corresponding chalkone (11 g.) after 30 hrs. It was twice crystallised from 
alcohol, forming woolly, yellow needles, m. p. 134° (Found: C, 68-8; H, 5-8. C,,H,,0; 
requires C, 68-8; H, 5-7%). The monoacetyl derivative, which was soluble in alkali and gave 
a violet coloration with alcoholic ferric chloride, crystallised from boiling alcohol in spongy, 
yellow needles, m. p. 134—135°, depressed (116—124°) on admixture with the chalkone (Found : 
C, 67:3; H, 5-7. CygH,O, requires C, 67-4; H, 56%). The diacetyl derivative crystallised 
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from carbon tetrachloride—light petroleum in pale yellow needles, m. p. 87—88° [Found (micro) : 
C, 66-2; H, 5-5. C,,H,,O, requires C, 66-3; H, 5-5%]. 

Bromine (2 g.) and the diacetoxy-chalkone (4-98 g.) in carbon disulphide (150 c.c.) gave the 
dibromo-compound (4 g.) after slow evaporation of the solvent. It crystallised from the above 
mixed solvent in clusters of rieedles, m. p. 105—107° (efferv.) (Found: Br, 28-4. C,,H,,O,Br, 
requires Br, 28-7%). The compound is stable when exposed to the atmosphere, but in a closed 
bottle it evolves bromine and hydrogen bromide and becomes pasty. 

4’-Methoxy-1-(B-hydroxyethoxy) flavone.—Hydrolysis of the foregoing dibromide (2 g.) yielded 
the flavone (1 g.), which crystallised from alcohol in lemon-yellow needles, m. p. 155° (Found : 
C, 69-1; H, 5-2. C,,H,,O, requires C, 69-2; H, 5-1%), giving a pale yellow solution with 
blue fluorescence in sulphuric acid. The acetyl derivative crystallised from alcohol in greyish 
needles, m. p. 141° (efferv.) (Found: C, 67-7; H, 5-2. CygH,,O, requires C, 67-8; H, 5-1%). 

2’-Nitro-2-hydroxy-4-(8-hydroxyethoxy)chalkone.—An alcoholic solution of o-nitrobenzalde- 
hyde (8-5 g.) was mixed with an alcoholic solution (100 c.c.) of (I; R = H) (11 g.) in an amber- 
coloured bottle; 40% potassium hydroxide (40 c.c.) was added, and the whole kept under run- 
ning water for 1 hr. After 3 hrs. the reaction mixture was slowly poured with stirring into very 
dilute, ice-cold hydrochloric acid. The yellow chalkone (9 g.), which became green on exposure 
to light, was crystallised from nitrobenzene; green needles, m. p. 183° [Found (micro): N, 
4:1, 4:09. C,,H,,O,N requires N, 4:25%]. 

The diacetyl derivative separated from carbon tetrachloride-light petroleum in pale yellow, 
woolly needles, m. p. 155° [Found (micro): N, 3-41. C,,H,,0,N requires N, 339%]. On 
saponification, this yielded the starting substance, proving that the original substance cannot be 
the lactyl-ketone, which would have formed a triacetyl derivative or would have lost a molecule 
of water and given a diacetyl derivative hydrolysable to a chalkone (cf. Claisen, Ber., 1881, 
14, 2470; Baeyer and Drewsen, Ber., 1882, 15, 2856; Price and Bogert J. Amer. Chem. Soc., 
1934, 56, 2443). 

2 : 2’-Dihydroxy-4-(6-hydroxyethoxy)chalkone.—Condensation of (I; R= H) with salicyl- 
aldehyde and alcoholic alkali at 60° for 24 hrs., followed by dilution and acidification with acetic 
acid, yielded an oil which soon solidified; the solid chalkone crystallised from methyl alcohol 
in yellow, woolly needles, m. p. 177° (darkening at 171°) (Found: C, 67-9; H, 5-5. C,,H,,0; 
requires C, 68-0; H, 5-3%). 

2’-Hydroxy-4'-(B-acetoxyethoxy) flavylium Chloride—Dry hydrogen chloride was passed 
through a solution of the preceding chalkone (2 g.) in glacial acetic acid (40 c.c.) during 2 hrs. ; 
the solution became red, and after 24 hrs. the flavylium chloride (2 g.) was precipitated by addition 
of much ether. It crystallised from boiling methyl alcohol, previously saturated with hydro- 
gen chloride, in red, woolly needles, m. p. 212—213° (darkening at 190°) (Found; Cl, 9-8. 
C,,H,,0,Cl requi-es Cl, 9-9%). Amyl alcohol extracts the chloride from its solution in dilute 
hydrochloric acid. Its yellow solution in concentrated sulphuric acid shows a green fluorescence. 
The chloride and its salts are sternutatory. 

The violet colour base, obtained by the action of concentrated sodium acetate on the chloride, 
could not be crystallised; after being washed with water, it melted at 180° (Found: C, 67-9; 
H, 5-0. C,9H,,0, requires C, 66-6; H, 5-3%). The ferrichloride crystallised from methyl 
alcohol saturated with hydrogen chloride in shining, orange, tiny needles, m. p. 214° (195°)* 
(Found: C, 43-3; H, 3-5. C,.H,,0,;Cl,Fe requires C, 43-6; H, 3-3%). The mercurichloride 
formed brick-red, fleecy needles, m. p. 215° (188—197°)* (Found: Hg, 33-9. C,H,,0,Cl,Hg 
requires Hg, 31-7%); the perchlorate in brick-red needles, m. p. 201—203° (188—191°) * (Found: 
Cl, 8-5. C,H,,0,Cl requires Cl, 8-4%), and the picrate in thin, shining, red plates, which 
become pale at 150° and melt at 211—213° (190—195°)* (Found: N, 7-8. C,,H,,0,.N, 
requires N, 7-6%). 


The authors are grateful to Dr. J. N. Ray for having carried out the micro-analyses, and also 
to Dr. R. C. Shah and Dr. M. S. Shah for their valuable suggestions. 


Royat INSTITUTE OF SCIENCE, BOMBAY. (Received, May \st, 1935.] 


* M. p.’s in parentheses are mixed m. p.’s with the flavylium chloride. 
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256. Studies in the Anthracene Series. Part X. 
By E. pE Barry Barnett, N. F. Goopway, and E. V. WEEKEs. 


THE statements (E.P. 303,389) that the adjects of anthracene derivatives with certain 
«$-unsaturated acids are characterised by a strong fluorescence suggested that they might 
be tautomeric mixtures of (I) and (II), although no evidence of this was detected with the 
maleic acid adjects (Barnett, Goodway, and Higgins, J., 1934, 1224). It has now been found 


CH——CHR CH co 
X<_>xX | X<|>X X<_ >X 
CH——CH-CO,H “CHR:CH,*CO,H CH-CHR-CH,:CO,H 


(I.) (II.) (IIT.) 


that the pure adjects show no visible fluorescence, and that those of anthracene and cin- 
namic acid (I; X = C,H,, R = Ph) and of 1: 4-dimethylanthracene and acrylic acid 
(I; X = CgH,Me, R = H) are quite different from the corresponding anthranylpropionic 
acids (II), obtained by condensing the anthrone with the unsaturated acid and then re- 
ducing the resulting anthronylpropionic acid (III). No indication of the interconvert- 
ibility of the isomerides could be detected. 

The formation, under the influence of hydrogen chloride, of the endocyclic adjects 
(I; R =H) from anthracene derivatives and acrylic acid (most conveniently used in the 
form of @-chloropropionic acid) is very general, and the adjects formed from 9 : 10-dichloro- 
and 9: 10-dibromo-anthracene, like the corresponding adjects from maleic anhydride 
(Barnett, Goodway, and Higgins, Joc. cit.), are stable towards alcoholic alkali. With 
cinnamic acid, adject formation takes place less readily, and no addition compound was 
formed with 9 : 10-dichloroanthracene. 

The condensation of an anthrone with acrylic acid is also a general reaction, and when 
a substituent is present in the pert-position to the carbonyl group, the product is the 
anthronylpropionic acid (III). In the absence of such a substituent, the product is the 
anthronylidenedipropionic acid (IV), a type of compound not formed from maleic acid 


CO CO CO 
X< >X C.Hy< >C,H C,H,Clk< >C,H,C1 
C(CH,*CH,*CO,H), ; ‘Sarton nom <creci, CHCHPh 
(IV.) (V.) (VI) 


(Barnett, Goodway, and Higgins, Joc. cit.). Condensation of an anthrone with cinnamic 
acid takes place very much less readily, and even anthrone itself gives only $-phenyl- 
g-anthronylpropionic acid (II1; X = CgH,, R = Ph). 

The presence of a chlorine atom in the feri-position to the propionic acid residue does 
not lead to the loss of this residue on reduction, the anthronylpropionic acids differing in 
this way from the corresponding anthronylsuccinic acids (Barnett, Goodway, and Higgins, 
loc. cit.). 

In the above patent specification, it is stated that an «$-unsaturated acid will condense 
with any polycyclic aromatic hydrocarbon containing more than two condensed benzene 
nuclei, and an acid, m. p. 132°, is specifically mentioned as being obtained from phen- 
anthrene and @-chloropropionic acid. We have been unable to obtain any indication of 
the formation of such a compound under any conditions. Further, in an attempt to con- 
dense commercial pyrene with 8-chloropropionic acid, the former was merely decolorised, 
the recovered hydrocarbon being completely colourless (compare Clar, Ber., 1932, 65, 
1425). 

Chloroacetic acid could not be condensed with either anthracene or anthrone (alone or 
in the presence of alkali). Dichloroacetic acid, however, condensed with anthrone in the 
presence of caustic soda to give anthronylideneacetic acid (V), but the yield was extremely 
poor and the reaction unreliable. An attempt to condense anthrone with cinnamy]l 
chloride gave only resinous products, but 1 : 5-dichloroanthrone gave the cinnamylanthrone 
(VI) in poor yield, and from this 1 : 5-dichloroanthronylacetic acid was obtained by oxidation. 
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EXPERIMENTAL. 


a8-endo-9 : 10-Dihydroanthraquinyl-9 : 10-propionic Acids (I; R = H).—The anthracene 
(0-1 mol.) and B-chloropropionic acid (0-15 mol.) were boiled in o-dichlorobenzene (50 c.c.) for 
8 hrs., the solvent removed with steam, and the acid precipitated from its. filtered alkaline 
solution with hydrochloric acid. The following four compounds were prepared in this way and, 
after repeated recrystallisation from the solvent shown in parentheses, were colourless and 
showed no visible fluorescence when their neutral or alkaline solutions were inspected in the 
light of the arc lamp. : 

Condensation product from anthracene (methanol), m. p. 186°; from 1: 4-dimethyl- 
anthracene (toluene), m. p. 250° (Found: C, 82-1; H, 6-5. (Cj, gH,,O, requires C, 82-0; 
H, 6-5%); from 9: 10-dichloroanthracene (anisole), m. p. 245° (Found: C, 63-8; H, 3-9. 
C,,H,,0,Cl, requires C, 63-9; H, 3-8%); from 9: 10-dibromoanthracene (anisole), m. p. 252° 
(Found: C, 50-2; H, 3-1. C,,H,,0,Br, requires C, 50-0; H, 29%). No ionised halogen 
could be detected after the last two had been boiled for 40 mins. with 10% alcoholic caustic 
potash. 

aB-endo-9 : 10-Dihydroanthraquinyl-9 : 10-8-phenylpropionic Acid (I; X = CgH,y, R = Ph).— 
A current of hydrogen chloride was passed for 12 hours through a boiling solution of 17 g. of 
anthracene and 20 g. of cinnamic acid in 50 c.c. of o-dichlorobenzene. After distillation with 
steam, the residue was extracted with caustic soda, and the precipitate obtained by adding 
hydrochloric acid to the filtered alkaline solution was extracted with boiling 50% acetic acid to 
remove cinnamic acid. After recrystallisation from anisole, the product was colourless and 
non-fluorescent both in neutral and in alkaline solution. It melted at 248° (bath preheated to 
225°) and depressed the m. p. of the phenylanthranylpropionic acid mentioned below (Found : 
C, 84-5; H, 5-7. C,3H,,O, requires C, 84-6; H, 5-5%). 

Anthronylidenedipropionic Acids (IV) and Anthronylpropionic Acids (III).—The anthrone 
(1 part) and @-chloropropionic acid (1 part) were boiled with o-dichlorobenzene (3—4 parts) for 
8 hrs., the solvent removed with steam, and the product precipitated trom its filtered solution 
in sodium carbonate by hydrochloric acid. After recrystallisation from the solvent given in 
parentheses, the products were all colourless. The acids of type (IV) gave colourless solutions 
in caustic soda, and those of type (III) gave orange solutions, except the 4 : 5-dichloro- and the 
1: 4-dimethyl-compound, which gave colourless solutions (compare the corresponding anthronyl- 
succinic acids, Barnett, Goodway, and Higgins, /oc. cit.). 

Anthronylidenedipropionic acid (ethyl acetate), m. p. 248—250° (decomp.) (Found : C, 70:8; 
H, 5-5. CygH,,0,; requires C, 71-0; H, 5:3%). 2: 3-Dimethylanthronylidenedipropionic acid, 
(anisole), m. p. 298° (Found: C, 72-0; H, 6-1. C,,H,,O, requires C, 72-1; H, 60%). 1: 5- 
Dichloroanthronylpropionic acid (anisole), m. p. 163° (after drying at 110°) (Found: C, 61-2; 
H, 3-8. C,,H,,0;Cl, requires C, 60-9; H, 3-6%). 1: 8-Dichloroanthronylpropionic acid 
(ethyl acetate), m. p. 204° (Found: C, 60-9; H, 3-8).. 4: 5-Dichloroanthronylpropionic acid 
(benzene), m. p. 174° (Found: C, 60-7; H, 3-8%). 1:4-Dimethylanthronylpropionic acid 
(ethyl acetate), m. p. 168° (Found: C, 77-5; H, 6-2. C,,H,,0, requires C, 77-5; H, 6-1%). 

1: 4-Dimethylanthranylpropionic Acid (IIl; X= C,H,Me, R = H).—1: 4-Dimethyl- 
anthronylpropionic acid (3-5 g.) was boiled for 4 hrs. with 10 g. of zinc dust (activated with 
copper sulphate) and 100 c.c. of 2N-caustic soda. The product obtained by adding hydrochloric 
acid to the filtered solution was recrystallised from methanol and from toluene, and was then 
yellow and had m. p. 205°. Its neutral and alkaline solutions were strongly fluorescent (Found : 
C, 81-8; H, 6-5. C,,H,,O, requires C, 82-0; H, 6-5%). 

The reduction of the other anthronylpropionic acids gave products which were completely 
soluble in alkali but could not be crystallised. 

8-Phenyl-B-anthronylpropionic Acid (III; X = C,H,, R = Ph).—Hydrogen chloride was 
passed for 15 hrs. through a boiling solution of 30 g. of anthrone and 30 g. of cinnamic acid in 
100 c.c. of o-dichlorobenzene. The sodium carbonate extract, obtained as for (IV), was cooled, 
saturated with carbon dioxide, and the filtered solution made strongly acid with hydrochloric 
acid. Unchanged cinnamic acid was removed from the precipitate by boiling water, and the 
residue recrystallised from xylene. The colourless product (14 g.) was recrystallised from 
anisole and then had m. p. 197° as stated by Meerwein (J. pr. Chem., 1918, 97, 284), who obtained 
it by a different method (Found : C, 80-4; H, 5-4%). 

6-Phenyl-B-anthranylpropionic Acid (II; X = C,H,, R = Ph).—The foregoing acid (5 g.) 
was reduced as above (1} hrs.; 20 g. of zinc dust), and the product obtained by adding hydro- 
chloric acid to the filtrate was recrystallised from glacial acetic acid containing a little hydro- 
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chloric acid and then from xylene. The resulting colourless crystals, m. p. 225°, were strongly 
fluorescent in neutral and in alkaline solution. They showed reversible deepening in colour, and 
were yellow at 130° (Found: C, 84-5; H, 5-8. C,,H,,O, requires C, 84-6; H, 5-5%). 

Anthronylideneacetic Acid (V).—Dichloroacetic acid (100 g.) was slowly added to 50 g. of 
anthrone and 150 g. of caustic potash in 1 1. of boiling water, the mixture cooled and acidified 
with hydrochloric acid, the washed solid extracted with sodium carbonate, the cold extract 
saturated with carbon dioxide, and the filtrate acidified with hydrochloric acid. After recrystal- 
lisation from methanol and from anisole, the product (1 g.) was colourless and non-fluorescent, 
and melted at 205° (Found: C, 76-6; H, 4:2. C,gH,,O, requires C, 76-8; H, 40%). 

1 : 5-Dichloro-10-cinnamylanthrone (V1).—1: 5-Dichloroanthrone (5 g.) was boiled for 1 hr. 
with 5 c.c. of cinnamyl chloride and 3-5 g. of caustic potash in 12-5 c.c. of water. The viscous 
product was dried (potassium carbonate) in ethereal solution, and the solution concentrated and 
cooled in a freezing mixture. The resulting crystals after recrystallisation from ethyl acetate 
were colourless and melted at 148° (yield < 20%) (Found: C, 72-9; H, 4:4. C,,3H,,OCI, 
requires C, 72-8; H, 42%). 

1 : 5-Dichloroanthronylacetic Acid.—A solution of 1 g. of chromium trioxide in aqueous 
acetic acid was added during 1 hr. to 1 g. of the above anthrone in 15 c.c. of boiling glacial acetic 
acetic acid, and the whole boiled for another hour. The product obtained by pouring the cooled 
solution into water was extracted with cold sodium carbonate, and the solid which separated 
from the filtered extract on the addition of hydrochloric acid was extracted with boiling water 
to remove benzoic acid. The residue after recrystallisation from methanol (charcoal), toluene, 
and anisole was colourless; m. p. 218° after slight sintering (Found: C, 59-8; H, 3-3. 
C,¢H,,O,Cl, requires C, 59-8; H, 3-1%). 


One of the authors (E. de B. B.) thanks Imperial Chemical Industries, Ltd., for grants. 
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257. The Derivatives of the Di- and Tetra-polymethylenoanthracenes. 
Part I. 


By E. pE BARRY BARNETT and Cyrit A. LAWRENCE. 


THE pinacol condensation of cyclopentanone and cyclohexanone results in diols (I) from 
which conjugated dienes (II) are easily obtained by loss of water. These readily undergo 


[CH,],-CH, (CH,],-CH [(CH,],-CH 
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the Diels reaction, and with maleic anhydride give (III), and with benzoquinone (IV) 
and (V), of which the former, but not the latter, readily a acetates (VI). 
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By condensing (IV; » = : with octahydrodiphenyl (II; = 4) a compound of structure 
(VII) has been obtained. With «-naphthaquinone, the dienes give compounds (VIII), 
from which acetates (IX) are readily obtained. Both compounds of type (VIII) readily 
undergo oxidation by atmospheric oxygen in alkaline solution, but with this marked 
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difference that, whereas the dodecahydrodibenzanthraquinone (VIII, n = 4) loses only two 
atoms of hydrogen to give (X), the corresponding tetrahydrodicyclopentenoanthraquinone * 
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loses four atoms of hydrogen and passes into dicyclopentenoanthraquinone (XI), from 
which 1 : 2: 3: 4-dicyclopentenoanthracene is readily obtained by reduction. 


CH. 2 CH, 


‘nu, 
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The more readily accessible octahydrodiphenyl has also been amie with the 
oxidation product of the adject of anthracene and benzoquinone (Clar, Ber., 1931, 64, 
1684), giving the endocyclic naphthacene guinone (XII). No pure substance could be 
isolated from the reaction product of octahydrodiphenyl and naphthazarin, but (XIII) 
was obtained from naphthazarin diacetate, although the dye obtained by hydrolysis and 
oxidation could not be purified. 

Attempts to obtain purely aromatic hydrocarbons by the selenium dehydrogenation 
of some of the above a derivatives were not successful. 


Begs .r OAc CO nee 
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A diol ne was also obtained from 1-ketotetrahydronaphthalene, but the conjugated 
system in the corresponding diene (XV) showed greatly depressed reactivity, and no 
condensation appeared to take place with benzoquinone or with «-naphthaquinone. 
Some reaction took place on heating with maleic anhydride, but no pure product could 


veal 


Hy 


* It is more convenient to name this and similar compounds as derivatives of a hydrocyclopenteno- 
anthracene than as derivatives of a cyclopentanohydroanthracene. 


(VIII.) iM (IX.) 
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EXPERIMENTAL. 
(Compounds were colourless, unless a colour is assigned to them.) 

1: 1’-Dihydroxy-1 : 1’-dicyclopentyl (I, n = 3).—cycloPentanone (200 g.), coarse aluminium 
powder (40 g.), mercuric chloride (20 g.), and dry benzene (200 c.c.) were heated on the water- 
bath for an hour with frequent shaking, and for a further hour after the addition of water 
(170 c.c.) and benzene (300 c.c.). After filtering the hot mixture and extracting the solid with 
300 c.c. of boiling benzene, the united filtrates were concentrated on the water-bath, light 
petroleum added, and the whole well cooled; yield 63 g., m. p. 109° (cf. Meiser, Ber., 1899, 
32, 2053; Harries and Wagner, Amnalen, 1915, 410, 37, both of whom obtained very small 
yields by reduction with sodium and moist ether). 

1: 1’-Dihydroxy-1 : 1’-dicyclohexyl (I, n = 4).—This was obtained from cyclohexanone (200 
g.), aluminium (35 g.), mercuric chloride (14 g.), and benzene (200 c.c.) by the method given 
above; yield 60 g., m. p. 130° as stated by Zelinsky (Ber., 1901, 34, 2801), who obtained a very 
small yield by using sodium and moist ether. 

Di-A'*'-cyclopentene (II, » = 3).—Dihydroxydicyclopentyl (50 g.) and dehydrated alum 
(5 g.) were heated at 140—160° until evolution of water had ceased (3—4 hrs.), and the distillate 
and the extract of the residue were dried with calcium chloride in ethereal solution. After 
removal of ether, the residue (33 g.) formed a yellow oil, b. p. 208°, but repeated distillation both 
in a vacuum and at the ordinary pressure failed to give a colourless product, and satisfactory 
analytical figures could not be obtained. 

Di-A'*!-cyclohexene (octahydrodiphenyl) (I1; n = 4), similarly obtained (133 g. from 200 g. 
of diol), had b. p. 245—251°; after recrystallisation from alcohol, the m. p. was 28° (Found : 
C, 88:7; H, 11-1. C,,H,, requires C, 88-9; H, 11-1%). 

1: 2:3: 6-Tetrahydro-3 : 4: 5: 6-dicyclopentenophthalic Anhydride (III; n = 3).—Dicyclo- 
pentene (5 g.) and maleic anhydride (4 g.) were cautiously warmed until reaction took place. 
After recrystallisation from cyclohexane, the anhydride had m. p. 104° (Found : C, 72-3; H, 7-2. 
C,,H,,O, requires C, 72-4; H, 6-9%). 

Dodecahydrophenanthrene-9 : 10-dicarboxylic Anhydride (III, n = 4).—Octahydrodiphenyl 
(12 g.) and maleic anhydride (8 g.) were cautiously heated until the lower layer vanished (about 
2 mins.). The anhydride, washed with light petroleum and recrystallised from cyclohexane, 
had m. p. 122° (Found: C, 73-7; H, 7-7. Cy gHs9O; requires C, 73-8; H, 7:7%). 

Tetvahydro-5 : 6: 7 : 8-dicyclopenteno-1 : 4-naphthaquinone (IV, % = 3).—Dicyclopentene 
(4-4 g.) and benzoquinone (3-6 g.) were boiled for an hour with 10 c.c. of methanol, the whole 
cooled in ice, and the solid recrystallised from methanol and from toluene. The quinone, m. p. 
124°, was pale yellow (Found: C, 79-2; H, 7-4. C,gH,,O, requires C, 79-3; H, 7-4%). 

5 : 8-Dihydro-5 : 6: 7 : 8-dicyclopenienonaphthaquinyl Diacetate (VI, n = 3).—The above 
quinone (2 g.), acetic anhydride (4 c.c.), and pyridine (10 c.c.) were boiled for 2 hrs., a little 
water added, and the whole cooled in a freezing mixture. After recrystallisation from methanol 
(charcoal) and from cyclohexane, the crystals had m. p. 145° (Found: C, 73-5; H, 7-0. 
Cy H,,0, requires C, 73-6; H, 6-8%). 

Octahydrotetracyclopentenoanthraquinone (V, n = 3).—Equal weights of tetrahydrodicyclo- 
pentenonaphthaquinone (above) and dicyclopentene were boiled for 30 secs., acetone added, 
and the whole cooled in a freezing mixture. The quinone (yield about 10%), recrystallised from 
cyclohexane, had m. p. 152° (Found: C, 82-9; H, 8-7. C,,H;,O, requires C, 82-9; H, 8-6%). 

Dodecahydro-5 : 6 : 7 : 8-dibenz-1 : 4-naphthaquinone (IV, n = 4).—Octahydrodipheny] (4-2 g.) 
and benzoquinone (2-5 g.) were boiled for 5 hrs. with 15 c.c. of alcohol, the solution cooled in 
a freezing mixture, and the solid recrystallised from methanol (charcoal). The product, m. p. 
114°, was pale yellow (Found: C, 80-0; H, 8-3. C,,H,,O, requires C, 80-0; H, 8-2%). 

Decahydro-5 : 6 : 7 : 8-dibenznaphthaquinyl Diacetate (VI, n = 4).—The preceding compound 
(2-0 g.) was boiled for 2 hrs. with acetic anhydride (4 c.c.) and pyridine (10 c.c.), water added, 
and the solid recrystallised from acetone—alcohol (charcoal) and from toluene; m. p. 161° 
(Found: C, 74:5; H, 7-6. CggH,,O, requires C, 74-6; H, 7-4%). 

Eicositetrahydrotetrabenzanthraquinone (V, n = 4).—Octahydrodiphenyl (20 g.) and benzo- 
quinone (6 g.) were heated with shaking until the solution just boiled. The gum which separated 
on cooling was washed with alcohol and with acetone and recrystallised from toluene and from 
xylene. The product had m. p. 315° (decomp.) (Found: C, 83-0; H, 9-1. Cy gH, O, requires 
C, 83-3; H, 9-2%). 

Hexadecahydro-5 : 6: 7: 8-dicyclopenteno-1:2:3:4-dibenzanthraquinone (VII).—Tetra- 
hydrodicyclopentenonaphthaquinone (2-4 g.) and octahydrodiphenyl (2 g.) were cautiously 
boiled for a few seconds, and the gum formed on cooling was washed with acetone and recrystal- 
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lised from toluene. The product had m. p. 222° after slight saniaien (Found: C, 83-0; H, 9-1. 
CygH3.02 requires C, 83-2; H, 9-0%). 

Tetrahydro-1 : 2: 3: 4-dicyclopentenoanthraquinone (VIII, » = 3).—Dicyclopentene (5 g.) 
and «-naphthaqufhone (5-8 g.) were boiled with alcohol (15 c.c.) for an hour, and the crystals 
obtained on cooling recrystallised from alcohol (charcoal) and then from cyclohexane; m. p. 
134° (Found; C, 82-1; H, 6-9. C, ,H,,O, requires C, 82-2; H, 6-9%). 

1 : 4-Dihydro-1 : 2: 3: 4-dicyclopentenoanthraquinyl Diacetate (IX, n = 3).—The preceding 
compound (2-2 g.), acetic anhydride (4 c.c.), and pyridine (10 c.c.) were boiled for 3 hrs., water 
added, and the washed solid recrystallised from toluene. The product had m. p. 195° after 
some sintering (Found: C, 76-3; H, 6-5. C,,H,,O, requires C, 76-3; H, 6-4%). 

1: 2:3: 4-Dicyclopentenoanthraquinone (XI1).—Air was passed through a suspension of 
tetrahydrodicyclopentenoanthraquinone (4 g.) in alcohol (50 c.c.) containing a little caustic 
potash until the red colour vanished permanently. The product (quantitative yield) was 
recrystallised from anisole. It was pale yellow and had m. p. 253° (Found: C, 83-1; H, 5-6. 
CypH, gO, requires C, 83-3; H, 5-6%). 

1:2:3: 4-Dicyclopentenoanthracene. —The compound (XI) (2-5 g.), zinc dust (11 g.), caustic 
soda (11 g.), ammonia (d 0-880; 25 c.c.), alcohol (80 c.c.), and water (35 c.c.) were boiled for 
6 hrs., cooled, and the solid digested with hydrochloric acid to remove zinc. After recrystallis- 
ation from glacial acetic acid and from cyclohexane, the product, m. p. 146°, was pale yellow 
(Found: C, 92-8; H, 7-1. Cy oH,, requires C, 93-0; H, 7-0%). 

Dodecahydro-1 : 2: 3: 4-dibenzanthraquinone (VIII, n = 4).—Equal weights of octahydro- 
diphenyl and «-naphthaquinone were heated until the mixture just boiled. After recrystallis- 
ation from xylene and from benzene-light petroleum, the product had m. p. 208° (decomp.) 
(Found: C, 82-5; H, 7-5, C,,.H,,O, requires C, 82-5; H, 7-5%). 

Decahydro-1 : 2: 3: 4-dibenzanthraquinyl Diacetate (IX, n = 4).—The above quinone (3 g.), 
acetic anhydride (5 c.c.), and pyridine (10 c.c.) were boiled for 2} hrs., water added, and the 
solid recrystallised from toluene; m. p. 228° (Found: C, 77-2; H, 6-9. C,.H,,O, requires 
C, 77-2; H, 6-9%). 

Decahydro-1 : 2: 3: 4-dibenzanthraquinone (X).—A suspension of the above quinone (1-5 g.) 
in alcohol (50 c.c.) and alkali was oxidised as for (XI), and the solid precipitated by water; 
recrystallised from toluene, it had m. p. 254° and was yellow (Found: C, 83-0; H, 7:1. 
C,,H,,O, requires C, 83-0; H, 6-9%). 

5 : 8-Diacetoxydodecahydro-\ : 2: 3: 4-dibenzanthraquinone (XIII).—Naphthazarin diacetate 
(2-5 g.), octahydrodipheny] (1-5 g.), and toluene (10 c.c.) were boiled for 2} hrs., and the toluene 
then evaporated on the water-bath. After being washed with light petroleum, the residue 
was recrystallised from cyclohexane; m. p. 173° (Found: C, 71-5; H, 6-7. CygH,gO, requires 
C, 71-5; H, 6-4%). 

endo-9 : 10-0-Phenylenetetradecahydro-1 : 2:3: 4-dibenznaphthacene Quinone (XII).—Octa- 
hydrodiphenyl (3-5 g.) and endo-9 : 10-o-phenylene-9 : 10-dihydro-1 : 4-anthraquinone [prepared 
by Clar’s method (/oc. cit.) but with only half the amount of chromium trioxide specified by him] 
were boiled for 1 hr. with 25 c.c. of xylene. After being kept for a few hours at the ordinary 
temperature, the solid was washed with xylene and recrystallised from xylene and from anisole. 
The product, m. p. 260—267° (decomp.), was then yellow (Found: C, 85-8; H, 6-8. Cg,H 3,0, 
requires C, 86-1; H, 6-7%). 

1: 1’-Dihydroxy-1:2:3:4:1': 2’: 3’: 4’-octahydro-1: 1’-dinaphthyl (XIV).—100 G. of 
1-ketotetrahydronaphthalene (prepared by the oxidation of tetralin, D.R.-P. 346,948), 15 g. of 
coarse aluminium powder, 10 g. of mercuric chloride, and 100 c.c. of dry benzene were boiled 
for 1 hour, 50 c.c. of water added, and after being boiled for 10 mins., the whole was filtered 
and the solid extracted with boiling benzene. The united filtrates were concentrated, and the 
pinacol (10 g.) which separated was collected. Two repetitions of the above reduction with 
the filtrate afforded a further 6 g. of pinacol. After recrystallisation from slightly aqueous 
alcohol (charcoal) and (for analysis) from benzene, crystals, m. p. 191°, were obtained (Found : 
C, 81-7; H, 7-7. C,gH,,O, requires C, 81-6; H, 7-5%). 

3:4: 3’: 4’-Tetrahydro-1 : 1’-dinaphthyl (XV).—The above diol (10 g.) and dehydrated 
alum (1 g.) were heated at 170—190° until no more water was evolved (15—30 mins.). After 
recrystallisation from aqueous alcohol (charcoal), the product, 6 g., had m. p. 140° (Found 
C, 92-8; H, 7-1. C,)9H,, requires C, 93-0; H, 7-:0%). 


The authors thank Imperial Chemical Industries, Ltd., for grants. 
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258. Addition of Hydrogen Bromide to Non-terminal Double Bonds. 
isoUndecenoic Acid. 


By P. L. Harris and J. C. Smita. 


THE addition of hydrogen bromide to olefins containing terminal double bonds has been 
shown to be sensitive to the presence of oxygen or peroxides (Kharasch and Mayo, J. Amer, 
Chem. Soc., 1933, 55, 2468, and subsequent papers; Ashton and Smith, J., 1934, 435, 1308). 
In almost every case the presence of peroxide has favoured terminal addition of the bromine 
atom (CH,:CH-CH,—-> CH,Br-CH,°CH,°), the one exception being vinylacetic acid 
(Linstead and Rydon, J., 1934, 2002), where the double bond is under the influence of the 
carboxyl group. 

In the present investigation the addition reactions of tsoundecenoic acid (A*:!-unde- 
cenoic acid) have been studied under more powerfully oxidising and anti-oxidising conditions 
than those effective with A?:1!-undecenoic acid (Ashton and Smith, Joc. cit.), and in every 
case the resulting mixture of 9- and 10-bromoundecoic acids has had substantially the same 
composition. The slowness of the additions, as well as the composition of the product, 
indicate that the “‘ normal ”’ uncatalysed reaction is involved, instead of the alternative of 
a reaction sensitive to traces of peroxide which the anti-oxidant has failed to eliminate. 
As there is every reason to consider izsoundecenoic acid as typical of olefins with non- 
terminal double bonds, it is inferred that the addition of hydrogen bromide to these 
compounds is not subject to the peroxide effect. 

The recent criticism (Lauer and Stodola, J. Amer. Chem. Soc., 1934, 56, 1215) of the 
widely-quoted results of Lucas and Moyse (ibid., 1925, 47, 1459) for the addition of hydrogen 
bromide to A?-pentene made it advisable to attempt an analysis of the addition products 
from isoundecenoic acid in benzene or ligroin solution. In the absence of a satisfactory 
synthesis of 9-bromoundecoic acid, it has been assumed that the system of 10- and 
1l-bromoundecoic acids can be used in the analysis, and the consistency of the results, 
as well as the manyexamples in the literature of the behaviour of isomerides (van der Linden, 
J. Chim. physique, 1912, 10, 465; Geerling and Wibaut, Rec. trav. chim., 1934, 53, 1011), 
justify this procedure where an error of + 5% is allowable. The mean of the analysis 
is 43%, of 10-bromo- and 57% of 9-bromo-undecoic acid, the known sources of error tending 
to lower the proportions of the former. 

In order to compare the relative influence of methyl and ethyl on a double bond, 
Lucas and Moyse analysed the products of addition of hydrogen bromide to A-pentene, 
finding 78% of 3-bromo- and 22% of 2-bromopentane. This result was confirmed by 
Kharasch and Darkis (Chemical Rev., 1928, 5, 590). Lauer and Stodola point out the in- 
accuracy of the refractometric method and, by a procedure which in our opinion is also 
open to criticism, find only 53% of 3-bromopentane (C,H, : CH, = 53 : 47). 

In isoundecenoic acid the carboxyl group probably exerts little influence, so the effect 
of the polymethylene chain on the double bond should be at least as great as that of ethyl. 
Accordingly, on the basis of Lucas and Moyse’s results, at least 78° of 9-bromoundecoic 
acid should be produced instead of the 57% actually found. If the carboxyl group exerts 
the same influence as in additions to stearolic acid (Robinson and Robinson, J., 1926, 2204), 
the 78%, of 9-bromo-acid will be reduced only to 72%. The results with isoundecenoic 
acid appear, therefore, to fall into line with those of Lauer and Stodola. 


EXPERIMENTAL. 


Undecolic Acid, CH,-C=C-[CH,],-CO,H.—10: 11-Dibromoundecoic acid (the crude product 
from 90 g. of undécenoic acid), potassium hydroxide (200 g.), and water (120 c.c.) were heated 
to 170° for 0-5 hr. The product (65 g.; b. p. 170°/15 mm.) was crystallised from ligroin to m. p. 
61° (Krafft and Seldis, Ber., 1900, 33, 3572; Welander, ibid., 1895, 28, 1448, gave m. p. 59-5°). 

A®:1°.Undecenoic Acid (isoUndecenoic Acid).—Attempts to reduce the triple bond of the 
foregoing acid to a double bond by means of nascent hydrogen or catalytically have not yet led 
to a homogeneous product. Krafft and Seldis prepared isoundecenoic acid by first adding 
hydrogen bromide (1 mol.) to undecolic acid, and then reducing the bromine atom (by sodium 
amalgam in alcohol). It was found better to reduce the iodide in acid solution, as follows. 
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To a well-stirred solution of undecolic acid (20 g.) in warm acetic acid (50 c.c.), cold hydrogen 
iodide (14 g.) in acetic acid was slowly added. A rise in temperature occurred, and the mixture 
was left for several hours. It was poured into water, ether added, and the ethereal extract 
washed with dilute sodium bisulphite solution, several times with water to remove acetic acid, 
and dried (sodium sulphate). After evaporation of the ether, the residue was distilled, first 
at 15 mm. while acetic acid passed over. Almost all the remainder boiled at 166—170°/0-6 mm., 
and was redistilled to a colourless or light yellow liquid. At the commencement of each distil- 
lation a little iodine was liberated. The mixture of iodoundecoic acids would not crystallise. 

Reduction.—To a warm solution of the iodides (17 g.) in propionic acid (150 c.c.), a small 
amount of zinc dust was added, and the mixture boiled under reflux for 24 hrs. with occasional 
additions of zinc (compare Carey and Smith, J., 1933, 346). If too much zinc had been added, 
the zinc propionate which separated after some hours could be redissolved by the cautious 
addition of a few c.e. of water. The hot liquid was poured into water (500 c.c. containing 
5 c.c. of concentrated sulphuric acid), and the flask and zinc washed three times with boiling 
dilute sulphuric acid, the washings being added to the main bulk. The ligroin (b. p. 40—60°) 
extract of this mixture was washed six times with water in order to remove propionic acid; it 
was then dried and evaporated. After a little propionic acid had distilled, the liquid boiled 
constantly at 130°/1 mm., and was free from iodine. The yield was 8—9 g. (80—90%) and 
the m. p. varied from 9° to 13°. The iodine number (Hanu8) (average, 112; calc., 138) indicated 
the presence of saturated impurities. 

It was thought that the presence of a lower-melting (cis?) isomeride of isoundecenoic acid 
might be detected by the action of nitrous acid. Under the same conditions under which oleic 
acid was rapidly converted into elaidic acid, the crude isoundecenoic acid, m. p. 8°, was un- 
changed, and after two hours had m. p. 7°. 

Distillation of a large quantity of isoundecenoic acid (m. p. 10°) raised the m. p. of the main 
fraction only to 11-4°, b. p. 129—130°/1 mm. All fractions were free from halogen. After 
two crystallisations from acetone, a specimen originally of m. p. 10° melted at 17° (yield 30%), 
and several further crystallisations raised the m. p. to 19-1° (in a capillary tube, 20°). Krafft 
and Seldis (loc. cit.) give m. p. 18—19°. The iodine number (Hanu8) was 134 (calc., 138), and the 
amide melted at 99° (Found: N, 7-7. Calc.; N, 7-7%). Chuit, Boelsing, Hausser, and Malet 
(Helv. Chim. Acta, 1926, 9, 1074) and also Krafft and Seldis (loc. cit.) obtained high yields of 
azelaic acid on oxidation, showing that the double bond was in the 9 : 10-position. 

10-Bromoundecoic Acid.—The method of analysis adopted for mixtures of 9- and 10-bromo- 
undecoic acid necessitated replotting with greater accuracy one portion of the system 10- and 
11-bromoundecoic acids. 

Undecenoic acid (37 g., f. p. 24-0°) was dissolved in purified ligroin (200 c.c.); hydrogen 
was passed for 10 minutes, and then dry hydrogen bromide (free from air) for 2 hours at room 
temperature. The sealed flask was left over-night, and all the hydrogen bromide had then been 
absorbed. Again, hydrogen and hydrogen bromide were passed, and the mixture, after having 
stood for 24 hours, was free from olefin. (Use of diphenylamine as an anti-oxidant makes the 
reaction even slower.) After the solution had been concentrated to half volume and cooled to 
— 15°, the solid was removed and then crystallised from ligroin at — 15°. The product (35 g., 
m. p. 33°) was twice crystallised from ligroin and had m. p. (clearing-point) 35-1° (compare 
Ashton and Smith, Jocc. cit., pp. 439, 1309). After distillation (b. p. 165°/0-7 mm.) and two 
crystallisations from ligroin, the substance still crystallised slowly and had an indefinite m. p. 
in the Beckmann apparatus; it ‘“‘ cleared ’’ at 35-25°. A change of solvent was therefore tried. 
After four crystallisations from acetone at a low temperature, the substance had clearing-point 
35°7°, a slow rise from 35-2° taking place during 15 minutes while the bath was kept 1° above the 
melt. The f. p. was still indefinite, and the m. p. in a capillary tube was 36-5°. A further four 
crystallisations failed to. cause any change in m. p. The difficulty of purification above 35° 
is probably due to the presence of about 3% of the higher-melting 11-bromo-isomeride in solid 
solution, and the slow crystallisation of the pure 10-bromo-acid is an indication of polymorphism, 
a transition taking place near the m. p. 

A second specimen of 10-bromoundecoic acid was purified to the same constant clearing- 
point, 35-7°. 

Mixtures of 10- and 11-Bromoundecoic Acids.—The following values replace those previously 
given (Ashton and Smith, Joc. cit., p. 440) : 


10-Bromoundecoic acid, mols. % 87°4 78:0 67°9 66°8 57°7 
M. p. (clearing point) P 32°8° 30°2° 27°1° 26°5° 30°2° 
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Addition of Hydrogen Bromide.—For the addition reactions, 2—10 g. of itsoundecenoic acid 
were taken, and the technique was the same as that used previously (idem, loc. cit.), but as the 
reactions were much slower than with compounds having terminal double bonds, the flasks were 
sealed and left for 24 hours. If olefin could still be detected, hydrogen (or air) and hydrogen 
bromide were passed again for 1 hour, and the apparatus re-sealed. When reaction was complete, 
or when only a trace of olefin was left (l1—4 days), the solvent was evaporated (after being 
filtered if diphenylamine had been used), and the yellow to dark-brown residue distilled. 
Usually there was a small fraction, b. p. 119—130°/0-2 mm., and the main fraction boiled at 
140—160°/0-2 mm. The very small residue contained the high-boiling catalyst. 

Redistillation gave a colourless to light-yellow main fraction, b. p. 145—159°/0-2 mm., which 
had an analysis in agreement with that for monobromoundecoic acid (yield 80—90%), and a 
lower fraction containing only traces of bromine. Any added perbenzoic acid was eliminated 
as benzoic acid in the lower fraction. In experiments in which the reaction had gone to com- 
pletion and there was no catalyst to be removed (Expt. A), the distillation caused a rise of less 
than 2° in the m. p. An attempt to separate the monobromo-acids, and especially to isolate 
the 9-bromo-acid by fractional distillation, failed owing to the closeness of the b. p.’s. 

The products from all the addition experiments exhibited the same behaviour on crystal- 
lisation. On cooling in a freezing mixture, they yielded a solid of m. p. — 6° to — 4°. When 
the semi-solid mass was stirred at 0°, a change of crystal form occurred, and the m. p. now 
became 14—18°. Examination of the binary systems showed that it was unlikely that the m. p. 
of mixtures with the normal form of 10-bromoundecoic acid (m. p. 35-7°) could be depressed 
to — 5°, and a lower-melting form was probably involved. The 9-bromo-acid may also be 
polymorphous. 

Analysis of the Products.—The mixtures of 9- and 10-bromoundecoic acids from most of the 
experiments were analysed by addition of successive weighed amounts to a known weight of 
pure 10-bromo-acid, followed by a determination of the m. p. On the assumption that the 
depression in m. p. of 10-bromoundecoic acid by the 9-bromo-acid would be the same as by an 
equal number of molecules of the 11-bromo-isomeride, the composition of the new mixture could 
be read off, and that of the original mixture calculated. Additional details of the following 
experiments are given in the table. 

Expt. A. isoUndecenoic acid (m. p. 19°, 2-5 g.) yielded 3-4 g. (95%) of a brown oil, m. p. 
15-7°; distilled, this had m. p. — 5° and + 17°; M 261 (calc., 265). Addition of a trace of 10- 
bromo-acid raised the m. p. to 18°. 

Expt. B. Acid of m. p. 19° yielded a light yellow oil, m. p. 15°. Redistilled, this had m. p.’s 
— 5° and 17°, raised by addition of 10-bromo-acid. A mixture of A and B (1: 1) had m. p. 17°. 

Expt. C. M. p. 16°, M 262 (calc., 265). 1-001 G. of 10-bromoundecoic acid mixed with 
0-254, 0-614, and 1-056 g. of the product in this experiment had m. p.’s 33-0°, 30-2°, and 27-9° 
respectively, whence 10-bromo-acid in the mixtures = 88-2, 78-0, and 70-3%; in product 
C, 41-8, 42-1, and 42-1%. 

Expt. D. M. p. 16°, M 260 (calc., 265). 1-004 G. of 10-bromo-acid mixed with 0-314 and 
0-822 g. of the product had m. p.’s 32-4° and 28-8° respectively, whence there were 86-0 and 73-8% 
of 10-bromo-acid in the mixtures; 41-2 and 41-8% in product D. 

Expt. E. M. p. 18°, M 262. Mixed with D (1:1), m.p.was17°. 1-001 G. of 10-bromo-acid 
mixed with 0-509 and 0-914 g. of product E had m. p.’s 31-1° and 28-9° respectively; whence 
81-3 and 73-7% of 10-bromo-acid in the mixtures; 44-5 and 44-9% in product E. 

Expt. F. M. p. 17°, M 263. 1-319 G. of 10-bromo-acid mixed with 0-340, 0-7075, and 1-343 g. 
of product F had m. p.’s 32-9°, 30-8°, and 28-0° respectively; whence 88-0, 80-0, and 71-0% 
of 10-bromo-acid in the mixtures; 41-4, 42-7, and 42-4% in F. 

Expt. G. The product had been collected in two fractions: G (i) 2-1 g., b. p. 140—154°/0-2 
mm., m. p. 17-5°; Br, 27-8 (calc., 30-2%) ; G (ii), 3-1 g., b. p. 154—157°/0-2 mm., m. p. 19-5°; 
Br, 29-8%; M, 263. 

G (i). 1-002 G. of 10-bromo-acid mixed with 0-320, 0-753, and 1-056 g. of G (i) had m. p. 
32-3°, 29-4°, and 28-2° respectively; whence 85-7, 75-5, and 71-5% of 10-bromo-acid in the 
mixtures and 40-9, 42-8, and 44-4% in G (i), the variation being due to impurity. 

G (ii). 10025 G. of 10-bromo-acid mixed with 0-409 and 0-985 g. of G (ii) had m. p. 32-2° 
and 29-0° respectively; whence 85-0 and 74-0% of 10-bromo-acid in the mixtures; 48-1 and 
47-5% in G (ii). The mean content of product G is approx. 46%. 

Expt. H. The undecenoic acid was kept for 24 hrs. in benzene with perbenzoic acid (10 
mols. %) before passage of hydrogen bromide. The distilled product had m. p. 14°, M 257, and 
was slightly unsaturated. 





Considerations concerning the Mechanism of Chemical Reactions. 1111 


1-015 G. of 10-bromo-acid mixed with 0-504 and 1-000 g. of H had m. p.’s 30-6° and 27-8° 
respectively; whence 79-5 and 70-3% of 10-bromo-acid in the mixtures, and 39-7 and 40°1% 
in H. 

Addition of Hydrogen Bromide to isoUndecenotc Acid. 
Product: mols. % 

Solvent. In presence of M. p. of 10-bromo-acid. 
Benzene Air + water 

me Hydrogen 

“ Air + Ph-CO,H 42 
Ligroin H, + NHPh, ; 
Benzene Air + C,,H,,0 * 
Ligroin Air + water 

2 H, + NHPh, 17°5 and 19°5 
Benzene Air + Ph:CO,H 14 

Mean composition 42°7 


* Peroxide catalyst, a-heptenylheptaldehyde. 


— 
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259. Considerations concerning the Mechanism of Chemical Reactions. 
By C. N. HINSHELWOOD. 


THE object of this paper is to attempt to bring certain unco-ordinated results of chemical 
kinetics into relation with one another. These results will first be stated and numbered 
for future reference. 

(1) Unimolecular reactions depend upon activation of molecules by collision and a 
subsequent rearrangement of the activation energy inside the molecule. To account for 
the fact that the reaction is of the first order at higher pressures, the probability of 
decomposition of the activated molecule is assumed to be small, deactivation by a second 
collision usually occurring (for references, see Hinshelwood, ‘ Kinetics of Chemical 
Change,’ 3rd edtn., Oxford, 1933). 

(2) Many degrees of freedom may contribute to the activation energy (idem, ibid.). 
If only one internal vibration could so contribute (or, in general, energy in two square 
terms), the activation rate would be Ze~*/*7, but when m square terms contribute this 
must be multiplied by a factor of the order (E/RT)!""1/|}n — 1, which may become very 
great. Thus if we write the reaction rate as PZe~“/*7, P often has a value from 10? to 
10°. It will be convenient to use two new terms. We will call a molecule preactivated 
when it has received so much energy that it can decompose after a suitable internal 
redistribution of this energy, and critically activated when it possesses enough energy in a 
vital bond or bonds to ensure that it will decompose within the next vibration period. 
For a unimolecular reaction, then, we may say that P tends to be large because there are 
sO many ways in which the molecule can be preactivated, though it tends to be reduced 
by the relatively small chance that preactivation becomes critical before the next 
collision. 

(3) Unimolecular reactions are often sensitive to homogeneous catalysts such as 
iodine. Certain generalisations have emerged from the study of these reactions (Bairstow 
and Hinshelwood, Proc. Roy. Soc., 1933, A, 142, 77). The activation energy is almost 
invariably lower than that of the uncatalysed reaction, and usually the number of degrees 
of freedom which have to be invoked to account for the activation rate is much smaller. 
Quite often, indeed, the rate is given by the simple expression Ze~*/*7, where Z is the 
number of collisions between catalyst and reactant. This means that preactivation 
becomes critical immediately; 7.e., that the catalyst puts the activation energy directly 
into the vital part of the molecule. As typical examples may be quoted: (a) iodine 
molecules catalyse the decompositions of aldehydes and ethers; (b) halogen atoms catalyse 
that of nitrous oxide (Musgrave and Hinshelwood, ibid., 1932, 137, 25); (c) nitric oxide 
that of chloral and of acetaldehyde (unpublished experiments of Verhoek); (d) oxygen 





1112 Hinshelwood : Considerations concerning the 


that of acetaldehyde (Letort, Compt. rend., 1933, 197, 1042). There must be a strong 
specific action between catalyst and reactant, or the activation energy would not be so 
markedly reduced. But another factor is of importance: in (a) the iodine is highly 
polarisable and the reactants possess dipoles in the vital part of the molecule; in () the 
catalyst has a free valency; in (c) it has an odd electron; and in (d) the oxygen is itself 
magnetic, and also gives rise to some concurrent oxidation of the reactant, during which 
chain reactions may introduce free radicals into the system. These various conditions 
are precisely those likely to favour highly specific energy transfers. The important con- 
dition for the transfer of vibrational energy on collision is a strong mutual distortion of 
the potential energy curves of the colliding molecules (Franck and Eucken, Z. phystkal. 
Chem., 1933, B, 20, 460). Dipoles, free charges, and unsaturated valencies provide the 
conditions for such distortion. 

(4) The study of certain reactions has shown the existence of qualitatively distinct 
types of activated state, or, rather, of preactivated state. This provides additional 
evidence that internal energy changes of the kind necessary for chemical change some- 
times require longer time intervals than those between collisions at moderate pressures 
(Hinshelwood, Fletcher, Verhoek, and Winkler, Proc. Roy. Soc., 1934, A, 146, 327). 

(5) For bimolecular reactions in solution (for references, see Hinshelwood and Legard, 
this vol., p. 587) the factor P in the expression PZe~*/? is sometimes of the order unity, 
and sometimes as small as 10-*—10-8, 

(6) The majority of the reactions where P approaches unity involve a charged ion 
(idem, ibid.), many being of the type XY + Z~- = XZ + Y-. 

(7) In esterification reactions (idem, ibid.), if the hydrion replaces an undissociated 
acid molecule as a catalyst, P increases by about 10*, attaining a value of ca. 10-2 for the 
reaction between benzoic acid, methyl alcohol, and hydrion (in methyl-alcoholic solution). 
In the acetone-iodine reaction (Smith, J., 1934, 1744), with the hydrion as catalyst, P is 
0-15; with the charged propionate and acetate ions the values are respectively about 
one-half and one-third of this, and for undissociated acid catalysts the values are much 
smaller, 26 times smaller for dichloroacetic acid, and over a 1000 times smaller for acetic 
acid. 

Unimolecular and Bimolecular Reactions.—We will consider first the contrast between 
the large values of P for unimolecular reactions and the small values for certain bimole- 
cular reactions. Some time ago it was suggested (J., 1933, 1357) that forbidden transitions 
might play a part in the reactions with very small values of P. Since experimental 
investigation seems, on the whole, to give a definitely negative answer to this suggestion 
(Hinshelwood and Legard, Joc. cit.), it is necessary to see what other resources can 
account for. 

To ensure that other factors are as nearly as possible equal, it will be convenient to 
consider a unimolecular forward reaction with P much greater than unity and a bimole- 
cular reverse reaction with P much smaller than unity. Such an example would be the 
dissociation of a quaternary ammonium salt. Salts of this type undergo unimolecular 
decompositions with P of the order 10° or greater, whereas the formation of quaternary 
ammonium salts is a bimolecular reaction with P of the order 10~’. 

We will try to express formally the principal factors determining the rate of reaction 
in one or other direction.* In both cases activation is by collision, and, unless there is a 
chain reaction, the rate of reaction cannot be greater than the possible rate of activation. 
The rate of preactivation, in the sense defined above, is Z . f(E,n) .e*/*?, Z being the 
collision number, E the energy concerned in the preactivation process, and ” the number 
of square terms involved. The maximum rate at which preactivation can become critical 
is Z.f(E,n) . e*/*? . «/8, where « is the rate at which energy can find its way into the 
right place in the molecule, on the assumption that no deactivation occurs, and @ is the 
rate at which the preactivation of the molecules is destroyed again, either by collision in 


* The method of approach adopted here must, if properly applied, lead to the same results as the 
“ transition state ’’ method of Evans and Polanyi, Eyring, and others, though considerable apparent 
differences exist between the two methods. 
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the case of a unimolecular reaction, or by separation of the partners in the case of a 
bimolecular reaction. 

The nature of « and $ can be seen from the following simple considerations. In the 
unimolecular reaction, let k,c* be the rate at which normal molecules, concentration c, become 
activated by collision. Let @ be the stationary concentration of activated molecules, and let 
the latter suffer decomposition at a rate k,a, and deactivation by collision with normal mole- 
cules atarate k,ca. Then we have, as usual, k,c? — kgca — k,a = 0; whence, rate of reaction= 
kya = hgk,c*/(kg + hc), which, when c is great enough for the reaction to be of the first order, 
is (kgk,/Rkg)c. Thus the rate depends upon the ratio of k, to ky. In the bimolecular reaction 
the rate of activation will be k,c,c,. We think of the colliding molecules as united in a 
temporary complex, which either separates into its partners at a rate k,v, where x is the 
stationary concentration of the complex, or undergoes spontaneous re-arrangement into the 
reaction products at rate k3x. Then k,c,c, — kav — k3xy = 0; whence rate of reaction = 
hx = hgh yC3C,/(Re + Rs). If there is any difficulty about the change from the preactivated to 
the critically activated state, then k, is great compared with f;, and we have once more: 
rate = k,C,C, . k3/Ry, the ratio k,/k, determining the reaction velocity. « and # are written in 
the general formula instead of k, and k, so that the concentration terms can be omitted. 


Finally, we multiply by a factor G,G,, which expresses the condition for a correct 
geometrical orientation of the two molecules, Roughly, G, and G, may be considered to 
be the fractions of the two molecular surfaces which can come into contact with any 
useful effect. Thus for the maximum reaction rates we have G,G,Z .f(E,n)a/B . e€*/*7, 
and P will be G,G, . f(E,n)«/8. 

In the unimolecular reaction, G,G, will be unity, since preactivation is not concerned 
with reactive groups, and the energy may go anywhere. When 1 is considerable, f(E,n) 
may be great—values of about 104 are not uncommon; «/$ depends upon the ratio of the 
time between preactivating and deactivating collisions to the average time required for 
the redistribution of energy in the undisturbed molecule to give a state of critical activ- 
ation. In general, it will be less than unity, but need not be enormously less, since the 
order of unimolecular gas reactions often changes at quite moderate pressures, showing 
that the time required for energy rearrangement can become comparable with that 
between collisions. Thus, P can be very great. Turning now to the bimolecular reaction, 
G, and G, will both be less than unity, since the reactive groups must be properly orient- 
ated. The next factor is very important: the duration of a collision is small, and thus 
«/8 will be many times smaller than for a unimolecular reaction, since « may be of the 
same order for the two types, while 8 for the bimolecular is to 8 for the unimolecular as 
the time between collisions is to the duration of a collision. (« will be the rate at which 
the preactivation of the collision complex would become critical if the partners did not 
separate again.) This difference in the time factor can account for differences of many 
powers of ten between the values of P for the two types of reaction. If we look on the 
process by which the preactivation energy becomes critical as the redistribution of energy 
inside a collision complex, then the life of this complex is very important, and any factors 
which tend to lengthen it increase the probability of reaction enormously. If there is no 
complex formation in the definite chemical sense, then the time during which the molecules 
are in close enough contact for energy changes to occur with any efficiency may easily be 
as small as, say, one-tenth of the time which a freely moving molecule takes to traverse a 
molecular diameter. The ratio of this time to the average time between collisions at 
ordinary pressures is 10“ or less, Thus the chance of critical activation is small, unless 
it occurs at the very moment of impact. This demands the fulfilment of special con- 
ditions which allow the energy to be put just in the right place without the need for 
redistribution. These special conditions, combined with the geometrical factors, G, and 
G,, may account for the very small values of P sometimes found. 

The possibility that special conditions favouring specific energy transfers may be 
necessary, brings us to the connexion between the facts just discussed and the other set 
referred to in Section (3) above. 

Efficiency of Activating Collisions.—It is well known that different degrees of freedom 
in molecules can be excited with very varying facility (cf. Franck and Eucken, loc. cit.). 

4D 
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This does not conflict with the principles of thermodynamics, since the energy is lost with 
corresponding ease or difficulty. The excitation of a degree of freedom in the collision com- 
plex may, on the one hand, prove to be rarely successful, or, on the other, it may happen 
whenever the necessary energy is available. The question arising is whether some of the 
reactions where P is small are characterised by conditions such that collisions which will 
critically activate the collision complex occur very rarely in comparison with collisions 
which put the energy in the wrong place. As we have seen, energy in the wrong place has 
not time to be redistributed, as it can be in a unimolecular reaction. At this point, it 
seems that we may come one stage nearer to understanding the problem if we bring into 
relation the two sets of facts referred to in Sections (3) and (7) above. It seems possible, 
for example, that the superiority of the charged catalysts is partly due to a mechanism 
analogous to that by which iodine and nitric oxide are enabled in homogeneous gas 
reactions to communicate energy of activation in such an effective way that it immediately 
counts as critical activation energy. In other words, the special quality of reactions 
involving an ion becomes one case of the general ability of ions, atoms, free radicals, 
molecules with odd electrons, or easily polarisable substances to take part in specific 
energy transfers. In comparing a series of catalysts, two factors must be taken into 
account: first, the lowering of the activation energy which the catalyst causes, and 
secondly, the ease with which activation of the right part of the molecule occurs, under 
the influence of the collision. The two factors will not be uncorrelated. That catalyst 
which causes the greatest weakening of the critical bond must do so in virtue of a specific 
force acting precisely on that part of the molecule which contains the reactive system. 
This specific action is of the kind which facilitates the transfer of energy, on collision, to 
that same part of the molecule. 

This idea can be extended to reactions which we do not ordinarily call catalytic. If 
we recognise that collisions vary very widely in their efficiency for certain types of energy 
transfer, then correspondingly wide variations in the factor P may be expected. The 
term /(E,n) will, in fact, contain an extra specific constant. Small values of P will 
appear when, for any reason, the mutual influences of the molecules are such as to favour 
chemically unsuitable energy transfers in the activating collisions. The difference in the 
value of P found for bromides and iodides in their reactions with tertiary bases (see 
following paper) may be an example of the varying operation of such effects. The facts 
mentioned under (6) should also be considered in this connexion. 

Relations between P and E.—(a) With a series of related reactions, we may have a 
constant P and a variable E. An example of the approximate realisation of this condition 
is provided by the reactions of a series of aromatic amines with substituted benzoyl 
chlorides (Williams and Hinshelwood, J., 1934, 1079). The structural relations of 
the molecules in the immediate vicinity of the reactive groups are the same for all the 
reactions of the series, and the effect of the substituents is mainly to modify the various 
bond strengths. In other words, the passage from preactivation to critical activation 
involves qualitatively similar processes in each reaction of the series. Thus, only the 
eR? factor is very seriously altered. 

(b) Another case arises, and is exemplified to some extent in the series of esterification 
reactions: there is a fairly well marked tendency for P to increase as E increases (Hin- 
shelwood and Legard, Joc. cit.; compare also, for unimolecular reactions in solution, 
Moelwyn-Hughes, “ Kinetics of Reactions in Solution,” Oxford, 1933, p. 168). The 
increase of P may be due to the fact that a very highly activated molecule would be so 
dislocated that delicately adjusted orientation is no longer necessary, as it is when E is 
small. Another contributing factor may be the greater closeness of vibrational levels in 
a highly excited molecule. This will make the quantum conditions for critical activation 
easier to satisfy, and so increase the frequency of its occurrence, and thus raise the value 
of P. Yet another factor must be taken into account : the structural and polar changes 
which have occurred in passing from the faster to the slower reaction may be such as to 
render direct critical activation almost impossible. Reaction can now take place only 
when the molecule is preactivated to such an enormous extent that « is increased to 
something comparable with 8. The participation of more degrees of freedom, with 
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consequent increase of P, now becomes possible. (The participation of internal degrees of 
freedom in bimolecular reactions is impossible according to the views of Evans and 
Polanyi, although it is not clear that exceptional cases are excluded by their arguments.) 

(c) The third case is where there is a change of catalyst and P alone varies, or varies 
to a more important extent than E (cf. Smith, loc. cit.). This is the case to which the 
considerations advanced earlier in this paper apply, and according to the view there 
expressed, the effect depends upon the action of the catalyst in favouring the specific 
energy transfers necessary for direct critical activation. 

Combinations of these various types of behaviour may occur. Furthermore, different 
catalysts alter the activation energy to varying extents, and since those which produce 
the greatest lowering can most easily effect specific energy transfers (because they will 
most distort the potential-energy curves of the reactive groups), we might expect, in 
special cases, a correlation between a small value of E and a large value of P. Thus, by 
a combination of this effect with that discussed under (6), one might encounter cases where 
P showed a minimum for a certain value of E in a series of reactions. 

It is not profitable to discuss this matter in further detail until more experimental 
evidence is available, but with regard to the type of evidence required, one conclusion 
may safely be drawn from the foregoing. Just as the testing of the quantum-mechanical 
hypothesis indicated experiments upon the influence of polar substituents, and upon 
reactions involving proton movements, so the further investigation of the ideas discussed 
in these notes requires experiments upon the relations of P and E for series of reactions 
in which the structural types of the reacting molecules are varied over as wide a range as 
possible. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, June 28th, 1935 ] 





260. Reactions of o-Hydroxybenzylidenediacetophenones. Part IV. 
Unsymmetrical 1 : 5-Diketones. 


By Douctas W. HILL. 


THE reactions of simple o-hydroxybenzylidenediacetophenones described in previous 
communications (J., 1934, 1255; this vol., pp. 85, 88) make the preparation of similar 
compounds substituted in the methylene group of interest. Substances of this type, but 
lacking an o-hydroxyl group, have been described by Knoevenagel (Amnalen, 1894, 281, 
25), Stobbe (Ber., 1902, 35, 1445, 3978; Amnnalen, 1910, 374, 237; J. pr. Chem., 1912, 86, 
209), and Allen and Sallens (Canadian J. Res., 1933, 9, 574). 

Unsymmetrical diketones of type (I) may lose water to give a 4-phenacylflavene 
having the radical R either in the side chain (II) or in the ring (III), each of which will 
yield the corresponding phenacylideneflavene (IV or V). «y-Dibenzoyl-B-o-hydroxyphenyl- 
a-phenylpropane (I, R = Ph), prepared by condensation of chalkone with deoxybenzoin 
in the presence of sodium ethoxide, undergoes ring closure in glacial acetic acid entirely in 
the first manner, with formation of 4-(«-phenylphenacyl)flavene (II, R = Ph) and 4-(a- 
phenylphenacylidene)flavene (IV, R= Ph). The constitution of these compounds was 
established by taking advantage of the observation (Part II) that the action of hydrogen 
chloride in glacial acetic acid on either the diacetophenones or the 4-phenacylflavenes 
leads to flavylium salts without a 4-substituent. The isolation in this instance of flavylium 
ferrichloride (as VI) as the product of this reaction indicates that ring closure had occurred 
between the hydroxyl group and the carbonyl group of the unsubstituted acetophenone 
chain. 

More prolonged heating of this diketone in glacial acetic acid was required than in 
previously recorded instances to effect ring closure, and in no case was complete con- 
version into phenylphenacylideneflavene obtained. In a typical experiment, steam dis- 
tillation of the reaction mixture yielded only 0-2 g. of deoxybenzoin from 2 g. of diketone, 
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representing 44%, of the expected conversion. The residue was a mixture of compounds 
of types ae and esi The Ps compound was not obtained Rf treatment with cold 


O 


(VI) (ee: oe Ce: h av.) 


ed lancom — COPh 


4 (II.) 4 


OH 
. | 
(I.) 
CH<CHyCOPh - 


CHR:-COPh | 


O “ie O O 
“cP h push }. \GPh _. /\cPh 
CR R JER 
H JX H ( 
e CH,*COPh CH-COPh 
(III.) (V.) 

acetic acid, but was always formed as a by-product in the preparation of the pheny]l- 
phenacylidene derivative. The phenacylidene compound formed, as usual, a 4-substituted 
flavylium ferrichloride. 

Two other unsymmetrical diketones examined were derived from cyclic ketones. 
cycloHexanone condensed readily with the chalkone in the presence of concentrated sodium 
hydroxide at 40° to give a good yield of 2-(8-benzoyl-«-o-hydroxyphenylethyl)cyclohexanone 
(VII). cycloPentanone, on the other hand, could not be condensed in the usual way, but 
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under the influence of diethylamine poor yields of the corresponding cyclopentanone were 
obtained. The crude product was invariably oily and difficult to purify. This compound 
resembles the unsymmetrical diketone from chalkone and deoxybenzoin in its behaviour 
with hydrogen chloride in glacial acetic acid followed by ferric chloride, forming only 
flavylium ferrichloride. The compound (VII) behaves differently in these circumstances, 
yielding 1:2:3:4-tetrahydroxanthylium ferrichloride (VIII), and an indication of the 
readiness with which this ring closure occurs is shown by the fact that the same compound 
is formed by treatment of the diketone with ferric chloride and acetic anhydride in the 
cold, a reaction which normally leads to substituted pyrylium salts. This diketone also 
differs from other compounds of this series in its action with glacial acetic acid. By the 
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usual procedure for the preparation of 4-phenacylflavenes it yields a compound of the 
same empirical formula, which is readily converted into the same tetrahydroxanthylium 
salt as the parent substance. It must therefore be the closed compound, 11-hydroxy- 
9-phenacyl-1 : 2: 3:4: 10: 11-hexahydroxanthen (IX). 

In the course of the condensation of deoxybenzoin with chalkone, a second compound 
was isolated in small quantity. This has been shown to be identical with a compound of 
unknown constitution obtained by Klingemann (Annalen, 1893, 275, 81) by the con- 
densation of deoxybenzoin with acetophenone. It is probable that the procedure used 
in the condensation of deoxybenzoin with chalkone partly hydrolysed the latter, and that 
the acetophenone so formed combined with the deoxybenzoin. 


EXPERIMENTAL. 


ay-Dibenzoyl-B-o-hydroxyphenyl-a-phenylpropane (I, R= Ph).—To a solution of deoxy- 
benzoin (5 g.) in alcohol (100 c.c.) containing sodium (1-5 g.), chalkone (5 g.) was added. The 
deep red solution was boiled on the water-bath for 2 hours, kept over-night, then poured into 
water (500 c.c.), and the precipitated solid filtered off and repeatedly crystallised from alcohol, 
being finally obtained as colourless rhombs (6 g.), m. p. 198° (Found: C, 83-1; H, 5-6. 
Cy9H,,O0, requires C, 82-9; H, 5-7%). 

The alcoholic mother-liquors contained a second more soluble compound which, when 
pure, separated in rosettes of fine colourless needles, m. p. 200°. It is unaffected by, and may 
be recrystallised from, boiling glacial acetic acid. Mixed with the compound prepared by the 
condensation of deoxybenzoin with acetophenone (Klingemann, Joc. cit.), it had m. p. 200° 
(Found: C, 84-9; H, 5-5. Calc. for Cs,H,,0,: C, 85-0; H, 5-5%). 

4-(a-Phenylphenacylidene) fiavene (IV, R = Ph).—The above compound (I, R = Ph) (2 g.) 
was dissolved in glacial acetic acid (25 c.c.), and the solution boiled for 1 hour, cooled, poured 
into water, and steam-distilled. The distillate contained deoxybenzoin (0-2 g.). The residue 
was dissolved in alcohol, precipitated as a solid by pouring into water, dried, and crystallised 
from light petroleum (b. p. 40—60°). The yellow needles which first separated were recrystal- 
lised from alcohol; m. p. 162—163°; yield 0-3 g. (Found: C, 86-9; H, 5-0. C, 9H, O, requires 
C, 87-0; H, 5-0%). 

4-(a-Phenylphenacyl)flavene (II, R = Ph).—The light petroleum mother-liquor, on evapor- 
ation to half bulk, deposited very pale yellow, fine needles (0-3 g.), m. p. 135—136°, unchanged 
by repeated recrystallisation (Found: C, 86-7; H, 5-3. C, 9H,,O, requires C, 86-6; H, 5-5%). 

Action of Hydrogen Chloride on ay-Dibenzoyl-B-o-hydroxyphenyl-a-phenylpropane.—the di- 
ketone (1-5 g.) was suspended in glacial acetic acid (15 c.c.), and dry hydrogen chloride passed 
through it for 5 mins. with cooling. Addition of ferric chloride (0-75 g. in 10 c.c. of glacial 
acetic acid) to the yellow solution produced first a momentary cloudiness and then rapid 
separation of a yellow crystalline ferrichloride. Crystallisation was complete after an hour, 
and the solid was then filtered off and recrystallised from glacial acetic acid, being obtained as 
golden-yellow plates with a tendency to become green; m. p., and mixed m. p. with flavylium 
ferrichloride, 138° (Found: Fe, 13-6. Calc. for Cy;sH,,OCl,Fe: Fe, 13-5%). 

4-(a-Phenylphenacyl) flavylium Ferrichloride.—Dry hydrogen chloride was passed through a 
cooled suspension of the substituted phenacylidene derivative (0-3 g.) in glacial acetic acid 
(5 c.c.) for 4 minutes. A deep carmine-coloured solution resulted. Ferric chloride (0-2 g. in 
5 c.c. of glacial acetic acid) was added, and dull red needles immediately began to separate. 
After 2 hours, these were filtered off, well washed with ether, and crystallised from glacial 
acetic acid. The ferrichloride separated as brick-red needles with a metallic sheen, and melted 
at 196° to a deep red liquid (Found: C, 57-9; H, 3-9; Cl, 241; Fe, 9-3. C,,H,,0,Cl,Fe 
requires C, 58-1; H, 3-5; Cl, 23-7; Fe, 9-35%). 

2-(B-Benzoyl-a-o-hydroxyphenylethyl)cyclohexanone (VII).—A hot solution of sodium hydr- 
oxide (15 g. in 15 c.c. of water) was added to a solution of chalkone (10 g.) and cyclohexanone _ 
(20 c.c.) in alcohol (150 c.c.) at 40°. The mixture was kept over-night, and then poured into 
water (1000 c.c.). The solid product was separated and repeatedly crystallised from alcohol; 
it formed: hard colourless rhombs (8 g.), m. p. 157—158° (Found: C, 78-2; H, 6-9: C,,H,,0, 
requires C, 78-3; H, 6-8%). 

11-Hydroxy-9-phenacyl-1 :2:3:4:10: 11-hexahydroxanthen (I1X).—The above compound 
(4 g.) was dissolved in glacial acetic acid (40 c.c.) by warming on the water-bath, and kept at 
room temperature for 24 hours. It was poured into water and the flocculent white precipitate 
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was filtered off, washed with water, dried, and crystallised from light petroleum (b. p. 60—80°). 
Colourless, short needles separated, and were purified by recrystallisation from aqueous alcohol ; 
m. p. 123°; yield 2-5 g. (Found: C, 78-4; H, 6-9.. C,,H,,O, requires C, 78-3; H, 6-8%). 

1: 2:3: 4-Tetrahydroxanthylium Ferrichloride (VIII1).—The compound (VII) was cyclised 
by means of hydrogen chloride and converted into a ferrichloride exactly as with compound (1). 
The fine yellow needles were filtered off, washed with ether, and recrystallised from cold acetone 
by the addition of ether. The deep red acetone solution deposited the ferrichloride as golden- 
yellow blades; m. p. 127° (Found: C, 40-7; H, 3-4; Cl, 38-8; Fe, 14-6. C,,;H,,OCI,Fe 
requires C, 40-7; H, 3-4; Cl, 37-1; Fe, 14-6%). 

The same compound was obtained from (IX) by the same procedure, and by the action of 
ferric chloride (1-5 g. in 7 c.c. of 20% hydrochloric acid) on the diketone (3 g.) suspended in 
glacial acetic acid (30 c.c.) even in the cold (cf. Part II, Joc. cit.). 

2-(8-Benzoyl-a-o-hydroxyphenylethyl)cyclopentanone.—Diethylamine (15 c.c.) was added to 
a mixture of chalkone (20 g.) and cyclopentanone (10 c.c.) at room temperature. After 10 
minutes, the reaction mixture solidified to a paste and more diethylamine (5 c.c.) was added. 
The mixture, now liquid, was kept for 48 hours, and then poured into water (1000 c.c.). A 
red oil separated, which slowly solidified during several days. The solid was filtered off, and 
crystallised from a small volume of alcohol. Almost colourless, glistening plates crystallised 
out, and were purified by recrystallisation from the same solvent; m. p. 195° (decomp.) ; 
yield 2—3 g. (Found: C, 77-7; H, 6-9. Cy 9H, 0; requires C, 77-9; H, 6-5%). 

Action of Hydrogen Chloride on the above Diketone.—By the usual procedure, the diketone 
(0-7 g.) in glacial acetic acid (6 c.c.) afforded a dull orange-coloured ferrichloride. It was 
recrystallised from acetone—ether, and separated as yellow plates with a green tinge; m. p. 
and mixed m. p. with flavylium ferrichloride 138° (Found: Fe, 13-7. Calc. for C,,H,,OCI,Fe : 
Fe, 13-5%). 


THE UNIVERSITY, BRISTOL. [Received, May 8th, 1935.] 
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Functional Group Reactions of Salicylidenediacetophenone. 
By A. S. Gomm and Douctas W. HILt. 


THE suggestion (Part I; J., 1934, 1255) that the o-hydroxybenzylidenediacetophenones 
(I) might be better formulated as chromanols (II), is supported by the following consider- 
ations. (a) The diketones are insoluble in alkali although the corresponding chalkones are 
readily soluble. ‘ (6) They give.no coloration with ferric chloride. (c) Their dehydration 


OH 
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CH<CHsCOPh ha 2 


CH,*COPh CH,°COPh 


by glacial acetic acid to 4-phenacylflavenes closely resembles the conversion of 2-chromanols 
into A®-chromenes (Léwenbein, Ber., 1924, 57, 1517; Heilbron and Hill, J., 1927, 2005). 
On the other hand, the formation of substituted pyrylium salts (Hill, this vol., p. 85) may 
be adduced as evidence in favour of (I). 

We have attempted to decide between these formule by a study of the reactions of the 
two functional groups—phenolic hydroxyl and ketone. Cornelson and Kostanecki (Ber., 
1896, 29, 240) found that salicylidenediacetophenone could be acetylated by heating with 
acetic anhydride and sodium acetate. This method affords only poor yields, but that of 
Pratt and Robinson (J., 1925, 127, 1184) gives yields exceeding 90%. Methylation of the 
phenolic group with, e.g., methyl sulphate and alkali could not be used, since the alkali 
might easily open the ring in a chromanol of type (II). The use of diazomethane, which 
reacts normally only with acidic hydroxyls (Nierenstein, Ber., 1927, 60, 1820; Meerwein 
and Hinz, Annalen, 1930, 484, 1), is not open to this criticism. The hydroxyl group is not 
easily methylated under the conditions employed, but small yields of a methyl derivative 





o-Hydroxybenzylidenediacetophenones. Part V. 1119 


were isolated which agreed in all respects with the o-methoxybenzylidenediacetophenone 
described by Pfeiffer (Annalen, 1917, 412, 308). 

Examination of the ketonic groups could not be made with reagents requiring acid 
solution for obvious reasons, and recourse was therefore had to a study of the reaction 
with phenylmagnesium bromide by a comparison of the products from the diketone and 
the 4-phenacylflavene derived from it. The latter compound reacted normally to form 
4-(8-hydroxy-BB-diphenylethyl) flavene (III), but the products resulting from the diaceto- 
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phenone were dependent on the conditions: in boiling benzene solution it yielded a 
compound from which 2: 2 : 4-triphenylchroman (V) was obtained, but in cold ethereal 
solution the product was a colourless compound, m. p. 185°, which is probably the inter- 
mediate tin Nia atta 4 alcohol (IV). The isolation of this 
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compound is paralleled by the isolation by Heilbron and Hill (/oc. czt.) of a similar inter- 
mediate compound from the reaction between phenylmagnesium bromide and 4: 7-di- 
methylcoumarin. We submit that the formation of these three compounds appears to be 
explicable only on the basis of formula (I), since if (II) were correct, the diacetophenone 
and the flavene should give the same products. 

The formation of the carbinol (IV) and the triphenylchroman (V) may be accounted 
for by the ready elimination of one of the acetophenone groups (see Part II; cf. also 
Klingemann, Annalen, 1895, 275, 53). This behaviour would cause the diacetophenone 
to resemble the «$-unsaturated ketones, so that the addition of the Grignard reagent 
would follow Kohler’s rule (Amer. Chem. J., 1907, 38, 511), giving, in this instance, 1 : 4- 
addition as the first stage of the reaction to yield «-phenyl-«-(o-hydroxyphenyl)propio- 
phenone, from which the carbinol and the chroman would result normally. 

Attempts to effect reaction between phenylmagnesium bromide and 4-phenacylidene- 
flavene were unsuccessful (cf. Irvine and Robinson, J., 1927, 2086, who could not induce 
6-methoxy-4-phenacylideneflavene to react). 

The evidence presented here appears to favour the diketone formula (I), but its accept- 
ance leaves us still without an explanation of the insolubility of the compounds in alkali 
or their failure to give a colour reaction with ferric chloride. It is more probable that the 
two forms (I) and (II) are tautomeric. 


EXPERIMENTAL. 


Acetylation of Salicylidenediacetophenone.—The diacetophenone (5 g.) was dissolved in acetic 
anhydride (20 c.c.) by warming, and the solution was cooled while anhydrous potassium 
carbonate (5 g.) was added to it in small quantities. After standing over-night, it was poured 
into water. The light brown oil which separated soon solidified, and was purified by crystallis- 
ation from dilute alcohol; m. p. 83° (5-1 g.). 

Methylation with Diazomethane.—The diacetophenone (5 g.) suspended in ether (250 c.c.) 
was treated with diazomethane (from 5 c.c. of nitrosomethylurethane). After standing for 
24 hours, the ether was evaporated, leaving a pale yellow oil (5 g.) which solidified on scratching. 
This was fractionally crystallised from alcohol and yielded 1-7 g. of pure unchanged starting 
material, m. p. 128°, and 0-6 g. of pure o-methoxybenzylidenediacetophenone, m. p. and mixed 
m. p. 113°. 

any-Triphenyl-y-(o-hydroxyphenyl)-n-propyl Alcohol_—Phenylmagnesium bromide (from 
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24 g. of bromobenzene) in ether (200 c.c.) was added slowly (2 hrs.) with stirring and cooling to a 
suspension of salicylidenediacetophenone (5 g.) in ether (200 c.c.). After standing over-night, 
the complex was decomposed by ice-cold 10% ammonium chloride. The residual oil, after 
steam distillation, solidified on cooling, and was extracted with ether which, after drying, was 
evaporated. It deposited a colourless solid, which was purified by several recrystallisations 
from alcohol; m. p. 185° (Found: C, 85-8; H, 6-0. C,,H,,O, requires C, 85-3; H, 6-3%). 

2:2: 4-Triphenylchroman.—A solution of phenylmagnesium bromide (from 30 g. of bromo- 
benzene) in ether (200 c.c.) was added slowly to a boiling solution of salicylidenediacetophenone 
(10 g.) in benzene (250 c.c.). The reaction mixture was boiled for a further hour, then kept 
over-night, and decomposed by 2% hydrochloric acid; after removal of the solvent the residue 
was distilled in steam. A pale yellow solid remained in the flask. It was filtered off, and 
crystallised from alcohol several times, being obtained finally as hard, colourless rhombs, m. p. 
216—217° (Found: C, 89-3; H, 6-0. C,,H,,O requires C, 89-5; H, 6-1%). 

4-(8-Hydroxy-B8-diphenylethyl)flavene—A solution of 4-phenacylflavene (2 g.) in boiling 
benzene (100 c.c.) was treated as described above with phenylmagnesium bromide (from 3 g. 
of bromobenzene) in ether (100 c.c.). The residue after steam distillation was a brown solid, 
which was repeatedly crystallised from alcohol and obtained as fine, colourless needles, m. p. 
194° (Found: C, 85-9; H, 5-9. C,9H,,O, requires C, 86-1; H, 5-9%). 


The authors’ thanks are due to Dr. M. Nierenstein, in whose laboratory the work was carried 
out, and to the Colston Research Society of the University of Bristol for a grant which has 
defrayed the expenses of the work descsbed in this and the preceding paper. 
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262. The Optically Active Diphenylhydroxyethylamines and isoHydro- 
benzoins. Part VI. The Di-o-methoxyphenylhydroxyethylamines and 
Related Substances. 


By Norman A. B. Witson and JoHN REap. 


In continuing researches on compounds of the type Ar-CH(OH)-CH(NH,)-Ar (cf. Read 
and Campbell, J., 1930, 2674) it was hoped to extend the method of condensing aldehydes 
with glycine (Erlenmeyer, Annalen, 1906, 337, 232) to the preparation of ‘a comprehensive 
series of this kind, since the reaction concerned had provided an entry to the iso-series of 
such «$-amino-alcohols derived from benzaldehyde, o-methoxybenzaldehyde, anisaldehyde 
and piperonal. The failure of the condensation with salicylaldehyde (Erlenmeyer, Joc. 
cit.) suggested an inhibitive effect due to the possible formation of a chelate complex by 
the sodium derivatives of o-hydroxyaldehydes (cf. Brady and Bodger, J., 1932, 952). It 
is now found, however, that the condensation fails also with the following aldehydes : 
m-methoxy-, 0- and m-nitro-, ~-dimethylamino-, veratric, benzoylsalicylic, 1- and 2- 
naphthoic, and with cenanthal; moreover, Ingersoll (private communication) reports 
failures with p-tolualdehyde, furfural, and cinnamic aldehyde. It does not appear possible 
to deduce from these observations any general rule concerning the applicability of the 
reaction, unless perhaps a fresh mechanism is postulated (cf. Erlenmeyer, Joc. cit.). 

The amino-alcohol furnished by 0-methoxybenzaldehyde in this condensation is now 
shown to belong, as anticipated, to the 1so-series, since the quaternary ammonium iodides 
obtained from the dl/- and the /-form each furnished the internally compensated cis-form 
of «§-di-o-methoxyphenylethylene oxide, m. p. 127—128°, when distilled with silver oxide 
and water (J., 1930, 2378, 2680). The stereoisomeric di-o-methoxyphenylhydroxyethyl- 
amine, corresponding to the érans-oxide, was obtained in very small yield by reducing 
di-o-methoxybenzoinoxime with sodium and alcohol, the main product being «-aminodi- 
(o-methoxybenzyl). Because of the curious results observed in the deamination of the 
diphenylhydroxyethylamines (J., 1930, 2380) and /-di-p-methoxyphenylhydroxyethylamine 
(ibid., p. 2674), the action of nitrous acid on /-1so-di-o-methoxyphenylhydroxyethylamine 
was studied carefully. The oily, optically inactive product appeared to consist of a 
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mixture of the hydrobenzoin, the ethylene oxide, and di-o-methoxyphenylacetaldehyde. 
The aldehyde was diagnosed by comparison of its semicarbazone with a synthesised 
specimen. There was no evidence of the production of di-o-methoxydeoxybenzoin in the 
deamination. Although the reaction appears to follow an unusual course, there is no 
difficulty in interpreting the formation of the aldehyde in terms of the mechanism depicted 
for the semipinacolinic deamination by McKenzie (see, ¢.g., J. Soc. Chem. Ind., 1931, 50, 
926). Further evidence is here provided of the complex nature of the deamination of 
«f-amino-alcohols of the symmetrical type, Are-CH(OH)-CH(NH,)-Ar. 


EXPERIMENTAL, 


dl-isoDi-o-methoxyphenylhydroxyethylamine.—This base was prepared from aminoacetic acid 
(37 g.) and o-methoxybenzaldehyde (196 g.) according to the general method of Erlenmeyer 
(Annalen, 1906, 337, 232) with certain modifications suggested by the work of Read and 
Campbell (J., 1930, 2676) on isodiphenylhydroxyethylamine. The resulting crude crystalline 
o-methoxybenzylidene-d/-di-o-methoxyphenylhydroxyethylamine (140 g.) was hydrolysed with 
hot 2N-hydrochloric acid. After recrystallisation from methyl alcohol, dl-isodi-o-methoxy- 
phenylhydroxyethylamine melted at 136°. The monoacetyl derivative was prepared by adding 
acetic anhydride (0-4 c.c.) to a hot solution of the base (1 g.) in ethyl acetate, from which it 
crystallised in colourless needles, m. p..180° (Found: C, 68-3; H, 6-7. C,gH,,O,N requires C, 
68-6; H, 6-7%); it did not react with nitrous acid (cf. J., 1929, 2305). The diacetyl deriv- 
ative, formed by boiling the base with excess of acetic anhydride, separated from acetone in 
colourless prisms, m. p. 152°. The benzylidene derivative, prepared in hot alcohol, formed 
colourless needles, m. p. 131° (Found: C, 73-5; H, 6-3. (C,,;H,,0,N requires C, 73-7; H, 
6-4%). 

Optical Resolution of dl-isoDi-o-methoxyphenylhydroxyethylamine.—The dl-base (13 g.) was 
mixed in hot aqueous solution with d-camphor-10-sulphonic acid (11-1 g., 1 equiv.). The 
resulting crystalline salt (13 g.) had [a]) — 19-1° (c 1-3, water). Two recrystallisations from 
acetone gave pure l-isodi-o-methoxyphenylhydroxyethylamine d-camphor-10-sulphonate (9 g.), 
m. p. 109°, [a]p — 43-3° (c 1-0, water). The salt crystallises slowly from water in large, trans- 
parent doubly-terminated prisms (Found: C, 57-5; H, 7-1. C,gH3;,0,NS,2H,O requires C, 
57-5; H, 7:2%). The diastereoisomeric salt, dAdB, could not be obtained pure. The 
d-x-bromocamphor-z-sulphonate of the d/-base was an uncrystallisable syrup; the hydrogen 
d-tartrate, after 12 successive fractional crystallisations from moist acetone, yielded a base 
having only [a]p — 25-3° (c 1-1, alcohol). 

1-isoDi-o-methoxyphenylhydroxyethylamine.—The free base, obtained by adding ammonia 
to a solution of the above d-camphor-10-sulphonate, crystallised from methyl alcohol in trans- 
parent needles, m. p. 111°, [a]p — 52-7° (¢ 0-9, alcohol). The hydrochloride failed to crystal- 
lise. The monoacety] derivative separated from ethyl acetate in leaflets, m. p. 146°, [«]p + 3-8° 
(c 1-7, alcohol). The diacetyl derivative crystallised from aqueous acetone in needles, m. p. 
170°, which showed no perceptible optical rotation in absolute alcohol (c, 1-5) (Found: C, 
66-8; H, 6-6. C,9H,,0,N requires C, 66-8; H, 66%). The salicylidene derivative was 
deposited from light petroleum in brilliant yellow needles, m. p. 106°, [a]) — 24-0° (c 2-7, 
alcohol) (Found: C, 73-1; H, 6-0. C,3;H,,0,N requires C, 73-6; H, 6-0%). 

cis-«8-Di-o-methoxyphenylethylene Oxide.—This substance was prepared by the general 
method of Read and Campbell (J., 1930, 2381). Upon methylation, d/-isodi-o-methoxyphenyl- 
hydroxyethylamine (20 g.) yielded dl-isodi-o-methoxyphenylhydroxyethylirimethylammonium 
iodide (34 g.), forming colourless prisms from ethyl acetate, m. p. 183—184° (Found: I, by 
titration, 28-8. C,,H,,O,NI requires I, 28-7%). When heated under reflux with water and 
its own weight of fresh silver oxide, this substance (15 g.) decomposed into trimethylamine 
and cis-«8-di-o-methoxyphenylethylene oxide; when steam-distilled and recrystallised from 
aqueous alcohol, the oxide formed feathery needles, m. p. 127—128° (Found: C, 75-0; H, 
6-5; M, cryoscopic in benzene, 245, 244, 251. C,,H,,O; requires C, 75-0; H, 6-2%; M, 256). 
l-isoDi-o-methoxyphenylhydroxyethylamine yielded an optically inactive oxide identical in all 
respects with the above oxide obtained from the d/-base. 

Deamination of 1-isoDi-o-methoxyphenylhydroxyethylamine.—A solution of the /-base (5 g.) 
in N-sulphuric acid (18-3 c.c., 1 equiv.) was diluted with water (50 c.c.) and cooled in ice. 
After titration with sodium nitrite (1-26 g. in 50 c.c. of water; 1 mol.), the solution was kept 
in ice for $ hour; N-sulphuric acid (36-5 c.c.) was added, and the liquid heated on the water- 
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bath for 2 hours and boiled under reflux for $ hour. The resulting deep yellow oil (3-5 g.) 
was soluble in ether and insoluble in light petroleum. It reduced Fehling’s solution appre- 
ciably, was optically inactive (c 2-0, alcohol), and did not give Liebermann’s reaction (cf. 
McKenzie and Luis, Ber., 1932, 65, 800). The analytical values fell between those required 
by «®-di-o-methoxyphenylethylene oxide, or the isomeric aldehyde or ketone (see below), and 
di-o-methoxyhydrobenzoin (Found: C, 72-4; H, 62; N, absent. Calc. for C,,H,,O,: C, 
75-0; H, 62%. Calc. for C,,H,,0,: C, 70-0; H, 6-6%). 

The oil (1-5 g.) gave a semicarbazone (0-6 g.) which crystallised from absolute alcohol in 
colourless needles, m. p. 203—-204°, and gave analytical results agreeing with the semicarbazone 
of either di-o-methoxyphenylacetaldehyde or di-o-methoxydeoxybenzoin (Found: C, 64:8; 
H, 6-0. Calc. for C,,H,gO,N,: C, 65-2; H, 6-1%). As shown below, it was the former 
substance. Acetyl determinations were made on the fully acetylated oil (Gildemeister and 
Hoffmann, ‘ The Volatile Oils,” 1913, I, 575) [Found: COMe, 7-4, 7-4. Calc. for 
MeO-C,H,-CH(OAc)-CH(OAc)-C,H,-OMe: COMe, 24-1%]. The evidence points to the oil 
consisting approximately of 30% of the hydrobenzoin (from the acetyl value), 34% of the 
aldehyde (from the yield of semicarbazone), and 36% of unidentified material, presumably the 
ethylene oxide. Any of the last substance present would apparently be in the unimolecular 
form (Found: M, cryoscopic in benzene, 249, 279, 271. Calc. for C,,H,,0O,: M, 274. Calc. 
for C,,H,,0,: M, 256. Calc. for C,,H,,0O,: M, 512). 

Di-o-methoxydeoxybenzoinsemicarbazone.—o-Methoxybenzaldehyde was obtained quantit- 
atively by methylating salicylaldehyde with methyl sulphate (3 mols.) in presence of 12-5% 
aqueous sodium hydroxide (6 equivs.) at 80° with vigorous stirring. The derived benzoin 
(Irvine, J., 1901, 79, 669), when distilled with twice its weight of zinc dust at 250—300°/70 mm. 
in an atmosphere of carbon dioxide (Irvine and Moodie, unpublished), yielded a pale yellow, 
oily distillate, which crystallised partly on keeping. When treated with semicarbazide acetate 
(J., 1922, 121, 1876), this furnished a 50% yield of di-o-methoxydeoxybenzoinsemicarbazone, 
crystallising from alcohol in colourless prisms, m. p. 196° (Found : C, 64-9; H, 6-1. C,,H,,0,N, 
requires C, 65-2; H, 6-1%). A mixture of this substance with the semicarbazone (m. p. 203— 
204°) of the reducing substance obtained in the above deamination melted indefinitely at 
about 186°. 

Di-o-methoxyphenylacetaldehydesemicarbazone.—Di-o-methoxybenzoin, m. p. 101-5°, was 
reduced with sodium amalgam (Irvine and Moodie, J., 1907, 91, 538). The resulting di-o- 
methoxyhydrobenzoin (9 g., m. p. 153°) was boiled with 20% sulphuric acid: the ensuing pale 
yellow, mobile syrup (7-5 g.) when stirred with absolute alcohol (2 c.c.) yielded colourless prisms 
(6-6 g.) of di-o-methoxyhydrobenzoin anhydride, m. p. 175-5° (Found: C, 74-7; H, 6-4. C3,H 3,0, 
requires C, 75-0; H, 6-2%). This substance was unaffected when boiled with concentrated 
aqueous sodium hydroxide. The mother-liquors, upon treatment with alcoholic semicarbazide 
acetate, yielded di-o-methoxyphenylacetaldehydesemicarbazone, which crystallised from absolute 
alcohol in colourless needles, m. p. 204° (Found: C, 65-2; H, 6-1. C,,H,O,N, requires C, 
65-2; H, 6-1%). A mixture of this substance with the semicarbazone of the reducing sub- 
stance formed in the above deamination (m. p. 203—204°) also melted at 204°, and the two 
preparations were identical in all respects. 

Attempts to prepare the Stereoisomeric Di-o-methoxyphenylhydroxyethylamine.—Di-o-methoxy- 
benzoinoxime (10 g.), m. p. 143° (J., 1901, 74, 669), was reduced only with great difficulty by 
sodium (30 g.) and alcohol (350 c.c.). The syrupy product yielded a crude crystalline hydrogen 
tartrate (12-6 g.) having [«]p — 42-9° (c 1-6, water). The solution of this material in alcohol- 
ethyl acetate gave a very small crop of crystals, which after repeated crystallisation from this 
solvent furnished small colourless prisms (0-8 g.), m. p. 160°, of 1-di-o-methoxyphenylhydroxy- 
ethylamine hydrogen d-tartrate, [a]p — 66-0° (c 0-5, water) (Found: C, 56-1; H, 6-2. C.9H,,O,N 
requires C, 56-7; H, 5-9%). The constant optical rotation corresponds to the value [M]p 
— 321° for the basic ion. The amount of the salt /BdA was too small to permit of the 
isolation and characterisation of the free base. 

The original mother-liquor obtained in the above process was evaporated to dryness; the 
residue, after four recrystallisations from alcohol, yielded crystals (5-5 g.) having [a]p + 10-2° 
(c 3-6, water). The derived base, «-aminodi-(o-methoxybenzyl), crystallised from light petroleum 
in small needles, m. p. 60° (Found: C, 74-8; H, 7-5. C,gH,,O,N requires C, 74-7; H, 7-5%). 
The value, [M]p + 41-5°, for the above hydrogen d-tartrate of the base is identical with that 
of the acidic ion in dilute aqueous solution : the base was accordingly optically inactive. The 
acetyl derivative, obtained by using acetic anhydride, crystallised from aqueous alcohol in soft 
needles, m. p. 156° (Found: C, 72-2; H, 6-9. C,,H,,0O,N requires C, 72-2; H, 7:0%). The 
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salicylidene derivative separated from light petroleum in pale yellow prisms, m. p. 83-5° (Found : 
C, 76:5; H, 6-4. C,,H,,0,N requires C, 76-5; H, 6-4%). 

dl-isoDi-o-chlorophenylhydroxyethylamine.—o-Chlorobenzylidene-dl-isodi-o-chlorophenylhydr- 
oxyethylamine, prepared in 46% yield from o-chlorobenzaldehyde and aminoacetic acid, by 
Erlenmeyer’s method, crystallised from aqueous alcohol in faintly yellow prisms, m. p. 62°. 
Upon hydrolysis, this substance gave dl-isodi-o-chlorophenylhydroxyethylamine, which separated 
from aqueous alcohol in colourless needles, m. p. 151-5° (Found: C, 59-9; H, 4-7. C,,H,,;ONCI, 
requires C, 59-6; H, 4:7%). The following were also prepared: the monoacetyl derivative, 
needles, m. p. 160° (Found: C, 59-3; H, 4-7. C,,H,,O,NCl, requires C, 59-3; H, 4-6%); 
diacetyl derivative, needles, m. p. 184° (Found: C, 59-2; H, 4-7. C,gH,,O,NCI, requires C, 
59-0; H, 4:6%); benzylidene derivative, prisms,-m. p. 146-5° (Found: C, 67-9; H, 4-6. 
C.,H,,ONCI, requires C, 68-1; H, 46%); salicylidene derivative, fine, yellow prisms, m. p. 
130-5° (Found : C, 65-1; H, 4-4. C,,H,,O,NCl, requires C, 65-3; H, 4-4%). 

The hydrogen d-tartrate, d-camphor-10-sulphonate, /-menthoxyacetate, and d-methylene- 
camphor derivatives of the d/-base were crystalline substances whose optical rotations altered 
only slightly after repeated fractional crystallisation. The regenerated base was optically 
inactive, with the exception of a specimen from a fraction of the d-camphor-10-sulphonate 
which had been recrystallised six times : this had m. p. 152—152-5°, [a]p + 3-5° (c 2-0, alcohol). 
The d-a-bromocamphor-z-sulphonate, d-camphor-10-sulphonylsalicylidene derivative (J., 1934, 
233), and the acetylated d-methylenecamphor derivative were uncrystallisable syrups. Thus, 
no practicable optical resolution of the base was achieved: a similar conclusion has been 
reached by Ingersoll (private communication). 

The Direct Preparation of Hydrobenzoins from Aldehydes —Kaufmann and also Elbs and 
Brand (Z. Elekirochem., 1898, 4, 461; 1902, 8, 784) obtained hydrobenzoins and certain other 
alcohols by the electrolytic reduction of aldehydes and ketones; but in the work now sum- 
marised use was made of a simplified technique due to Law (J., 1906, 89, 1512; 1907, 91, 748). 
Benzaldehyde and anisaldehyde gave quantitative yields of mixtures of hydro- and isohydro- 
benzoin and -anisoin respectively, the iso-compound being the second to separate in each instance. 
It was not possible to obtain the hydroanisoins in a crystalline form suitable for detailed 
goniometric examination. In other cases no product crystallised, and the reaction mixture 
was diluted with water and extracted with ether. m-Methoxybenzaldehyde furnished m-meth- 
oxybenzyl alcohol, b. p. 115°/1-2 mm., 255°/760 mm.; m-methoxybenzyl 3 : 5-dinitrobenzoate 
crystallised from alcohol—ethyl acetate in pale yellow prisms, m. p. 124° (Found: C, 54-8; H, 
3-6. C,;H,,0,N, requires C, 54:8; H, 3-7%). o-Nitro-, m-nitro- and -dimethylamino- 
benzaldehyde gave rise to resins; 1-naphthaldehyde was partly converted into the correspond- 
ing acid; o-methoxybenzaldehyde furnished the corresponding acid and alcohol. In none of 
these instances could any of the hydrobenzoin be isolated. Catalytic reduction of the corre- 
sponding benzils and benzoins was not investigated (J. Amer. Chem. Soc., 1929, 51, 2163; 
1930, 52, 4495; 1931, 58, 3115, 3510). 
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263. The Hydrolytic Fission of Aromatic Ketones by Acids. 
By PETER HILt and W. F. Snort. 


It has long been known that acyl groups can frequently be removed from an aromatic 
nucleus by energetic treatment with phosphoric acid (Louise, Ann. Chim., 1885, 6, 206; 
Klages, Ber., 1897, 30, 1298; 1899, 32, 1549; 1904, 37, 1717; v. Auwers, Annalen, 1926, 
447,176; Ber., 1928, 61, 1502), hydriodic acid (Meyer, Ber., 1895, 28, 1269, 3215; Klages, 
Ber., 1899, 32, 1556; 1904, 37, 1715), hydrochloric acid (Meyer, loc. cit.; Weiler, Ber., 
1899, 32, 1908), or sulphuric acid (Claus, Ber., 1886, 19, 2880; Elbs, J. pr. Chem., 1887, 35, 
465; Hoogewerff and van Dorp, Rec. trav. chim., 1902, 21, 359; Morgan and Coulson, J., 
1929, 2209), cleavage being facilitated by o-substituents. Removal of the side chain under 
milder conditions, such as those used in Stoermer’s method for the demethylation of 
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phenolic ethers (Ber., 1908, 41, 323), has seldom been encountered (Koenigs, J. pr. Chem., 
1900, 61, 26; v. Auwers and Mauss, Amnalen, 1928, 460, 250). It has now been found that 
a number of aromatic ketones are decomposed by boiling with equal volumes of hydro- 
bromic acid (d 1-5) and acetic acid. Comparative experiments showed that there is a 
continuous decrease in ease of fission in the series of deoxybenzoins *: (i) 4-methoxy- 
2:4'-dimethyl and 4-methoxy-2:2'-dimethyl, (ii) 4-methoxy-2-methyl, (iii) 4-methoxy-2- 
methylacetophenone (not a deoxybenzoin), (iv) 4’-1tro-4-methoxy-2-methyl, (v) 4-methoxy-, 
(vi) unsubstituted and 2’-methyl, the last two ketones being completely stable and (iv) and 
(v) undergoing slight decomposition. From these data it appears that fission (1) occurs 
only when the phenyl nucleus possesses a hydroxyl (methoxyl) group, (2) is facilitated by 
an o-methyl group in the same nucleus, (3) is retarded by a nitro-group in the benzyl 
nucleus. An o- or f-methyl group in the benzyl nucleus accelerates decomposition, and 
benzyl ketones are decomposed more readily than the corresponding methyl ketones. 

Whatever the detailed mechanism of the reaction (the production of enolic and semi- 
quinonoid forms is not excluded), it is evident that at some stage C, must accept a proton, 
and the influence of hydroxyl (methoxyl) is doubtless due to the electromeric change 

yA shown in (I). The effect of nitro- and methyl groups in 
ROX < J CO—CH,R’ (1) the benzyl nucleus [I; R’ = CgH,NO,() and C,H,Me(f)] 

. is clearly due to decrease and increase respectively of the 
electron density at C, resulting from the general or inductive effects of these substituents 
(possibly relayed from the f-position; cf. Robinson, J., 1933, 1115). Retardation of 
fission by replacement of benzyl by methyl (I; R’ = H) indicates that the benzyl group 
here exerts the same activating influence as in the nitration of guaiacol benzyl ether (Allan, 
Oxford, Robinson, and Smith, J., 1926, 407). The effect of hydroxyl may be correlated 
with its influence in the decarboxylation of benzoic acids (Cazeneuve, Bull. Soc. chim., 
1896, 15, 73; Hoogewerff and van Dorp, doc. cit. ; Hemmelmayr, Monatsh., 1913, 34, 365). 
o-Methyl and -methoxyl in the phenyl nucleus also facilitate the reversal of the Fries 
transformation (Rosenmund and Schnurr, Annalen, 1928, 460, 56), and there are indications 
that in the case of methyl a polar factor is involved in addition to a steric effect. 

It has been stated that introduction of a chloromethyl group into toluene by means of 
s.-dichlorodimethyl ether (J., 1920, 117, 520) or of paraform and hydrogen chloride (Bull. 
Soc. chim., 1923, 33, 313) affords p-xylyl chloride as sole product. It has now been shown 
by thermal analysis of the derived xylyl alcohols that a considerable amount of o-xylyl 
chloride (53 and 42% respectively in the two methods) is produced in addition to the 
p-isomeride (cf. I. G. Farbenind., D.R.-P. 500,912). 

4-Methoxy-2-methyldeoxybenzoin affords 4-methoxy-2-methyldibenzyl on reduction 
by Clemmensen’s method, but the product could not be converted into 4-hydroxy-1-methyl- 
phenanthrene by boiling with aluminium chloride in carbon disulphide solution (cf. Ruzicka 
and Hoésli, Helv. Chim. Acta, 1934, 17, 470). 


EXPERIMENTAL. 


Hydrolysis of Ketones.—The ketone (1 g.) was boiled gently (oil-bath) for 2 hrs. with hydro- 
bromic acid (6 c.c.; d 1-5) and acetic acid (6 c.c.), the mixture concentrated in a vacuum, and 
the acid isolated by means of sodium carbonate. The phenols and hydroxy-ketones were 
isolated by means of sodium hydroxide and separated by distillation in steam. In cases where 
the ketones were not completely soluble in 12 c.c. of the mixed acids and it was desired to 
compare rates of decomposition, the experiments were repeated in homogeneous solution under 
identical conditions. The extent of fission was determined by weighing the acid produced and 
applying a solubility correction. When this method was not feasible (4’-nitro-4-methoxy- 
2-methyldeoxybenzoin and 4-methoxy-2-methylacetophenone) the phenolic fragment was 
isolated by exhaustive extraction with ether and estimated. 

Preparation of Ketones.—2’-Methyldeoxybenzoin. o-Toluamide (20 g.) was added to an 
ethereal solution of benzylmagnesium chloride (from magnesium, 14-2 g.; benzyl chloride, 
75 g.; in ether, 200 c.c.) at 0°, and the mixture boiled for 48 hrs. Decomposition with dilute 
acid furnished recovered amide (1-7 g.), some dibenzyl, and the ke/one (9 g.; 32%), b. p. 172— 


* Substituents in the benzyl nucleus are indicated by 1’, 2’, etc. 
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173°/10 mm. It separates from methyl alcohol in colourless plates, m. p. ca. 18° (Found: C, 
86-0; H, 6-95. C,;H,,O requires C, 85-7; H, 6-7%). The 2: 4-diniivophenylhydrazone crystal- 
lises from ethyl acetate—-alcohol in yellow plates, m. p. 146—147° (Found: N, 14-365. 
C,,3H,,0,N, requires N, 14-35%). The ketone (b. p. 318—320°) was prepared from o-toluic 
acid and phenylacetic acid by Mailhe (Bull. Soc. chim., 1914, 15, 325), but not characterised. 

4-Hydroxydeoxybenzoin, obtained in 20% yield by Weisl’s method (Monaish., 1905, 26, 
986), separates from alcohol in colourless prisms, m. p. 146—147° (Weisl, m. p. 142°, corr.), and 
does not suffer fission on boiling with hydrobromic-—acetic acid. 

4-Methoxydeoxybenzoin. The following method of preparation is superior to that of Ney 
(Ber., 1888, 21, 2450). Stannic chloride (1 mol.) was slowly added to anisole (1-1 mols.), phenyl- 
acetyl chloride (1 mol.), and benzene (10 mols.), and the temperature raised from 55° to 75° 
during lhr, The product after acidification afforded an 80% yield of crude ketone, b. p. 210— 
220°/10 mm. Recrystallisation from alcohol furnished the pure ketone, m. p. 77°. In this 
condensation and those subsequently described, a portion of the crude ketone does not solidify 
and probably contains some o-isomeride. The ketone was smoothly aenatecene to the 
phenol, m. p. 146—147°, by boiling with hydrobromic-acetic acid. 

4-Methoxy-2-methyldeoxybenzoin was obtained in poor yield from m-tolyl methyl ‘other, phenyl- 
acetyl chloride, and aluminium chloride in nitrobenzene solution, and was best prepared by 
boiling a mixture of phenylacetyl chloride (1 mol.), m-tolyl methyl ether (1-1 mols.), stannic 
chloride (1 mol.), and benzene (10 mols.) for 44 hrs, The crude ketone, b. p. 213—214°/10 mm. 
(yield 60—70%), was purified by recrystallisation from methyl alcohol or light petroleum (b. p. 
40—60°), from which it separated in long needles, m. p. 76-5° (Found: C, 80-0; H, 6-6. 
C,gH,,.O0, requires C, 80-0; H, 6-7%). The semicarbazone melts at 165—165-5° (Found : C, 68-5; 
H, 6-2; N, 13-8. C,,H,,O,N, requires C, 68-7; H, 6-4; N, 14:1%). The ketone was com- 
pletely converted into m-cresol (benzoate, m. p. 54°) and phenylacetic acid (m. p. and mixed 
m.p. 77°. Found: C, 70-8; H, 6-1. Calc.: C, 70-6; H, 5-9%) by boiling with hydrobromic— 
acetic acid under the standard conditions. When the ketone (1 g.) was boiled for 1} hrs. with 
70% potash (10 g.), 5-methoxy-o-toluic acid, m. p. and mixed m. p. 175—175-5°, was produced. 

4-Hydvoxy-2-methyldibenzyl. The above ketone (13 g.) was reduced by boiling for 6 hrs. 
with amalgamated zinc (30 g.) and dilute hydrochloric acid (1:1; 100 c.c.), 10 c.c. of con- 
centrated hydrochloric acid being added every hour. 4-Methoxy-2-methyldibenzyl was 
obtained as a colourless oil, b. p. 180—190°/10 mm., which was recovered unchanged after 
boiling with aluminium chloride in carbon disulphide solution or with hydrobromic-acetic acid. 
Demethylation occurred when the ether (2-6 g.) was boiled for 2} hrs. with acetic acid (27 c.c.) 
and hydriodic acid (60 c.c.; d 1-94) and the 4-hydroxy-2-methyldibenzyl so obtained was 
converted into the benzoate, which separated from 80% alcohol in radiating needles, m. p. 
72—74° (Found: C, 83-3; H, 6-3. C,.H, .O, requires C, 83-5; H, 6-3%). 

o-Tolylacetic acid, o-Xylyl alcohol was obtained in 39% yield by boiling paraform (30 g.) 
with benzylmagnesium chloride (from magnesium, 24 g.; benzyl chloride, 126 g.; in ether, 
500 c.c.) for 54 hrs. The alcohol, b. p. 117—119°/20 mm., after repeated crystallisation from 
light petroleum (b. p. 40—60°), melted at 35-5—36? (cf. Grignard, Bull. Soc. chim., 1903, 29, 
953; Tiffeneau and Delange, Compt. rend., 1903, 187, 573). o-Xylyl chloride, obtained in 88% 
yield from the alcohol (13 g.), pyridine (13 c.c.), and thionyl chloride (9-5 c.c.), distils at 92— 
94°/20 mm. The cyanide, b. p. 115—120°/10 mm., was obtained in 74% yield by adding the 
chloride (13 g.) in alcohol (14 c.c.) to sodium cyanide (7 g.) in water (7 c.c.) during } hr. and 
boiling for 5 hrs. Hydrolysis of the cyanide (18 g.) by warming with equal volumes (18 c.c.) of 
sulphuric acid, acetic acid, and water, and finally boiling for 1 hr., afforded o-tolylacetic acid, 
m. p. 89-5—90° (yield 73%), which was converted into the chloride, b. p. 106—107°/10 mm., 
by heating to 90—100° for 2 hrs. with excess of thionyl chloride (yield 85%). 

4-Methoxy-2 : 2’-dimethyldeoxybenzoin. Condensation of o-tolylacetyl chloride (45 g.) in 
benzene (200 c.c.) with m-tolyl methyl ether (33 g.) in presence of stannic chloride (30 c.c.) 
afforded a mixture (60% yield) of ketones, b. p. 220—225°/10 mm., which solidified on cooling. 
Recrystallisation from methyl alcohol gave colourless octahedral prisms, m. p. 97—-98° (Found : 
C, 80:2; H, 7-1. C,,H,,O, requires C, 80-3; H, 7:1%). The 2: 4-dinitrophenylhydrazone 
separated from ethyl acetate—-methyl alcohol in orange plates, m. p. 188—189° (Found: N, 
13-2. C,,H,,0;N, requires N, 12-9%). Boiling with hydrobromic-acetic acid under the 
standard conditions caused complete fission of the ketone with formation of o-tolylacetic acid, 
m. p. and mixed m. p. 89-5—90°. 5-Methoxy-o-toluic acid, m. p. 174—176°, was produced 
when the ketone was boiled with 70% potash. 
4-Methoxy-2 : 4’-dimethyldeoxybenzoin was prepared from p-xylyl alcohol in exactly the same 
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way as the o-isomeride (above), the yields being approximately the same in each series. The 
ketone separated from methyl alcohol or light petroleum (b. p. 40—60°) in small prisms, m. p. 
65—66° (Found: C, 80-4; H, 7-2. C,,H,,0, requires C, 80-2; H, 7-1%). The 2: 4-dinitro- 
phenylhydrazone forms brilliant scarlet plates (from ethyl acetate—methyl alcohol), m. p. 154-5— 
155-5° (Found: N, 13-0. C,,H,,O,N, requires N, 12-9%). The ketone afforded 5-methoxy- 
o-toluic acid on digestion with 70% potash, and p-tolylacetic acid (m. p. and mixed m. p. 91— 
92°) on boiling with hydrobromic—acetic acid. A comparison between this ketone and 4-meth- 
oxy-2-methyldeoxybenzoin showed that in homogeneous solution under identical conditions 
fission occurs to the extent of 99% and 67% respectively. 

4’-Nitro-4-methoxy-2-methyldeoxybenzoin. 4-Nitrophenylacetic acid (‘‘ Organic Syntheses,”’ 
Coll. Vol. I, p. 398) was converted into the chloride (m. p. 47°; yield 95%) by heating at 50—60° 
for 6 hrs. with thionyl chloride (2 mols.). The acid chloride (20-8 g.) was added in portions to 
an ice-cold solution of aluminium chloride (26-7 g.) in nitrobenzene (100 c.c.) and m-tolyl methyl 
ether (12-2 g.), the mixture then being allowed to warm to room temperature and finally main- 
tained at 70—75° for 34 hrs. The product, after decomposition with ice and hydrochloric acid 
and steam-distillation, was dissolved in hot methyl alcohol (charcoal) and allowed to crystallise. 
4’-Nitro-4-methoxy-2-methyldeoxybenzoin separated, leaving the phenol (below) and resinous 
impurities in solution. The crude methyl ether (yield 63%) was recrystallised from boiling 
ligroin, and separated in long white plates, m. p. 92—93° (Found: C, 67-2; H, 5-2; N, 5-0. 
C,¢H,,;0O,N requires C, 67-4; H, 5:3; N, 4:9%). It dissolves in dilute sodium hydroxide to a 
magenta solution, and affords an oxime, long needles, m. p. 164-5—165° (Found: N, 9-4. 
CigH,,O,N, requires N, 9-3%), from light petroleum-chloroform. Digestion of the ketone 
(1 g.) with 20% nitric acid (20 c.c.) for 4 hrs. furnished a mixture of acids, separated by chloro- 
form into p-nitrobenzoic acid, m. p. 238°, and 5-methoxy-o-toluic acid, m.p. and mixed m. p. 
174-5—175-5°. Only traces of m-cresol are produced when the ketone is boiled with hydro- 
bromic and acetic acids under the standard conditions, the main product being the corresponding 
phenol. 

4’-Nitro-4-hydvoxy-2-methyldeoxybenzoin. The methyl-alcoholic mother-liquor (above) was 
evaporated to dryness, and extraction of the residue with boiling ligroin afforded long, white, 
silky needles (2 g.) of 4’-nitvo-4-hydroxy-2-methyldeoxybenzoin, m. p. 128° (Found: C, 66-4; H, 
4-7. C,5H,,;0,N requires C, 66-4; H, 4-8%). 

4-Methoxy-2-methylacetophenone (Barbier, Helv. Chim. Acta, 1928, 11, 155) was decom- 
posed by hydrobromic-—acetic acid to the extent of 79% under conditions which led to complete 
fission of 4-methoxy-2-methyldeoxybenzoin. 

o- and p-Xylyl Chlorides.—Condensation of toluene with paraform in presence of zinc 
chloride (Blanc, Bull. Soc. chim., 1923, 38, 313) or with s.-dichlorodimethyl ether and zinc 
chloride (Stephen, Short, and Gladding, J., 1920, 117, 520) afforded a mixture of xylyl chlorides, 
b. p. 92—94°/20 mm., which was converted through the acetates (b. p. 118—119°/20 mm. : 
yield 70%) into a mixture of xylyl alcohols (b. p. 117—118°/20 mm.; yield 87%). This mixture 
on freezing deposited p-xylyl alcohol, which after recrystallisation from chloroform-light 
petroleum (b. p. 40—60°) melted at 60—60-5°. 

Freezing Points of Mixtures of o- and p-Xylyl Alcohols.—Although these substances have a 
rapid rate of crystallisation, their mixtures crystallise slowly, especially near the eutectic. The 
alcohols employed melted at 35-5—36° and 60—60-5° respectively in capillary tubes; their 
f. p.’s are somewhat lower. The following mean values for the f. p.’s were selected, the first 
number of each pair indicating the percentage of o-isomeride in the mixture: 100-0, 35-4°; 92:1, 
30-6°; 86-2, 26-7°; 76-1, 19-0°; 66-4, 13-4°; 43-6, 29-4°; 33-3, 36-3°; 25-2, 41-8°; 18-0, 47-6°; 
12-4, 52-4°; 4-1, 56-1°; 0-0, 59-6°. The mixture prepared from Blanc’s chloride had f. p. 30-5°, 
and therefore contained 41-7% of the o-alcohol. As a confirmation, a mixture of this alcohol 
(0-7373 g.) with p-xylyl alcohol (0-7096 g.) was found to freeze at 44-5°. Similarly, the mixed 
alcohols prepared from Stephen, Short, and Gladding’s chloride froze at 22-4° and therefore 
contained 53-2% of the o-isomeride. 

The isomeric pairs of chlorides, alcohols, acetates, and cyanides boil at the same temperature 
and cannot be separated by fractionation, whilst o- and p-tolylacetic acids form a continuous 
series of solid solutions. 


THE COLLEGE OF TECHNOLOGY, MANCHESTER. [Received, May 28th, 1935.) 
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264. Terpene Compounds. Part II. Experiments on the 
Synthesis of Homoapofenchocamphoric Acid. 


By J. C. BARDHAN, S. K. BANERJI, and M. K. Bose. 


THE Wagner rearrangement of fenchyl and ¢sofenchyl alcohols leads to the formation of 
8-fenchene to which structure (I) has been assigned (Bertram and Helle, J. pr. Chem., 1900, 
61, 353; Wallach and Neumann, Amnalen, 1901, 315, 281; Komppa and Roschier, Ann. 
Acad. Sci. Fennicae, 1915, A, vii, 14, 1; Quist, "Annalen, 1919, 417, 278; also Semmler, 
“ Die Atherischen Ole,” III, 548), since on oxidation it furnishes 6- -fenchocamphorone (II) 
(Wallach, Annalen, 1898, 302, 384) and apofenchocamphoric acid (cf. Short, J., 1927, 961). 


CH,—CH—C:CH, i 
it ee 
CMe,,CH—CH, Me,-CH—CH, 


Furthermore, Komppa and Roschier (Ann. Acad. Sct. Fennicae, 1917, A, x, 15, 1) have 
effected a partial synthesis of 8-fenchene from 8-fenchocamphorone, a substance, which has 
not, however, been prepared synthetically. We attempted this synthesis, and although we 
were unsuccessful, the results obtained are now recorded. 

Ethyl «a«-dimethylglutarate, prepared from isolaurolonic acid by known methods, was 
condensed with ethyl oxalate in the presence of potassium ethoxide, and the resulting 
product on distillation under reduced pressure yielded ethyl y-methylbutane-axy-tricarboxylate 
(III). This readily furnished a sodio-derivative with alcoholic sodium ethoxide, and the 
product on digestion with ethyl bromoacetate gave a good yield of ethyl B-methylpentane- 
833e-tetracarboxylate (IV). The latter on hydrolysis and elimination of carbon dioxide 
formed 6-methylpentane-Bde-tricarboxylic acid (as V) (m. p. 185—187°), from which the 
corresponding ethyl ester (V) was readily obtained by the alcohol-vapour method. 


(III.) CO,Et-CMe,CH,*CH(CO,Et), CO,Et-CMe,°CH,*C(CO,Et).*CH,*CO,Et (IV.) 
CO,Et-CMe,*CH,*CH(CO,Et)*CH,°CO,Et (V.) 


The cyclisation of (V) by means of sodium proceeded normally, with the formation of 
ethyl 2: 2-dimethylcyclopentan-1-one-4 : 5-dicarboxylate (VI; R= CO,Et). This was 
hydrolysed by 8% sulphuric acid to 2 : 2-dimethylcyclopentan-1-one-4-carboxylic acid. The 
corresponding ethyl ester (VI; R = H), on treatment with ethyl bromoacetate and zinc, 
gave a product (hydroxy-ester) which could not be obtained pure and was converted into a 


CH,-CH-CO,Et ee CO,Et CH,-CH-CO,H 


a me: Lf 
Me,*CO Me,C: hs CO,Et Me,CH-CH,°CO,H 
(VI.) (VIL) - (VIII.) 


mixture of unsaturated esters (VII, and an isomeride) by means of phosphoryl chloride in 
dry benzene. 

This mixture was reduced with hydrogen and platinum oxide to give the fully saturated 
ester (as VIII), which on hydrolysis with alcoholic potash gave homoapofenchocamphoric 
acid (VIII) in a crystalline state (m. p. 246°), but sufficient has not yet been obtained to 
study its conversion into 6-fenchocamphorone (II). 


EXPERIMENTAL 


Ethyl aa-Dimethylglutarate—The preparation of isolaurolonic acid (Lees and Perkin, J., 1901, 
79, 341; cf. also Blanc, Compt. rend., 1896, 123, 749; 124,468; Bull. Soc. chim., 1896, 15, 1191) 
presented some difficulty until it was discovered that, contrary to the observation of previous 
workers, the success of the operation depended largely on the temperature during the initial stage 
of the reaction. Camphoric anhydride (100 g.), dissolved in chloroform (400 c.c.), was gradually 
mixed with anhydrous aluminium chloride (100 g.), the temperature being kept between 22° and 
25° during the process. The product was worked up and the isolaurolonic acid purified according 
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to Lees and Perkin (loc. cit.); yield 64-5 g., m. p. 134°. This acid (200 g.) was oxidised with 
nitric acid (Perkin, J., 1902, 81, 251), and the residue (132 g.) of crude a«-dimethylglutaric acid, 
which completely solidified in an evacuated desiccator, was directly esterified by absolute alcohol 
and concentrated sulphuric acid. The ester (86—98 g.) had b. p. 110—115°/9 mm. (Blaise, Bull. 
Soc. chim., 1896, 21, 626, gives b. p. 235—236° /atm.), di* 0-9849, n3!* 1-4249, [R;]p 56-06 (Calc., 
56-3) (Found: C, 59-9; H, 9-2. Calc.: C, 61-1; H, 9-2%). 

Ethyl y-Methylbutane-awy-tricarboxylate (III).—To granulated potassium (5-6 g.) covered with 
anhydrous ether (100 c.c.), absolute alcohol (6-5 g.) diluted with anhydrous ether (10 c.c.) was 
added during } hour, the ether not being allowed to boil too vigorously. On standing, the liquid 
became filled with a flocculent precipitate of potassium ethoxide. Ethyl oxalate (21 g.) was now 
added, the clear yellow solution cooled in ice, and treated drop-wise with ethyl ««-dimethyl- 
glutarate (81 g.) dissolved in a little ether. The mixture, which became dark brown, was kept at 
room temperature for 24 hrs.; it was then mixed with ice and dilute hydrochloric acid, and the 
dark red oil which separated was extracted with ether, dried, and freed from solvent. The 
residue, which gave a violet coloration with alcoholic ferric chloride, was repeatedly fractionated 
under reduced pressure, 26 g. of a colourless oil being obtained; b. p. 145—148°/10 mm., d? 
1-0334, n#” 1-4328, [Rz]p 72-3 (Calc., 71-8) (Found: C, 58-4; H, 8-4. C,,HO, requires C, 
58-3; H, 83%). 

Ethyl 8-Methylpentane-B88e-tetracarboxylaie (IV).—Sodium (2-03 g.) dissolved in absolute 

alcohol (45 c.c.), was mixed with the above ester (26 g.) and ethyl bromoacetate (10-1 c.c.), and 
the whole heated on a water-bath for 2hrs. The product was cooled, diluted with a large volume 
of water, extracted with ether, the extract washed, dried, and evaporated. The required ester 
formed a colourless, somewhat viscous liquid (25 g.), b. p. 175—176°/9 mm., d}?* 1-0750, ni?* 
1-4433, [R,]p 92-24 (Calc., 91-94) (Found: C, 58-2; H, 8-1. C,,H 90, requires C, 57-8; H, 
8-0%). 
B-Methylpentane-Bdse-tricarboxylic Acid (as V).—The foregoing tetracarboxylic ester (50 g.) was 
boiled under reflux with water (150 c.c.) and concentrated hydrochloric acid (150 c.c.) until a clear 
solution resulted (24 hrs.). On evaporation of the solution under reduced pressure, the crude 
acid (22-5 g.) separated as crystals. Recrystallised from dilute hydrochloric acid, it had m. p. 
185—187° [Found : C, 49-2; H, 6-4; equiv., by titration, 72-6. C,H,,O, (tribasic) requires C, 
49-5; H, 6-4%; equiv., 72-6]. The ethyl ester (V) was obtained in an almost quantitative yield 
when the acid (40 g.) mixed with absolute alcohol (150 c.c.) and concentrated sulphuric acid 
(10 c.c.) was heated for 6 hours at 110° in acurrent of alcohol vapour. Purified in the usual way, 
it had b. p. 159°/8 mm., d?° 1-0351, n}” 1-4376, [Rz]p 76-45 (Calc., 76-43) (Found: C, 59-8; 
H,8-5. C, sH,,O, requires C, 59-6; H, 8-6%). 

Ethyl 2: 2-Dimethyicyclopentan-1-one-4 : 5-dicarboxylate (VI; R = CO,Et).—‘‘ Molecular ”’ 
sodium (3-1 g.) was mixed with dry benzene (40 c.c.), the foregoing ethyl ester (20-13 g.) added, 
and the whole heated on a water-bath for 3 hrs. The resulting brown sodio-compound was 
decomposed with ice and excess of dilute hydrochloric acid. The benzene layer was separated, 
well washed with sodium carbonate solution and water, dried, evaporated, and the residual oil 
fractionated under diminished pressure, almost the whole (12 g.) distilling at 147—149°/9 mm., 
d™ 1-0661, n?** 1-4510, [Rz]p 64-6 (Calc., 63-4) (Found: C, 60-7; H, 7-9. C,,;H,.O,; requires 
C, 60-9; H, 78%). Ethyl 2: 2-dimethylcyclopentan-1-one-4 : 5-dicarboxylate possesses an 
agreeable odour and gives in alcoholic solution a violet coloration with ferric chloride. 

2 : 2-Dimethylcyclopentan-1-one-4-carboxylic Acid {as VI; R = H).—The preceding keto- 
ester (31 g.) was digested on the sand-bath with 10 times its volume of 8% sulphuric acid until 
solution was complete (3 hrs.). The clear liquid was neutralised with sodium carbonate, 
evaporated on the water-bath until free from alcohol, and acidified. The acid, which separated 
as an oil, quickly solidified (14 g.), and recrystallisation (charcoal) from benzene—petroleum (b. p. 
60—80°) afforded clusters of colourless prisms, m. p. 93° (Found; C, 61-0; H, 7-6. C,H,,0,; 
requires C, 61-5; H, 7-7%). The acid is sparingly soluble in water and almost insoluble in 
petroleum. The ethyl ester (V1; R = H), prepared in the usual way, formed a colourless liquid, 
b. p. 113°/9 mm., d?* 1-0176; nf 1-4454, [Rz]p 48-2 (Calc., 47-9) (Found: C, 65-3; H, 8-8. 
C,9H,,O3 requires C, 65-2; H, 8-7%). 

Ethyl Dehydrohomoapofenchocamphorate (VII or isomeride).—The above keto-ester (14 g.), 
ethyl bromoacetate (13 g.), and 6 g. of zinc were heated in 100 c.c. of dry benzene, with the 
addition of a crystal of iodine, until the exothermic reaction began. Reaction was finally com- 
pleted by heating on a steam-bath for 1 hr., the product decomposed with ice-cold dilute sul- 
phuric acid, and the neutral portion isolated in the usual way. Fractional distillation of this 
gave unchanged keto-ester (4 g.), b.p. 90—115°/5 mm., and the expected condensation product 
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(8 g.), b. p. 116—155°/5 mm., which, however, was not analytically pure, probably containing 
hydroxy-ester. The mixture was therefore converted into the unsaturated ester as follows. 
Asolution of the crude ester (20 g.) in dry benzene (45 c.c.) was refluxed for 5 hrs. with phosphorus 
oxychloride (7 g.), cooled, poured into water, and the benzene layer separated, washed with 
sodium carbonate solution, dried (sodium sulphate), and the solvent removed. The unsaturated 
ester was isolated as a transparent, mobile liquid, b. p. 126—127°/4 mm., d??* 1-0246, n?* 
1-45292, [Rz)p 67-1 (Calc., 67-4) (Found : C, 66-1; H, 8-8. C,,H,,O, requires C, 66-1; H, 8-6%). 

Homoapofenchocamphoric Acid (VIII).—10 G. of unsaturated ester (above) were dissolved in 
60 c.c. of ether and shaken with 5 g. of platinum oxide in an atmosphere of hydrogen, the cal- 
culated quantity of hydrogen being absorbed in 2 hrs. The catalyst was filtered off, ether 
evaporated, and the residual colourless oil, consisting of the saturated ester, directly hydrolysed 
with alcoholic potash (KOH, 15 g.; methyl alcohol, 100 c.c.; water, 10c.c.). After removal of 
excess of alcohol by repeated addition of water and evaporation, the residue was diluted with 
water, filtered, and the clear cold solution acidified with an excess of hydrochloric acid, saturated 
with ammonium sulphate, and extracted several times with ether. The syrupy acid, isolated in 
the usual way, partly solidified in an evacuated desiccator. The crystals were freed from the 
adhering gum by spreading on a porous plate, and were obtained in minute colourless prisms, 
m. p. 246°, after several crystallisations (charcoal) from dilute acetone (Found: 60-3; H, 7-9. 
Ci9H,,O, requires C, 60-0, H, 8-0%). Like homocamphoric acid (cf. Lapworth, J., 1900, 77, 
1062), it readily crystallised from nitrobenzene, in which it is freely soluble on warming. Its 
solution in sodium carbonate does not decolorise potassium permanganate even on prolonged 
standing. The porous plate on extraction with ether afforded a gummy acid, the investigation 
of which is not yet complete. 


UNIVERSITY COLLEGE OF SCIENCE AND 
TECHNOLOGY, CALCUTTA. [Received, May 28th, 1935.] 





265. The Resinols of the Latex of Holarrhaena Antidysenterica. 
By J. C. CHowpuury and D. H. PEAcocK. 


THE bark and seeds of Holarrhaena antidysenterica (Burmese name lett6k) contain a number 
of alkaloids, the most abundant being conessine (Ulrici, Arch. Pharm., 1918, 256, 57). At 
the suggestion of, and by the kindness of, the Forestry Department of the Government 
of Burma, we have examined the bark and latex of local origin. For the bark, we have 
confirmed (this vol., p. 734) the results of other workers, and in addition have isolated an 
alkaloid not mentioned by them. The latex was found to contain no alkaloids at all. 
Two crystalline compounds of the resinol type were obtained, but the bulk of the latex 
remained as a clear, colourless, viscous mass. 

The alcohol-soluble portion of the latex, when treated with warm acetone, left a 
residue which we call provisionally Jettoresinol-A. After several crystallisations, this 
substance, C3gH,90;, was obtained with m. p. 227—228°. It is neutral, dextrorotatory, 
and very inert. It was not changed by the action of boiling, alcoholic caustic potash or 
by acetic anhydride. It did not form a semicarbazone and appeared to contain no 
methoxyl groups. 

The second substance, J/ettoresinol-B, C3.H;,02, separated from the warm acetone 
solution, and after repeated crystallisation was obtained as colourless leaflets, m. p. 136— 
137°. It was neutral, dextrorotatory, and unaffected by boiling alcoholic potash. With 
acetic anhydride it gave a dextrorotatory diacetyl compound, C3,H;,(O*CO-CH,),, m. p. 
170°. Oxidation with chromic acid (1—2 mols.) gave a mixture of unchanged substance 
and oxidation product, which crystallised with a constant melting point but, on acetyl- 
ation and fractional crystallisation from acetone, gave the diacetyl derivative of the 
original substance and the monoacetyl derivative of a hydroxy-ketone, Csg3H;,0(OAc), from 
which the hydroxy-ketone, Cs2.H;3(OH)O, m. p. 216°, was obtained. 

Oxidation of lettoresinol-B with chromic acid (3 mols.) gave a mixture of a dicarb- 
onyl compound, C3,H,.0., and a tricarboxylic acid, Cs2.H;,0, or C3,;H590,. The former, 
m. p. 265°, was dextrorotatory, and gave a disemicarbazone, m. p. 287°, but it was not 
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oxidised by potassium permanganate in aqueous solution. The tricarboxylic acid, 
obtained as above or by further oxidation of the dicarbonyl compound by excess of 
chromic acid in acetic acid, had m. p. 174—175° and was dextrorotatory. 

The formation of two of the carboxyl groups in the tricarboxylic acid is probably due 
to the rupture by oxidation of a ring containing the CH(OH)-CH, group : 


CH-OH OH 


CO 
R —s Re ounilihs R’ ~ 
H, H, CO,H 


Only one acid was isolated from the products of oxidation, which may be significant. 
The formation of a single carboxyl group by the oxidation of the other carbonyl group 
suggests that it was either an aldehyde group or part of a short side chain. Although 
the analytical figures probably agree better with the aldehyde formula, yet the stability 
of the dicarbonyl compound towards potassium permanganate makes the side-chain 
formula at least equally likely. We therefore suggest the following partial structures : 


Lettoresinol-B. Dicarbonyl compound. Tricarboxylic acid. 
C32H5 60, C52H 5,0, Carters 


CyHy(CHyOR),[ CapH(CHOKK | CyHy(COH) 
<4, H, \co,H 


or or or 
H-OH co CoH 59O¢ 
Cutty CHO) CHC | CysHy(CO-CH,)C | ow 
H, CH,  CuHa(COWKC 


EXPERIMENTAL. 


Lettoresinol-A.—The latex of Holarrhaena antidysenterica (940 g.) was made into a paste 
with slaked lime and sand, air-dried, and extracted in a Soxhlet apparatus with rectified spirit 
for 16 hrs. The alcohol was distilled off from the extract, and the sticky residue treated with 
dilute hydrochloric acid : no basic substances were obtained. The dry product (153 g., 16%) 
was a sticky solid melting indefinitely between 65° and 100°. On treatment with warm 
acetone, it left an insoluble portion, Jettoresinol-A (7 g.), m. p. 170—175°; this was crystal- 
lised from benzene and from absolute alcohol until the m. p. was constant, 205—206°. Crystal- 
lisation from ethyl acetate then raised it to 227—228° (3-5 g.). Lettoresinol-A crystallises 
in large, colourless needles, readily soluble in ether, light petroleum, chloroform, and benzene, 
sparingly soluble in cold but readily in hot ethyl acetate, sparingly soluble in acetone, ethanol 
and methanol even hot (Found: C, 71-9, 72-0; H, 10-7, 10-7; M, 459, 457, 456. C,,H,.O, 
requires C, 72-1; H, 10-7%; M, 466); [«]}* 68-6° in chloroform (p, 1-7488). It did not appear 
to contain methoxyl groups. 

Lettoresinol-B, Cs3,H;,(OH),.—The acetone solution (above), when cooled, deposited 
crystals which were separated and washed with cold acetone. The crude product, crystallised 
several times from acetone and finally from ethanol, separated as colourless plates, m. p. 
136—137° (11 g.). 

Lettoresinol-B is readily soluble in benzene, ether, light petroleum, and chloroform, less 
readily in cold acetone or ethyl acetate, sparingly soluble in cold, rectified spirit (Found: C, 
81-4, 81-2, 81-0, 81-3; H, 12-1, 12-1, 12-1, 12-1; M, 462, 456. C,,H,,O, requires C, 81-3; H, 
118%; M, 472), [«)#* in chloroform (p = 1-904) 61-1°. Its diacetate, C,,H;,(OAc),, crystallised 
from rectified spirit and then from acetone, separated in colourless plates, m. p. 170° (Found : 
C, 77-0, 77-1; H, 11-1, 11-1; M, 543, 540; acetyl number, 2-026, 1-965. C,,H, O, requires 
C, 77-7; H, 108%; M, 556; acetyl number, 2), [«]?” in chloroform (p = 2-192) 71-2°. 

Oxidation. (i). Lettoresinol-B (1 g.) was dissolved in glacial acetic acid and oxidised 
with chromic acid (0-22 g.) as for the dicarbonyl derivative (below). The oxidation product 
contained only a trace of an acid substance. The main product after several crystallisations 
from rectified spirit and from acetone melted at 194°; it was acetylated with acetic anhydride 
and sodium acetate (4 hrs. at 150°), and the product on fractional crystallisation from acetone 
gave the preceding diacetate, m. p. 170°, and the acetyl compound C,,H,,0-OAc, m. p. 208°, 
colourless plates (Found: M, 509, 498; acetyl number, 1-075, 1-017. C,,H,;,O, requires M, 
512; acetyl number, 1). This substance was hydrolysed by alcoholic caustic potash and gave 
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the hydroxy-ketone, flat plates from rectified spirit, m. p. 216° (Found: C, 81-6; H, 11-5. 
C3,H;,O, requires C, 81-7; H, 11-5%). 

(ii) Lettoresinol-B (2 g.) was dissolved in glacial acetic acid (100 c.c.), and chromic 
acid (1-2 g.) in acetic acid (20 c.c.) added during 2 hrs. to the stirred solution at 70°. After a 
further 2 hrs., the mixture was poured into water (800 c.c.), and the white, flocculent pre- 
cipitate collected, well washed, dissolved in ether, and extracted (a) with sodium bicarbonate 
solution, (6) with caustic soda. The ethereal solution was washed with water, dried over 
calcium chloride, and the ether removed. The residue was crystallised from ethyl alcohol and 
then from acetone, forming colourless plates, m. p. 265° (1-3 g.) (Found: C, 81-9, 82-0; H, 
11-1, 11-2; M, 469, 462. C,,H,,O, requires C, 82-1; H, 11:1%; M, 468), [a]? in chloroform 
(p = 0-652) 90-6°. This dicarbonyl compound gave a disemicarbazone, C3,H;9(N*-NH-CO-NHg),, 
which crystallised from methyl alcohol, m. p. 287° (Found: N, 14:1. C,,H;,0,N, requifes 
N, 144%). 

The caustic soda solution (b, above) yielded nothing on acidification, but the sodium 
bicarbonate extract (a) gave an acid, m. p. 174—175°. The same acid was also prepared by 
dissolving the dicarbonyl compound (0-5 g.) in glacial acetic acid (25 c.c.) and oxidising it at 
70° with chromic acid (0-65 g., 6 mols.) in acetic acid (15 c.c.). The reaction mixture was 
poured into water and the precipitated product worked up in the usual way, affording a solid 
acid, which crystallised from methyl alcohol, m. p. 174—175° (Found: C, 72-1, 72-0; H, 9-8, 
9-8; equiv., 180-7; M, 537, 528, 521. C,,H,;,0O, requires C, 72-2; H, 9-8%; equiv., 177-3; 
M, 532. C,,H59O, requires C, 71-8; H, 9:7%; equiv., 172-6; M, 518), [a]}° in chloroform 
(pP = 1-2032) 25-3°. 


We thank the Indian Forestry Department, Burma, for the supply of material, and the 
University of Rangoon for a grant and for a research scholarship for one of us (J. C. C.). 
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266. Investigations in the Diphenylene Oxide Series. Part V. 
By N. M. CuLLINANE and H. J. H. PADFIELD. 


WHEN diphenylene oxide is halogenated, the halogen atom is substituted in the para-position 
to the oxygen atom (Mayer and Krieger, Ber., 1922, 55, 1660; cf. Cullinane, J., 1932, 2367), 
as is to be expected from the electronic theory (I). Nitration, however, occurs mainly at 
position 2(= 7), and Robinson accounts for this unexpected result by assuming that in 
this case the route taken by the electromeric changes is different (see Cullinane, oc. cit.). 
The nitration of 1 : 2 : 3 : 4-tetrahydrodiphenylene oxide also furnishes the 7-nitro-derivative 
(Gilman, Brown, Bywater, and Kirkpatrick, J. Amer. Chem. Soc., 1934, 56, 2477), and a 
similar explanation may be advanced to explain this result (II). Nitration of 9-acetyl- 
tetrahydrocarbazole takes place at position 5 (III), which can be regarded as meta to the 
nitrogen atom, although nitration of tetrahydrocarbazole itself yields the 6-nitro-deriv- 
ative in the normal way (IV) (Perkin and Plant, J., 1923, 123, 676). 
tia H 

0) CH, N) CH, CN CH, 


ENG se: Ores CO 


H, 
(I.) (II.) (III.) 


Now the comparison of tetrahydrodiphenylene oxide with tetrahydrocarbazole is 
analogous to that of acetylated tetrahydrocarbazole with tetrahydrocarbazole, because in 
each case the hetero-atom suffers a diminution in the availability for electromeric changes 
of its unshared electrons, #.e., NH>N-COR and NH>O. 

When a second substituent is introduced into the 2-nitrodiphenylene oxide molecule, 
owing to the presence of the deactivating nitroxyl group substitution must rely on direct 
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activation of the substituted nucleus by the oxygen atom; hence a second nitro-group 
(Cullinane, loc. cit.), or a chlorine atom, enters the molecule at the normal position 6 (see V). 
In the absence of the deactivating nitroxyl group the conditions obtaining in the case of 
diphenylene oxide itself apply, and therefore nitration of 6-chlorodiphenylene oxide yields 
6-chloro-2-nitrodiphenylene oxide. (V). Analogous results are obtained for bromine 
derivatives (Cullinane, Davey, and Padfield, J., 1934, 717). 


, A \ 
Aon — Ope AO 
(V.) 


1 : 2:3: 4-Tetrahydrodiphenylene oxide (II) was prepared by reduction of diphenylene 
oxide by means of sodium and cyclohexanol, and in almost quantitative yield by means 
of hydrogen in the presence of platinum-black. Dehydrogenation of the tetrahydride to 
diphenylene oxide was effected by means of sulphur, selenium, or potassium permanganate. 

The dry distillation of litharge and phenol (Cullinane, J., 1930, 2268) furnished diphenyl- 
ene oxide together with a small quantity of diphenyl ether. When phenol was replaced by 
thiophenol, the products of distillation were diphenylene sulphide, diphenyl sulphide, 


diphenyl disulphide, Ph-S*S:Ph, and diphenylene disulphide (thianthren), CoH, <O>C Hy. 


EXPERIMENTAL. 


Chlorination of 2-Nitrodiphenylene Oxide.—Dry chlorine was rapidly passed for 45 minutes 
into a warm solution of 2-nitrodiphenylene oxide (2 g.) in glacial acetic acid (40 c.c.). A pale 
yellow solid was deposited. The product was kept at room temperature for 12 hours, water 
added, and the precipitate washed with water and recrystallised from acetic acid or acetone- 
alcohol. Pale yellow needles (2 g.) were obtained, m. p. 226°, undepressed by admixture with 
a specimen of 6-chloro-2-nitrodiphenylene oxide (kindly supplied by Dr. H. A. Scarborough) 
prepared from 4-chloro-5’-nitro-2’-aminodiphenyl ether by diazotisation and ring closure 
(McCombie, Macmillan, and Scarborough, J., 1931, 534). 

Nitration of 6-Chlorodiphenylene Oxide.—Chlorination of diphenylene oxide in glacial acetic 
acid with 1 mol. of chlorine gave a mixture of 6-chloro- and 3 : 6-dichloro-diphenylene oxides. 
However, when 0-5 mol. of chlorine was employed, the 6-chloro-derivative, composed of colour- 
less leaflets, m. p. 103°, was formed. The constitution of this substance was established by 
Gilman, Brown, Bywater, and Kirkpatrick (loc. cit., p. 2476). 

Nitric acid (5-6 c.c.; d 1-5) was added dropwise to a warm solution of 6-chlorodiphenylene 
oxide (2 g.) in glacial acetic acid (14c.c.). The product was kept at room temperature for 2 hours 
and then heated on the water-bath for 1} hours. The crystalline deposit formed on cooling 
was washed with water and recrystallised from acetone—alcohol, giving pale yellow needles (2 g.), 
m. p. 228°, of 6-chloro-2-nitrodiphenylene oxide (identified by a mixed m. p.). 

Action of Bromine on 2-Bromodiphenylene Oxide.—2-Aminodiphenylene oxide (4 g.),* m. p. 
99° (Cullinane, J., 1930, 2268), was diazotised at 0°; the diazo-solution was run gradually into 
a 10% solution of cuprous bromide (20 c.c.), heated under reflux for 15 minutes, and then dis- 
tilled in steam. Recrystallisation from alcohol furnished colourless scales (1-5 g.), m. p. 116°, 
of 2-bromodiphenylene oxide. 


* The acetyl derivative of this amine on nitration and subsequent hydrolysis furnished a nitroamino- 
compound, which was reduced to an o-diamine. This was:stated (Cullinane, J., 1930, 2267) to be 
1 : 2-diaminodiphenylene oxide on the basis of a statement by Borsche and Schacke (Ber., 1923, 56, 
2500) that elimination of the amino-group from the above nitroamino-derivative gave a nitrodi- 
phenylene oxide of m. p. 110°. However, this compound has been shown by Brumberg in a memoir 
only recently available’ (Diss., Géttingen, 1925, p. 22) to melt at 152°. Its constitution was established 
as follows: The amine formed on reduction was diazotised at 0°, and the diazo-compound treated with 
cuprous cyanide. The crude nitrile obtained was heated under reflux for several hours with alcoholic 
potassium hydroxide, yielding an acid, consisting of colourless needles, m. p. 246°, identical with the 
3-carboxydiphenylene oxide prepared by Mayer and Krieger (loc. cit.) by the oxidation of 3-methyl- 
diphenylene oxide. Its identity was further confirmed by reducing it to the amine and converting this 
compound into 3-bromodiphenylene oxide (Cullinane, J., 1932, 2367; cf. Gilman, Brown, Bywater, and 
Kirkpatrick, Joc. cit.; Tatematsu and Kubota, Bull. Chem. Soc. Japan, 1934, 9, 452). 
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2-Bromodiphenylene oxide (3-2 g.) was dissolved in glacial acetic acid (20 ¢.c.), and bromine 
(2 c.c.) was added dropwise to the hot solution. Evolution of hydrogen bromide was observed 
and a pale yellow precipitate was formed on cooling. The mixture was kept for 12 hours and 
then heated on the water-bath for 3 hours. The product was washed with water and recrystal- 
lised from light petroleum (b. p. 60—80°), followed by acetone, yielding pale yellow needles, 
m. p. 174° (Found: Br, 48-9. Calc. for C,,H,OBr,: Br, 49-05%). The constitution of this 
substance has not yet been established. 

Nitration of 2-Chlorodiphenylene Oxide.—2-Chlorodiphenylene oxide (2 g.) was dissolved in 
glacial acetic acid (20 c.c.), and nitric acid (6 c.c.; d 1-5) added gradually with cooling; during 
2 hours’ standing, a precipitate formed. The mixture was then heated on the water-bath for 
2 hours, a solid cake separating. The product on recrystallisation from glacial acetic acid 
(in which it was fairly readily soluble in the heat and sparingly in the cold) yielded pale yellow 
needles (2 g.), m. p. 253° (Found: N, 5-8. C,,H,O,CIN requires N, 5-7%). The constitution of 
this compound has not yet been established, but it is probably 2-chloro-7-nitrodiphenylene oxide. 

Courtot, Nicolas, and Liang (Compt. rend., 1928, 186, 1624) state that thionyl chloride 
converts nitrodiphenylene sulphide in the cold into the corresponding chloro-compound. How- 
ever, treatment of 2-nitrodiphenylene oxide with excess of boiling thionyl chloride for several 
hours was without effect, the original substance being all recovered unchanged. 

Conversion of Diphenylene Oxide into 1:2: 3: 4-Tetrahydrodiphenylene Oxide.—The tetra- 
hydride was first obtained in unstated yield by Hénigschmid (Monatsh., 1901, 22, 563; 23, 
829) by treatment of diphenylene oxide with sodium and absolute alcohol. In the present work 
sodium and cyclohexanol were used, the yield of product being 70% (Mayer and Krieger, /oc. 
cit., p. 1665). A still better yield (97%) was obtained by the following method. 

Into a mechanically agitated solution of diphenylene oxide (5 g.) in pure dry glacial acetic 
acid (75 c.c.) containing platinum-black (2 g.), dry hydrogen (obtained by the electrolysis of 
acidified water) was slowly passed. When 1558 c.c. (corresponding to 2-2 mols. at N.T.P.) had 
been taken up, the liquid was filtered, the residue washed with acetic acid, and the filtrate and | 
washings mixed and made alkaline with sodium carbonate. The oil which separated was ex- 
tracted with ether, dried over calcium chloride, recovered, and distilled (Found: C, 83-4; 
H, 7-1. Calc. for C,,H,,0: C, 83-7; H, 7-0%). A still purer product was obtained by mixing 
hot solutions containing equimolecular proportions of the tetrahydride and picric acid in the 
minimum quantities of alcohol. The additive compeund deposited, on cooling, in orange-yellow 
needles, m. p. 91°, was decomposed with excess of aqueous ammonia (d 0-880), and the product 
extracted with ether and distilled. 

Tetrahydrodiphenylene oxide is a heavy colourless oil with a characteristic odour, b. p. 
270° /ordinary press., 170°/40 mm., and 151°/20 mm. It is insoluble in water, but soluble in the 
ordinary organic solvents. With concentrated sulphuric acid it gives a purplish-red coloration. 
The intention to nitrate it and investigate the constitution of the nitro-derivative was abandoned 
in view of the results of Gilman and his collaborators (loc. cit., p. 2477). 

Attempt to prepare Dihydrodiphenylene Oxide.—H6nigschmid (loc. cit.), using half the quantity 
of sodium and absolute alcohol required to prepare the tetrahydro-compound, claimed to have 
obtained a dihydrodiphenylene oxide. This appears doubtful, for an attempt made by the 
present authors to reduce the oxide to the dihydride by employing 1-1 mols. of hydrogen in the 
presence of platinum-black yielded only unchanged oxide together with some tetrahydride. 

Conversion of Tetrahydrodiphenylene Oxide into Diphenylene Oxide.—(a) By the action of 
sulphur or selenium. An intimate mixture of tetrahydrodiphenylene oxide (2 g.) and sulphur 
(0-8 g.; 2-2 mols.) or selenium powder was heated gradually to 260°. Hydrogen sulphide was 
evolved and, when the evolution of the gas had ceased, the dark-coloured mass was allowed to 
cool and then extracted with boiling alcohol. Recrystallisation of the solid obtained by 
evaporation of the alcohol afforded pure diphenylene oxide (0-9 g.), m. p. 87°. 

(b) By the action of potassium permanganate. Little or no diphenylene oxide was isolated 
when the tetrahydride was treated with boiling 5% potassium permanganate solution, even in 
presence of magnesium sulphate. 

To a boiling stirred mixture of magnesium sulphate solution (25 g. in 25 c.c. of water) and 
tetrahydrodiphenylene oxide (2 g.), a 20% solution of potassium permanganate (130 c.c.) 
was added in small portions. After cooling and filtration, ether extracted from the residue an 
oil, from which about 0-1 g. of diphenylene oxide was isolated. 

The action of mercuric acetate upon tetrahydrodiphenylene oxide failed to yield diphenylene 
oxide (compare tetrahydrocarbazole derivatives; Perkin and Plant, J., 1921, 119, 1838). 

The Action of Litharge on Thiophenol.—A mixture of thiophenol (30 g.) and litharge (40 g.) 
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was heated at 160° for 7 hours in a flask fitted with an air condenser, orange-red crystals of 
lead thiophenoxide being formed. Distillation under atmospheric pressure removed thio- 
phenol (5 g.), which was mixed with diphenyl disulphide (0-5 g.), m. p. 61°. The residue was 
fractionally distilled under 11 mm. pressure. Thianthren (2 g.), colourless needles, m. p. 155°, 
was isolated. Diphenylene sulphide (1-5 g.), m. p. 99°, was also obtained, and identified by 
comparison with a specimen prepared synthetically. The synthesis adopted was that employed 
by Courtot (Compt. rend., 1932, 195, 1660), but more prolonged heating (15 hours) of the di- 
phenyl sulphoxide with powdered sodamide improved the yield. In addition, diphenyl sulphide 
(4 g.) was separated, and was characterised by conversion into the sulphone, m. p. 129°. 


The authors thank Professor R. Robinson for his advice and criticism, and the Chemical 
Society for a grant. 
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267. <A Reaction of Certain Diazosulphonates derived from 8-Naphthol- 
l-sulphonic Acid. Part XII. Preparation of Phthalazine, Phthal- 
azone, and Phthalimidine Derivatives from 2-Bromo-4-nitroaniline. 


By F. M. Rowe, G. B. JAMBUSERWALA, and H. W. PARTRIDGE. 


THE preparation of phthalazine, phthalazone, and phthalimidine derivatives from 2-chloro-, 
2 : 6-dichloro- and 2 : 6-dibromo-4-nitroanilines has already been described (J., 1932, 11; 
1931, 1073). Asin certain instances the results differed considerably from those obtained 
in the absence of the halogen atoms (J., 1926, 690; 1928, 2550; 1931, 1067; 1932, 473; 
1933, 1067), the corresponding 2’-bromo-4’-nitro- and -amino-derivatives were investigated. 

Conversion of 2’-bromo-4’-nitrobenzene-2-naphthol-1-diazosulphonate through sodium 
1-(2’-bromo-4’-nitrobenzeneazo)-$-naphthaquinone-l-sulphonate into sodium hydrogen 
3-(2'-bromo-4'-nitrophenyl)-3 : 4-dihydrophthalazine-1-sulphonate-4-acetate and thence into 
1-hydroxy-3-(2'-bromo-4'-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic acid (I; R= 2’- 
bromo-4’-nitrophenyl) proceeds normally. Reduction to the corresponding amino-acid 
is best effected in an acid medium, as subsequent degradation occurs more readily with 
alkali, whereas the reverse is the case with the chloro-analogue (loc. cit.). The hydro- 
chloride of the amino-acid is so sparingly soluble in concentrated hydrochloric acid that it is 
unaffected by prolonged boiling, but 2’-bromo-4'-amino-3-phenylphthalaz-l-one (II; R= 
2’-bromo-4’-aminophenyl; R’ = H) is obtained in excellent yield by boiling the amino- 
acid with aqueous sulphuric acid. 


OH 
C 


H H, 
CH,*CO,H 
(I.) (IIT.) 


In the reduction of chloro-4’-amino-3-phenylphthalaz-l-ones with zinc dust and 
hydrochloric acid no chlorine is removed, but with the 2’ : 6’-dibromo-compound under 
ordinary conditions bromine is eliminated, giving mainly 4’-amino-N-phenylphthalimidine, 
although under different conditions some of its 2’-bromo-derivative is formed (J., 1931, 
1083). Similarly, 2’-bromo-4’-amino-3-phenylphthalaz-l-one is reduced to either 4’-amino- 
N-phenylphthalimidine (III; R’’ = 4’-aminophenyl) or its 2’-bromo-derivative, but in 
each case the yield is very low, as fission is the predominating reaction. 

The compounds obtained by methylating the oxygen atom in the keto-group of 4’-nitro- 
3-phenylphthalaz-l-one and its 2’: 6’-dihalogeno-derivatives possess entirely different 
properties (J., 1931, 1075), and as 2’-chloro-4’-nitro-3-phenylphthalaz-l-one could not be 
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obtained satisfactorily (J., 1932, 13), the behaviour of the 2’-bromo-compound (II; R = 
2’-bromo-4’-nitrophenyl; R’ = H) was examined. This compound was prepared only in 
small quantity, but attempted methylation afforded resins. On the other hand, 1-hydroxy- 
3-(2'-bromo-4’-nitropheny])-3 : 4-dihydrophthalazine-4-acetic acid is converted readily 
into 2’-bromo-4'-nitro-3-phenyl-4-methylphthalaz-l-one (Il; R = 2’-bromo-4’-nitropheny] ; 
R’ = Me), but this compound differed considerably from any analogue prepared previously. 
It is much less basic and does not form salts with mineral acids or with picric acid; more- 
over, we were unable to methylate it, whereas all corresponding compounds containing a 
4’-nitro-group yet examined, on treatment with methyl sulphate, followed by alkali, are con- 
verted into 4’-nitro-1-methoxy-3-aryl-4-methylene-3 : 4-dihydrophthalazines. This differ- 
ence in properties suggested that the phthalaz-l-one might have been converted into the 
inactive phthalaz-4-one, as such a conversion can be carried out (unpublished work; cf. J., 
1933, 1068). Consequently, 2’-bromo-4'-nitro-3-phenyl-1-methylphthalaz-4-one (V) was 
synthesised (cf. J., 1931, 1923) from o-carboxyacetophenone-2-bromo-4-nitrophenylhydrazone 


CMe 
— XwSOBr 
N-< NO, 
O 
(V.) 


(IV) by boiling it with acetic anhydride and a little pyridine; the product is isomeric 
with the corresponding 4-methylphthalaz-l-one (above). 

Reduction of 2’ : 6’-dibromo-4’-amino-3-phenyl-4-methylphthalaz-l-one with zinc dust 
and hydrochloric acid gives some 2’-bromo-4’-amino-N-phenyl-3-methylphthalimidine and 
2 : 6-dibromo-p-phenylenediamine. Various reductions of 2’-bromo-4'-amino-3-phenyl- 
4-methylphthalaz-1-one (prepared as for the chloro-compound; J., 1932, 18), however, give 
only a substance which, by analogy, is probably 1-keto-3-(2’-bromo-4'-aminophenyl)-4- 
methyltetrahydrophthalazine, and this apparently undergoes complete fission on further 
reduction. 

EXPERIMENTAL. 


Where no details of preparation are given, the 2’-bromo-compounds were prepared as 
described for the corresponding 2’ : 6’-dibromo-compounds (J., 1931, 1078). 

2-Bromo-4-nitroaniline.—Since large quantities of this were required, its preparation was 
improved by Dr. A. T. Peters. Bromine (25-5 g.; 1-05 mols.) in dry chloroform (50 c.c.) was 
added quickly to a solution of p-nitroaniline (21 g.; 1 mol.) in dry chloroform (600 c.c.) con- 
taining anhydrous aluminium bromide (0-1 g.) at 30—35°, and the mixture shaken vigorously. 
2-Bromo-4-nitroaniline hydrobromide was precipitated immediately; it was collected and 
basified with dilute sodium carbonate. The base crystallised from alcohol in pale yellow, 
prismatic needles, m. p. 106—107° (yield, 29-8 g.; 90-2%, calc. on p-nitroaniline). This method 
of monohalogenation also gives improved yields in other cases, and it is the only method by 
which certain monochloroxylenols can be monobrominated. 

Sodium Hydrogen 3-(2'-Bromo-4'-nitrophenyl)-3 : 4-dihydrophthalazine-1-sulphonate-4-acetate. 
—A filtered solution of commercial 50% sodium 8-naphthol-1l-sulphonate (96 g.) in water (250 
c.c.) was stirred slowly at 0° into a solution of diazotised 2-bromo-4-nitroaniline, prepared by 
rapidly adding a cold solution of the base (37 g.) in concentrated sulphuric acid (150 c.c.) to a 
mixture of crushed ice (500 g.) and powdered sodium nitrite (15 g.) with good stirring. 2’-Bromo- 
4’-nitrobenzene-2-naphthol-1l-diazosulphonate separated as a brownish-red precipitate. After 
several hours, it was washed free from acid, mixed with cold water (250 c.c.), and stirred into a 
cold solution of anhydrous sodium carbonate (48 g.) in water (250 c.c.). The suspension thick- 
ened, and after } hour’s stirring, it was added to a cold solution of sodium hydroxide (40 g.) in 
water (100 c.c.); the temperature rose by about 10°, and the reddish-violet mixture slowly 
became brownish-red. The acid sodium salt was isolated after 2 days as yellowish-brown crystals 
(yield, 73 g.). It crystallised from water (charcoal) in small yellow prisms, decomp. 234—236° 
(Found: S, 6-7; Br, 16-5. C,,H,,0,N,BrSNa requires S, 6-5; Br, 16-3%). Itis a yellow acid 
dye of much less tinctorial power than the corresponding unhalogenated compound, and fugitive 
to light. 

1-H ydroxy-3-(2'-bromo-4'-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic Acid.—A solution of 
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the preceding sodium hydrogen salt (100 g.) in water (500 c.c.) was boiled, and concentrated 
hydrochloric acid (100 c.c.) added gradually (to avoid precipitation of the free sulphonic acid) 
until evolution of sulphur dioxide had ceased. The acid separated in yellowish-brown crystals, 
and recrystallised from ethyl acetate in small, pale yellow prisms, m. p. 235° (yield 60 g.; 72-7%) 
(Found: C, 47-3; H, 2-9; N, 10-4. C,,H,,0O,;N,Br requires C, 47-3; H, 2-9; N, 10-35%). 
It dissolved readily in sodium carbonate or hydroxide with a brownish-red colour. 

The methyl ester crystallised from methyl alcohol in yellow, rhombic prisms, m. p. 179° 
(Found: C, 48-7; H, 3-3. C,,H,,O,;N,Br requires C, 48-6; H, 3-3%), and the ethyl ester from 
ethyl alcohol in yellow, prismatic needles, m. p. 178° (Found : C, 49-9; H, 3-6. C,,H,,O,;N,Br 
requires C, 49-8; H, 3-7%); both esters dissolve in sodium hydroxide solution with a reddish- 
brown colour. The acetyl derivative crystallised from ethyl alcohol in pale yellow, prismatic 
needles, m. p. 121° (Found: C, 48-3; H, 3-3. C,gH,,O,N,Br requires C, 48-2; H, 3-1%), 
soluble in sodium carbonate with a yellowish-brown colour and in sodium hydroxide with a 
brownish-red colour. The anilide crystallised from alcohol in pale yellow prisms, m. p. 207° 
(Found: C, 54-7; H, 3-4. C,.H,,0O,N,Br requires C, 54-9; H, 3-5%), which became violet on 
the surface on exposure to light; it was sparingly soluble in sodium hydroxide solution with a 
brownish-red colour. 

1-Keto-3-(2'-bromo-4'-nitrophenyl)-2-methyltetrahydrophthalazine-4-acetic acid, prepared as 
described for the corresponding N-methy] ethers (J., 1933, 1069), crystallised from methyl alcohol 
in yellow prisms, m. p. 229° (Found: C, 48-1; H, 3-2; Br, 18-6. C,,H,,O;N,Br requires 
C, 48-5; H, 3-3; Br, 19-0%), soluble in alkalis with a yellow colour, and unchanged by heating 
with hydrobromic acid (d 1-7) in a sealed tube at 120°. Its methyl ester crystallised from methyl 
alcohol in pale yellow, hexagonal prisms, m. p. 212—213° (Found: C, 49-7; H, 3-7. 
C,,H,,0;N,Br requires C, 49-8; H, 3-7%), insoluble in alkalis. 

1-H ydroxy-3-(2'-bromo-4'-aminophenyl)-3 : 4-dihydrophthalazine-4-acetic Acid.—The_nitro- 
compound (50 g.) was added gradually to a boiling solution of stannous chloride (200 g.) in 
concentrated hydrochloric acid (500 c.c.) during $ hour. The solution was then boiled for 
} hour, left over-night, and diluted with water (150 c.c.). After 3 hours, the colourless crystal- 
line hydrochloride was collected, dissolved in hot water (1 1.) containing concentrated hydro- 
chloric acid (5 c.c.), and tin removed by hydrogen sulphide. Sodium carbonate solution was 
then added with ice-cooling until a white precipitate of the amino-acid had separated completely. 
A further quantity was isolated from the filtrate from the hydrochloride. The acid was obtained 
pure in small, colourless, vitreous prisms, m. p. 233—234°, by addition of hydrochloric acid 
to a hot solution in dilute sodium carbonate (yield, 35-5 g.; 76-7%) (Found: C, 50-95; H, 4:1; 
Br, 21-5. C,.H,,O,N,Br requires C, 51:05; H, 3-7; Br, 21-3%). The acetyl derivative 
crystallised from glacial acetic acid in small, colourless prisms, m. p. 205° (Found: C, 51-6; 
H, 4:2. C,,H,,0O,N,Br requires C, 51-7; H, 3-8%), which became yellowish-brown on the 
surface on keeping. 

2'-Bromo-4'-amino-3-phenylphthalaz-1-one.—This was prepared from the foregoing acid (50 g.), 
and crystallised from alcohol (charcoal) in small, pale yellow needles, m. p. 242° (yield 37 g.; 
88%) (Found : C, 53-3; H, 3-0; Br, 25-5. C,,H,gON,Br requires C, 53-2; H, 3-2; Br, 25-3%). 

Reduction. (a) A solution of the above phthalazone (20 g.) in water (1 1.) and concentrated 
hydrochloric acid (100 c.c.) was boiled, and zinc dust (20 g.) and dilute hydrochloric acid (1 1.; 
1:3) were added gradually during 14 hours. After cooling and filtering, the filtrate was 
rendered alkaline with sodium hydroxide, and the dry precipitate extracted with alcohol 
(charcoal). Fractional crystallisation gave 2’-bromo-4'-amino-N-phenylphthalimidine in almost 
colourless rhombic crystals, containing alcohol of crystallisation, rapidly lost at air temperature, 
m. p. 178° after removal of the solvent (yield, 3 g.; 15-6%) (Found: C, 55-2; H, 3-8; Br, 26-2. 
C,,H,,ON,Br requires C, 55-4; H, 3-6; Br, 26-4%); not depressed by admixture with the 
compound prepared from 2’ : 6’-dibromo-4’-amino-3-phenylphthalaz-l-one (J., 1931, 1083). 
The acetyl derivative was identical with that previously described (loc. cit.). 

(b) A solution of the phthalazone (5 g.) was similarly reduced with proportionate quantities 
of reagents, but 10 g. of zinc dust. On concentration to about 150 c.c. and cooling, the hydro- 
chloride of 4’-amino-N-phenylphthalimidine crystallised in colourless plates, and a further 
quantity was isolated from the filtrate, but no 2’-bromo-4’-amino-N-phenylphthalimidine was 
detected. The base crystallised from alcohol in colourless, prismatic needles, m. p. 198° (yield, 
0-7 g.; 19-75%) as previously described (J., 1926, 704). 

2'-Bromo-4'-nitro-3-phenylphthalaz-1-one.—This was prepared from 1-hydroxy-3-(2’-bromo- 
4’-nitropheny])-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) as described for the corresponding 
chloro-compound (J., 1932, 17), except that 50 c.c. of concentrated sulphuric acid were used. 
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The yellow precipitate (2-8 g.) was very difficult to crystallise, but extraction with ethyl acetate 
and concentration of the extract gave a little 2’-bromo-4'-nitro-3-phenylphthalaz-1-one, pale yellow 
prisms, m. p. 197° (decomp.) (Found: C, 48-3; H, 2-4; Br, 23-3. C,,H,O,N;Br requires C, 
48-55; H, 2-3; Br, 23-1%). It was insoluble in sodium carbonate solution, but dissolved 
in sodium hydroxide with an orange-red colour; it was sparingly soluble in dilute mineral 
acids, but no salts could be isolated. Attempted methylation gave only resins. 

2'-Bromo-4'-nitro-3-phenyl-4-methylphthalaz-1-one.—A solution of finely powdered 1-hydroxy- 
3-(2’-bromo-4’-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic acid (25 g.) in cold concentrated 
sulphuric acid (300 c.c.) was poured on ice (1 kg.), and powdered potassium dichromate (14 g.) 
was added in small portions during 2 hours, with constant agitation. Next day, the yellowish- 
brown product was isolated as usual. 2’-Bromo-4'-nitro-3-phenyl-4-methylphthalaz-1-one crystal- 
lised from ethyl acetate in small, pale yellow needles, m. p. 225° (yield, 14 g.; 63-2%) (Found : 
C, 50-8; H, 3-1; Br, 21-8. C,;H,jO,N,Br requires C, 50-0; H, 2-8; Br, 22-2%). Its properties 
resemble those of the preceding compound; moreover, it did not react with alcoholic picric acid. 

2'-Bromo-4'-nitro-3-phenyl-1-methylphthalaz-4-one (V).—Acetophenone-o-carboxylic acid and 
2-bromo-4-nitrophenylhydrazine (cf. J., 1931, 1923) afforded the hydrazone (IV), which formed 
small yellow prisms, m. p. 152—154° (Found: C, 47-3; H, 3-3. C,,;H,,0O,N,Br requires C, 47-6; 
H, 3-2%), soluble in alkalis with a deep orange-red colour, and reprecipitated on acidification. 
Crystallisation from alcohol, glacial acetic acid, or nitrobenzene did not result in ring closure, 
which was effected by refluxing with acetic anhydride and pyridine for 1 hour. Next day, the 
mixture was poured on ice, the solid (V) collected, washed with dilute sodium carbonate and 
water, and crystallised from alcohol; colourless needles, m. p. 200—202°, with previous softening 
(Found: Br, 22-3. C,;H,0O,N,Br requires Br, 22-2%), insoluble in dilute mineral acids and 
in alkalis. 

2’-Bromo-4'-amino-3-phenyl-4-methyl phthalaz-1-one.—(a) Asolution of 1-hydroxy-3-(2’-bromo- 
4’-aminopheny])-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) in cold concentrated sulphuric 
acid (60 c.c.) and water (250 c.c.) was treated gradually (2 hrs.) with powdered potassium 
dichromate (4-8 g.), with constant agitation. Next day, the orange-brown product was isolated 
as usual (yield 7 g.; 79-8%), and then crystallised from ethyl alcohol in yellow needles, m. p. 
279—280°, containing 1 mol. of alcohol of crystallisation which could not be removed completely 
by heat (Found: C, 54-0; H, 4-5; N, 11-0; Br, 21-0. C,,;H,,ON,Br,C,H,O requires C, 54-25; 
H, 4-8; N, 11-2; Br, 21-3%). It crystallised from ethyl acetate in yellow needles, m. p. 275— 
277°, which tenaciously retained solvent. It dissolves in concentrated hydrochloric acid with 
a pink colour and can be diazotised. 

(b) A solution of the same initial material (5 g.) in sodium hydroxide (5 g.) and water (50 c.c.) 
was heated under reflux at about 95° for 24 hours; the product separated continuously in yellow 
needles, m. p. 276° (yield 0-6 g.; 13-7%). 

(c) 2’-Bromo-4’-nitro-3-phenyl-4-methylphthalaz-1l-one (1 g.) was heated with alcohol (3 c.c.) 
and a solution of sodium sulphide crystals (7 g.) in water (15 c.c.) for } hour, and the alcohol 
removed; the product separated in yellow needles, m. p. 276° (yield 0-73 g.; 80%). 

Reduction of 2'-Bromo-4'-amino-3-phenyl-4-methylphthalaz-1-one.—A solution of the base 
(6 g.) in concentrated hydrochloric acid (135 c.c.) and water (135 c.c.) was boiled, and zinc dust 
(3 g.) added gradually (1 hr.), the volume being kept constant by addition of dilute hydrochloric 
acid (1:6). The pale yellow solution was filtered, cooled, neutralised with sodium hydroxide, 
the dried precipitate extracted with toluene, and the extract concentrated, yielding a small 
amount of pale yellow prisms, m. p. 211—212°. This substance is a diazotisable amine, not 
identical with 2’-bromo-4'-amino-N-phenyl-3-methylphthalimidine obtained from 2’ : 6’-di- 
bromo-4’-amino-3-phenyl-4-methylphthalaz-l-one (J., 1931, 1088), but, by analogy with the 
reduction of the corresponding monochloro-compound (J., 1932, 19), it is probably impure 
1-keto-3-(2'-bromo-4'-aminophenyl)-4-methyltetrahydrophthalazine (Found: C, 55-2; H, 4:7; 
Br, 23-7. C,;H,,ON,Br requires C, 54:2; H, 4-2; Br, 24-1%). Many other reductions were 
carried out under various conditions, but only small quantities of the above compound were 
isolated, together with oils which gave strong reactions for p-diamines. 


The authors are indebted to Dr. A. T. Peters for his assistance with the preparation of some 
of the compounds described, and to Imperial Chemical Industries Ltd. (Dyestuffs Group), and 
Alliance Colour and Chemical Co., for gifts of chemicals. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
LEEDS UNIVERSITY. (Received, May 9th, 1935.] 
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268. Researches in the Carvone Series. Part III. Carvomenthols, 
l-isoCarvomenthone, and |-isoCarvomenthylamine. 


By RosBert G. JOHNSTON and JOHN READ. 


CARVOMENTHOLS, like menthols, should be capable of existing in eight optically active and 
four externally compensated forms. The many methods recorded for preparing these 
substances have clearly led in most instances to complex mixtures of stereoisomerides. 
The earlier methods consisted in applying sodium and alcohol and other reducing agents 
tosuch substances as d/-carvenone (Wallach, Annalen, 1893, 277, 130; Marsh and Hartridge, 
J., 1898, 78, 857), d-dihydrocarveyl acetate (Baeyer, Ber., 1893, 26, 822), and d/-carvotan- 
acetone (Semmler, Ber., 1894, 27, 895). Later, attempts were made to isolate individual 
carvomenthols by the controlled hydrogenation of carvacrol, carvone, etc., in presence 
of various catalysts under different conditions (see inter alia Brunel, Compt. rend., 1903, 
137, 1269; 1905, 141, 1245; Haller and Martine, Compt. rend., 1905, 141, 1312; Vavon, 
ibid., 1911, 153, 70; Ipatiev, Ber., 1911, 44, 3462). 

The carvomenthols obtained by catalytic hydrogenation, etc., from such initial sub- 
stances as /-«-phellandrene, d-carvone, di-carvenone, and carvacrol have been studied in 
detail by Paolini (Atti R. Accad. Lincet, 1919, 28, 82, 134; 1921, 30, 313, 371; Gazzetta, 
1925, 55, 818; etc.), whose methods entailed in particular the fractional crystallisation of 
the carvomenthyl hydrogen phthalates and various derived salts. The values of [«]p 
recorded for the resulting carvomenthols may be arranged in four numerical groups, with 
the following approximate means: — 20°, + 8—9°, + 2—3°, and + 1—2°. All the sup- 
posed stereoisomeric forms had the common boiling point, 218°; the values of di: ranged 
only from 0-9071 to 0-9082; those of »}* fell within the narrow limits, 1-463—1-461; and 
the substances of highest density had the lowest refractive index. The different prepar- 
ations were not shown to give rise to stereoisomeric ketones upon oxidation. In view of 
the considerably greater diversity in physical properties shown by the stereoisomeric 
menthols, there is little doubt that Paolini’s end-products consisted of mixtures of stereoiso- 
merides, in spite of the remarkably good agreement observed for the rotatory powers of 
certain of the specimens which were prepared from different sources. The same may be 
said of the carvomenthol, [«], — 1-10°, recently prepared by Tabuteau (Compt. rend., 
1935, 200, 244) from carvomenthene having [«]) + 103-5°. This conclusion is borne out 
by the results now described. 

The processes outlined below usually entail the separation of only two stereoisomeric 
alcohols at each stage (cf. J., 1934, 233). For example, d-carvone (one asymmetric carbon 
atom) yields two carveols (two asymmetric carbon atoms), each of which, after separation, 
furnishes in turn two carvomenthols (three asymmetric carbon atoms). The stereoiso- 
meric alcohols were separated and characterised by means of crystalline esters, the different 
rates of reaction with the corresponding acid chlorides being sometimes effectively utilised 
during the separation. 

All the optically active substances described in this paper may be referred to d-carvone, 
which when hydrogenated yields an equilibrium mixture of /-carvomenthone and /-1so- 
carvomenthone (J., 1934, 227). /-Carvomenthone oxime (loc. cit.) when reduced with 
sodium and alcohol yields d-carvomenthylamine, which upon deamination gives rise to 
d-carvomenthol, [«],) + 27-7°, with a little terpene. /-neoCarvomenthylamine, obtained 
from J-carvomenthone and ammonium formate (J., 1934, 231), is converted chiefly into 
terpene when deaminated; but at the same time both d-carvomenthol and |-neocarvo- 
menthol, [«]) — 41-7°, are produced, Each of these alcohols is oxidised by Beckmann’s 
reagent to /-carvomenthone, having [«]p ca. — 6°. d-Carvomenthol appears to react 
more rapidly than /-neocarvomenthol with acid chlorides. The inter-relationships of /- 
carvomenthone, d-carvomenthol and /-neocarvomenthol are thus precisely similar to those 
of d-menthone, d-menthol and /-neomenthol, and the nomenclature is based upon this 
analogy (cf. J., 1934, 228). 

Similar inter-relationships exist in the iso-series. 1-isoCarvomenthylamine, obtained 
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by reducing /-isocarvomenthone oxime, yields upon deamination 1-isocarvomenthol, [«]p 
— 17-7°, with a little terpene. This last alcohol oxidises to J-isocarvomenthone, which, 
like the optically active isomenthones, yields a viscid oxime. As in the menthone series, 
the isoketone has the higher numerical rotatory power, and the densities and refractive 
indices of itsocarvomenthone and the isocarvomenthols are greater than those of carvo- 
menthone and the carvomenthols. A similar statement applies to d-, l-neo-, and J-iso- 
carvomenthylamine : no meoisocarvomenthylamine has yet been isolated. 

d-Carvomenthol and /-neocarvomenthol have each been prepared in four different 
ways from d-carvone, and /-isocarvomenthol has been prepared in twe ways: the rotatory 
powers of the various specimens show substantial agreement. The supposed 1-neoiso- 
’ carvomenthol, [a], — 34-7°, has as yet been prepared by one method only, and in very 
small amount; so the data for this alcohol (as also to a less extent for /-isocarvomenthol) 
are put forward with reserve. Discussion of relative molecular configurations and of 
relationships between optical rotatory powers in this group is deferred until tso- and 
neoiso-carvomenthol and the carvomenthones have been more fully characterised, and the 
comparative reaction velocities of the four series of carvomenthols have been studied 
(cf. J., 1934, 1779). The need for caution is emphasised by the occasional tendency of 
the nitrobenzoates in this series to form mixed crystals; ¢.g., the p-nitrobenzoates of 
d-trans- (m. p. 77°, [a]p + 264°) and d-cis-carveol (m. p. 28°, [«]) — 57°) form a constant- 
crystallising mixture having m. p. 84°, [«]) + 85°. 

d-cis-Carveol (J., 1934, 235) upon hydrogenation yields a mixture of d-carvomenthol 
and J/-neoisocarvomenthol; while d-trans-carveol gives J-neo- and J/-iso-carvomenthol. 
In practice, however, d-carvomenthol is best obtained by deaminating d-carvomenthy]l- 
amine, and /-neocarvomenthol by the Ponndorf reduction of /-carvomenthone. 

The leading characteristics of /-carvomenthone and 1-isocarvomenthone are summarised 


i-Carvomenthone. l-isoCarvomenthone. 
— 6:0°/17° — 56°5°/20° 
1°4548/17° 1°4558/20° 
0°9033 * 0°9102 
99—100° syrup 
[a]p (¢ 2, alcohol) — 38°7° — 79°5° 
STNRORS TR. DB. coceccecepncsesepsttcerenssuseseseneseenss 192° 171—172° 
{a]p (c 2, chloroform) — 13°3° — 117:0° 
* For a specimen having [a]? — 25-0° and thus containing about 62% of /-carvomenthone and 38% 
of J/-isocarvomenthone. 


The equilibrium mixture of these two ketones produced by leaving either of them in 
contact with cold alcoholic sodium ethoxide contains about 80% of /-carvomenthone ; 
the preparations made by hydrogenating d-carvone in presence of Rupe’s nickel catalyst 
(cf. J., 1934, 229), with [a]>* — 25-0°, contain about 62°% of /-carvomenthone. 

Approaches to carvomenthols are also being studied from carvotanacetone, carvotan- 
acetols, and a 1 : 2-menthanediol (m. p. 112—114°) which has recently been obtained. 


EXPERIMENTAL, 


d-Carvomenthol.—(1) Upon mixing d-carvomenthylamine hydrochloride (J., 1934, 230) with 
sodium nitrite (1 mol.) in concentrated aqueous solution, a precipitate of d-carvomenthylamine 
nitrite was produced. Nitrogen was expelled on the water-bath, and the immiscible layer steam- 
distilled. Usually, deamination approached 75% : in a typical experiment, 37-2 g. of hydro- 
chloride gave 2-7 g. of a terpene fraction, b. p. 61—101°/16 mm., n}*" 1-4595, ap + 0-32° (7 = 1), 
and 17-3 g. of a carvomenthol fraction with b. p. 101—104°/16 mm., }® 1-4631, «}® + 19-58°. 
Unchanged base was recovered and used again. A mixture of several of the higher-boiling 
fractions gave a crude 3: 5-dinitrobenzoate having [a]p + 44-4° (c 2-0, chloroform); upon 
recrystallisation from alcohol-ethyl acetate, this readily yielded pure d-carvomenthyl 3: 5- 
dinitrobenzoate, m. p. 107°, [«]i?* + 52-8°. When heated under reflux with 5% methyl-alcoholic 
potassium hydroxide (140 c.c.) for 40 minutes, this ester (30 g.) yielded d-carvomenthol (11-8 g.) 
having b. p. 101-8—102-0°/14 mm.; mj} 1-4650, ni” 1-4629; di 0-9056; ai®” + 25-08°, [a]i* 
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+ 27-69°; [Rz]p 47-62 (calc. 47-70) (Found: C, 76-4; H, 12-8. C, 9H, 9O requires C, 76-8; H, 
12-9%). This alcohol was oxidised by Beckmann’s reagent to /-carvomenthone having [a]}” 
— 6-0° (J., 1934, 229). 

(2) A solution of palladium chloride (0-2 g.) in hot distilled water (20 c.c.) containing 3 drops 
of 2N-hydrochloric acid was mixed with gum-arabic (0-4 g.) in water (100 c.c. at 60—70°), 
together with d-dihydrocarveol (16 g.; [a]p + 34-2°; J., 1934, 236). Upon hydrogenating 
in the usual way, practically the full amount of hydrogen was absorbed within 5 minutes. The 
resulting d-carvomenthol formed the exclusive product of the reaction, and had b. p. 104— 
105°/17 mm., n}” 1-4617, d2° 0-8995, al? + 23-71°, [a] + 26-35°, [Rz]p 47-65. 

(3) d-cis-Carveol (24 g., [a]? + 23-9°; J., 1934, 235 *) was submitted to two successive 
hydrogenations in methyl alcohol (120 c.c.) with a 2% palladised calcium carbonate catalyst 
(6 g.). The product (19-4 g.) had mn} 1-4665, a}? + 4-32° (1 = 1), b. p. 102—105°/18 mm. 
The derived crude 3: 5-dinitrobenzoate (43 g.) had [«]p + 23-2° (¢ 2-0, chloroform) ; after several 
recrystallisations, long, pale yellow needles were obtained, with [a]p + 51-0° (7-2 g.), and the 
liberated d-carvomenthol had n}j° 1-4632, aff’ + 23-44°. This was converted into d-carvomenthyl 
hydrogen phthalate, which crystallised readily from light petroleum (b. p. 60—80°) in clusters 
of transparent six-sided leaflets or prisms, m. p. 90—91°, [a]p + 57-8° (c 2-0, alcohol) (Found : 
C, 71-1; H, 8-1. C,,H,,O, requires C, 71-0; H, 8-0%). The mother-liquors from the above 
3 : 5-dinitrobenzoate contained /-neoisocarvomenthyl 3 : 5-dinitrobenzoate (see below). 

When boiled for 2 hours with acetic anhydride (40 c.c.) and anhydrous sodium acetate 
(1 g.), d-cis-carveol (8 g.) gave d-cis-carveyl acetate, aj + 46-4 (1 = 1); upon hydrogenation 
as described under (2), this yielded a mixed product consisting chiefly of d~-carvomenthy] acetate. 

(4) From /-carvomenthone (see below). 

d-Carvomenthyl Esters —The 3 : 5-dinitrobenzoate, obtained in 97% yield, crystallises from 
alcohol-ethyl acetate in long needles with a faint yellow tinge, m. p. 107°, [a]}* + 52-8° (c 2-0, 
chloroform) (Found: C, 58-2; H, 6-3. C,,H,,O,N, requires C, 58-3; H, 6-3%). The p- 
nitrobenzoate separates from alcohol in flat rectangular prisms with a faint yellow tinge, m. p. 
60°, [a]}?" + 51-7° (c 2-0, chloroform) (Found: C, 66-6; H, 7-5. C,,H,;0,N requires C, 66-8; 
H, 7:-6%). The /-menthoxyacetate is a thin, transparent syrup, [a] — 18-1° (c 2-0, chloro- 
form) ; the d-menthoxyacetate is an oil, [a] + 93-4°. The d-camphor-10-sulphonate is a thick 
syrup, [a] + 59-6°; when heated to 164—165° it decomposes into /-A!-menthene and d- 
camphor-10-sulphonic acid. The /-camphor-10-sulphonate is very soluble in alcohol, from which 
it crystallises in elongated prisms, m. p. 57—58°, [«]}>° + 8-0°; when heated to 166° it decom- 
poses, yielding /-A'-menthene and /-camphor-10-sulphonic acid. 

l-neoCarvomenthol.—(1) l-neoCarvomenthylamine hydrochlcride (14-7 g., [a]i® — 31-9° in 
water; J., 1934, 231), when treated with nitrous acid as above, gave an oil which yielded the 
following fractions: b. p. 59—95°/16 mm., nj 1-4573, ap — 40-46° (6-0 g.); b. p. 95—99°/16 
mm., np" 1-4618, a} + 1-96° (1-75 g.). The first fraction appeared to consist mainly of /-A!- 
menthene. Much of the d-carvomenthol present in the second fraction was removed by partial 
esterification with p-nitrobenzoyl chloride. The unesterified /-rotatory alcohol was converted 
into 3: 5-dinitrobenzoate; this, when recrystallised, yielded a product with m. p. 126—127°, 
[a]p — 16-0° (c 2-0, chloroform), which showed no depression in m. p. when mixed with an 
authentic specimen of /-neocarvomenthyl 3: 5-dinitrobenzoate (see below). The respective 
proportions of d-carvomenthol and /-neocarvomenthol indicated by the rotatory power of the 
crude second fraction are about 60% and 40%. 

(2) When /-neodihydrocarveol («}*° — 33-22°; J., 1934, 237) was hydrogenated in presence 
of a palladium catalyst, as described under (2) above, it was converted readily into /-neocarvo- 
menthol, b. p. 95—96°/11-5 mm., nj*° 1-4652, af — 35-0°; this yielded the characteristic 
3 : 5-dinitrobenzoate, m. p. 129°. 

(3) (a) d-trans-Carveol (10 g., ap + 201°; J., 1934, 235), when hydrogenated in presence 
of the palladium catalyst indicated under (2) above, absorbed more than the calculated amount 
of hydrogen. Most of the product distilled below 90°/9 mm., and appeared to consist largely 
of p-menthane. The alcohol fraction (2-8 g.) had nj” 1-4647, a) — 20-72°. 


* It is advantageous to replace isopropyl alcohol by isobutyl alcohol in reducing carvone to a mix- 
ture of cis- and trans-carveol. With isobutyl alcohol and aluminium isobutoxide reduction reached 
75—80% in 8 hours and the crude product had ap -++ 102—107° (/ = 1), whereas with isopropyl alcohol 
these values were often much lower. In certain experiments with aluminium isopropoxide which had 
been distilled 3 times, the reduction reached only about 50°,, and the crude product, which appeared 
to contain a larger proportion of cis-carveol than usual, had ap + 56—62°. 
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Only partial hydrogenations of d-irans-carveyl benzoate (75%), p-nitrobenzoate (65%) 
and 3: 5-dinitrobenzoate (45%) were possible under the conditions adopted. d-trans-Carveyl 
acetate (18 g., a} + 177-5°), dissolved in pure ether (50 c.c.), readily absorbed (2 hours) the 
calculated amount of hydrogen when treated similarly. The product, when hydrolysed and 
steam-distilled, furnished a liquid (14-8 g.) which yielded two fractions upon distillation in a 
vacuum: the first (3-3 g.), collected up to 90°/8-5 mm., consisted chiefly of /-A!-menthene ; 
the second (6-1 g.) had b. p. 90—93°/8-5 mm., n}* 1-4658. When esterified with 80% of the 
calculated amount of p-nitrobenzoyl chloride, the second fraction yielded a crude ester (6-5 g., 
[a]» + 56°) which could not be separated into its constituents by fractional crystallisation, 
owing to the formation of mixed crystals (m. p. 88-5°, [«]p + 87-2°). The unesterified part of 
the second fraction readily gave colourless needles of pure l-neocarvomenthyl 3 : 5-dinitro- 
benzoate, m. p. 129°, [a]p — 22-6° (c 2-0, chloroform), when the product of reaction with 3: 5- 
dinitrobenzoyl chloride was crystallised from alcohol (Found: C, 58-4; H, 6-3. C,,;H,,0,N, 
requires C, 58-3; H, 6-3%). The /-neocarvomenthol derived from this ester by hydrolysis had 
b. p. 90°/9 mm., ni} 1-4641, al® — 36-42°. The derived p-nitrobenzoate had m. p. 95°, [a] 
— 22-1° (c 2-0, chloroform). The mixture of alcohols obtained by hydrogenating d-trans- 
carveol in this way contained more than 30% of /-neocarvomenthol. 

(b) d-trans-Carveol (90 g., [a]? + 198-0°) was hydrogenated in methyl alcohol in presence 
of 2% palladised calcium carbonate. The reduction was more difficult than that of d-cis- 
carveol (see above), three successive treatments being necessary. Slight dehydration occurred 
during the process, a terpene fraction being obtained on distilling the crude product. The 
alcoholic fraction (97 g.) had ap — 12-25° (J = 1), njf’ 1-4658. Fractional crystallisation of the 
p-nitrobenzoate made from this material gave crude /-neocarvomenthyl p-nitrobenzoate (30 g.), 
m. p. 92—93°, [a]p — 1° (¢ 2-0, chloroform). The derived 3 : 5-dinitrobenzoate, after several 
recrystallisations, yielded pure /-neocarvomenthyl 3: 5-dinitrobenzoate (17 g.), m. p. 129°, 
[a]p — 22-0° (c 2-0, chloroform). /-neoCarvomenthol, obtained by saponifying this ester, 
had af” — 36-46° (J = 1), nj" 1-4642. The mother-liquors from the crystallisation of the above 
crude p-nitrobenzoate contained some /-isocarvomenthyl p-nitrobenzoate (see below). 

(4) Crude /-carvomenthone, obtained by hydrogenating d-carvone, was treated with alcoholic 
sodium ethoxide (J., 1934, 229) and then converted via /-carvomenthone oxime into d-carvo- 
menthylamine hydrochloride. The crude deamination product of this base (see above) was 
benzoylated; the distilled benzoyl derivative, b. p. 188—190°/15 mm., when saponified gave 
a mixture of carvomenthols having nj’ 1-4621, aj + 22-36°. Oxidation with Beckmann’s 
chromic acid mixture yielded a purified /-carvomenthone, having b. p. 98-5°/18 mm., jy" 1-4550, 
ap — 7:80° (loc. cit.). The crude mixture of alcohols obtained by reducing this ketone in the 
usual way (J., 1934, 235) with aluminium isopropoxide had b. p. 103—106°/18 mm., nj 1-4612, 
a; 6— 2-00°, thus corresponding to a mixture of about 57% d- and 43% /-neo-carvomenthol. 
When treated in pyridine with half the calculated quantity of p-nitrobenzoyl chloride, this 
yielded crude d-carvomenthyl p-nitrobenzoate, and the unchanged alcohol contained about 
69% l-neocarvomenthol. 

The unesterified alcohol had nj 1-4621, a? — 16-15°, and was shown to contain /-neo- 
carvomenthol. In reaction with p-nitrobenzoyl ‘chloride it furnished an ester which gave 
colourless leaflets of pure l-neocarvomenthyl p-nitrobenzoate, m. p. 95°, [a]p — 22-8° (c 2-0, 
chloroform), after four recrystallisations from alcohol (Found: C, 66-7; H, 7-5. C,,H,s0,N 
requires C, 66-8; H, 7-6%). 1-neoCarvomenthol, obtained by hydrolysing this ester with 5% 
methyl-alcoholic potassium hydroxide, had b. p. 102°/18 mm., 3?” 1-4632, d?” 0-9012, [Rz]p 
47-64 (calc. 47-70), aj! — 37-58°, [a]? — 41-70°. Itis a viscous liquid with a somewhat nauseous 
odour, reminiscent of d-irans-carveol and /-neodihydrocarveol; the vapour has a powerful 
mentholic odour when diffused in steam (Found: C, 76-5; H, 12-7. CypHg9O requires C, 
76-8; H, 12-9%). 

When oxidised with Beckmann’s mixture, /-neocarvomenthol yielded /-carvomenthone 
with af” — 8-02° (/ = 1), n}v° 1-4552. /-neoCarvomenthyl hydrogen phthalate is much less 
soluble in light petroleum than d-carvomenthyl hydrogen phthalate (see above); after four 
recrystallisations it was obtained in colourless needles, m. p. 123—124°, [a]p — 48-7° (c 2-0, 
alcohol). 

dl-neoCarvomenthol.—A solution of dl-trans-carveol (18 g.; J., 1934, 236) in a mixture of 
methyl alcohol (150 c.c.) and water (50 c.c.) was hydrogenated under a pressure of 4 atm. in 
presence of 2% palladised calcium carbonate (8 g.; cf. Busch, Ber., 1916, 49, 1063; 1929, 62, 
1458). After an induction period of 10 minutes, the calculated amount of hydrogen was absorbed 
in 50 minutes. The steam-distilled product (17-2 g.), apart from a small fraction containing 
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terpene (0-9 g., b. p. 65—105°/20 mm.), distilled completely at 105—109°/20 mm.; the distillate 
had nj** 1-4650. Hence, little dehydration occurred with this catalyst. 

The latter fraction (16-0 g.), when esterified in pyridine solution with half the calculated 
quantity of p-nitrobenzoyl chloride, yielded crude di-isocarvomenthy] p-nitrobenzoate (11-6 g.; 
see below). The unesterified alcohol had ?” 1-4629; the derived p-nitrobenzoate (19-0 g.), 
after being twice recrystallised from alcohol, yielded a fraction (5-6 g.) which retained its 
characteristics after further recrystallisation. This ester was regarded as pure dl-neocarvo- 
menthyl p-nitrobenzoate : it consisted of a bulky mass of light leaflets, m. p. 91—92° (Found: 
C, 66-6; H, 7-7. C,,H,,0,N requires C, 66-8; H, 7-6%). When hydrolysed in the usual way 
it yielded di-neocarvomenthol, a viscous liquid which did not solidify at — 12°; nj” 1-4637. 
The di-alcohol has the odour of the /-form, but in a milder degree; when vaporised, it has a 
pungent mentholic aroma. dl-neoCarvomenthyl 3 : 5-dinitrobenzoate crystallises from alcohol 
in small leaflets, m. p. 101°. 

1-isoCarvomenthol.—(1) When hydrogenated in presence of 2% palladised calcium carbonate, 
d-ivans-carveol (120 g.) yielded a mixture of /-neo- and /-iso-carvomenthol (3b, above). The 
mother-liquors from the recrystallisation of the p-nitrobenzoate derived from the original 
product of hydrogenation furnished a small quantity (6 g.) of fine, pale yellow needles, m. p. 
645°, [a]p — 27-3° (c 2-0, chloroform). The p-nitrobenzoate remaining after the removal of 
these needles and the crude /-neocarvomenthyl p-nitrobenzoate was saponified. The resulting 
alcohol (51 g.), having aj” — 10-85° (/ = 1), nj% 1-4660, was re-esterified with 3: 5-dinitro- 
benzoyl chloride in pyridine. Fractional crystallisation of the resulting ester from alcohol- 
ethyl acetate gave l-isocarvomenthyl 3 : 5-dinitrobenzoate (22-7 g.) in the form of stout, pale 
yellow needles, m. p. 111°, [a]p — 26-7° (c 2-0, chloroform) (Found : C, 58-7; H, 6-4. C,,H,,O,N, 
requires C, 58-3; H, 63%). Saponification yielded /-isocarvomenthol, b. p. 106°/17 mm.; 
ni 1-4683, n?” 1-4662; 3). 0-9133, d? 0-9109; aj®* — 16-14°, [a] — 17-72°; [Rz]p 47-54 
(calc. 47-70). This alcohol was more viscid than d-carvomenthol or /-neocarvomenthol, but it 
did not crystallise at — 25°; its odour is the most mentholic of all the carvomenthols. The 
derived p-nitrobenzoate, m. p. 64-5°, was identical with the fine, pale yellow needles described 
above. 

(2) In Part I of this series (J., 1934, 232), a supposed carvomenthylamine was mentioned, 
which gave a benzoyl derivative having m. p. 151—152°, [a]p — 38-8° (c 2-0, chloroform). 
Further work indicates that this was slightly impure /-isocarvomenthylamine (see below). 
Upon treatment with nitrous acid in the usual way, the hydrochloride of this base (7-6 g., 
[a]» — 11-8° in water) gave an oily product. When distilled, this yielded two fractions with 
the following characteristics: b. p. to 98°/21 mm., n* 1-4520 (1-5 g.); b. p. 988—105°/21 mm., 
n° 1-4598, ap» — 14-96° (1 = 1). The second fraction gave a solid 3 : 5-dinitrobenzoate (4-7 g.) 
having [a]p — 17-8° (¢ 2-0, chloroform); after two recrystallisations from alcohol, a fraction 
(0-35 g.) was obtained having [«]) — 25-5°, m. p. 107°, not depressed when the material was 
mixed with the above /-isocarvomenthyl 3: 5-dinitrobenzoate of m. p. 111°, [a]p — 26-7° 
(Found: C, 58-1; H, 63%). * 

dl-isoCarvomenthol.—Crude dl-isocarvomenthyl p-nitrobenzoate (11-6 g.) obtained in the 
hydrogenation of di-trans-carveol (see above), when twice recrystallised from alcohol, yielded 
di-isocarvomenthyl p-nitrobenzoate, m. p. 85-5°, in the form of hard prisms with a pale yellow 
tinge. When hydrolysed with hot 5% methyl-alcoholic potassium hydroxide, the ester gave 
dl-isocarvomenthol, b. p. 110°/20 mm., nj®* 1-4669, d?° 0-904. Although the alcohol became 
very viscous at — 12°, it did not solidify. dl-isoCarvomenthyl 3 : 5-dinitrobenzoate crystallised 
from alcohol in colourless leaflets, m. p. 94-5° (Found: C, 58-7; H, 6-5. C,,H,,0,N, requires 
C, 58-3; H, 63%). 

l-neoisoCarvomenthol.—As indicated above, d-cis-carveol, when hydrogenated in methyl 
alcohol in presence of 2% palladised calcium carbonate, yielded a mixture of carvomenthols 
from which nearly pure d-carvomenthol was isolated in the form of long, pale yellow needles 
of the 3: 5-dinitrobenzoate. The mother-liquors from this ester yielded fractions consisting 
of a mixture of needles and leaflets, which were partly separated by hand. Systematic recrystall- 
isation from alcohol yielded a small quantity (3-3 g.) of leaflets having [a]p — 15-6° (c 2-0, 
chloroform); a final recrystallisation gave large, five-sided leaflets with a pale greenish-yellow 
tinge, m. p. 71—72°, [a]p — 16-0°, which were regarded provisionally as ]-neoisocarvomenthyl 
3 : 5-dinitrobenzoate (Found: C, 57-9; H, 6-4. C,,H,,O,N, requires C, 58-3; H, 63%). The 
derived /-neoisocarvomenthol had a viscosity similar to that of /-isocarvomenthol, and it failed 
to solidify at — 25°. The odour was distinct from that of /-isocarvomenthol. The following 
constants were observed: nj® 1-4689, n2” 1-4676; d3p. 0-9127, d2% 0-9102; al?” — 31-70, [a]}” 
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— 34-7°; [Rz]p 47-66 (calc. 47-70). The derived p-nitrobenzoate was very soluble and given 
to supercooling: it separated from methyl alcohol in long, almost colourless needles, m. p. 
54—55°, [«]p — 23-7° (c 2-0, chloroform). It behaved as a homogeneous substance upon 
fractional recrystallisation (Found: C, 66-2; H, 7-4. C,,H,,;0,N requires C, 66-8; H, 7-6%). 

1-isoCarvomenthone.—When oxidised with Beckmann’s reagent, /-isocarvomenthol having 
[«]7®° — 17-72° yielded a limpid liquid resembling carvomenthone (J., 1934, 229) in odour and 
having the following physical constants: m}8* 1-4562, 2° 1-4558; d2” 0-9042; a3” — 51-12°, 
[a]5 — 56-5°. 

The oxime was a very viscid syrup which could not be obtained crystalline: it had [«]) — 79-5° 
(c 2-0, alcohol). When reduced with sodium in absolute alcohol, the oxime gave a base from 
which pure benzo-/-isocarvomenthylamide, m. p. 153°, was readily prepared; the crude hydro- 
chloride of this base had [«]p — 15-0° (c 2-0, water). 

l-isoCarvomenthone semicarbazone in the crude state had m. p. 166—172°, [a]p — 115-8° 
(¢ 2-0, chloroform); the microcrystalline powder obtained after three crystallisations from 
methyl alcohol had m. p. 171—172°, [«]p — 117-0° (Found: C, 62-7; H, 9-9. C,,H,,ON; 
requires C, 62-5; H, 10-0%). 

Some of the above ketone having «?” — 51-12° (1 = 1) was kept for 16 hours in cold alcoholic 
sodium ethoxide: the recovered ketone had a?” — 15-24°, [«]??” — 16-9°, and thus contained 
about 79% /-carvomenthone and 21% /-isocarvomenthone (cf. J., 1934, 229). 

l-isoCarvomenthylamine.—(1) This may be prepared by reducing the viscid oxime of /-iso- 
carvomenthone, as indicated above. 

(2) Syrupy material obtained as a by-product in the preparation of crystalline /-carvo- 
menthone oxime (J., 1934, 230, 232) had [a«]}”” — 48-0° (c 2-0, alcohol). When reduced (44 g.) 
with sodium in absolute alcohol, it yielded a basic product which formed a hydrochloride (39 g.) 
having [a]p — 7-2° (c 2-0, water). The derived hydrogen d-tartrate (57 g.) had [«]p + 8-1°. 
After 7 successive crystallisations from aqueous methyl alcohol (2: 1), this furnished opaque, 
satiny needles (3-1 g.) of an apparently hom ogeneous substance with m. p. 179°, [a]p + 5-3° 
(c 2-0, water), consisting presumably of 1-isocarvomenthylamine hydrogen d-tartrate (Found : 
C, 53-8; H, 9-2. C,,H,,0O,N, 0-5H,O requires C, 53-5; H, 9-0%). 

l-isoCarvomenthylamine, liberated from this salt, had b. p. 90°/15 mm., nj 1-4642, n> 
1-4611; d3° 0-8587; ap — 12-66°, [aJ]i®* — 14-7°; [Rz]p 49-55 (calc. 49-53). 

The hydrochloride had [a«]p — 14-3° (c 2-0, water); the acetyl derivative crystallised from 
acetone in transparent, fragile needles, m. p. 96°, [a]p — 57-4° (c 2-0, chloroform); the benzoyl 
derivative separated from ethyl acetate in large transparent needles, m. p. 153°, [a]p — 40-7° 
(Found: C, 78-5; H, 9-4. C,,H,,ON requires C, 78-7; H, 9-7%). 


We are indebted to the Purdie Fund of the University of St. Andrews for a grant to one of 
us (R. G. J.). 
THE UNIVERSITY, ST. ANDREWS. [Received, May 20th, 1935.] 
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w-Substituted Derivatives of 8-Methylquinoline. 


By WituiAM O. KERMACK, WILLIAM Murr, and Tuomas W. WicHrT. 


ANTIMALARIALS of the plasmoquin type contain a basic side chain attached in the 8-position 
of the quinoline nucleus through a nitrogen atom. It seemed desirable to prepare com- 
pounds in which the nitrogen atom of the basic side chain was separated from the nucleus 
by one carbon atom. In order to explore methods for the synthesis of compounds of this 
type, o- and p-nitrobenzyl chlorides were condensed with piperidine to yield respectively 
o- and p-nitrobenzylpiperidine (cf. Lellmann and Pekrum, Amnalen, 1890, 259, 46), from 
which by reduction (cf. West, J., 1925, 127, 494) o- and p-aminobenzylpiperidines were 
obtained. Application of the Skraup synthesis to these compounds afforded a small yield 
of the desired 8- and 6--piperidinomethylquinolines (I and II; R= NC,H,,). Both 
are oils but were conveniently purified as monopicrates. 

The second method of synthesis consisted in allowing 8-bromomethylquinoline, pre- 
pared by a modification of the method of Miiller and Lang (Diss., Freiburg, 1897 ; cf. also 
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Howitz and Nother, Ber., 1906, 39, 2709), to react with the appropriate secondary base ; 
e.g., from piperidine, 8-piperidinomethylquinoline was obtained as an oil which formed a 
picrate, m. p. 183°, giving no depression with the picrate of the base isolated from the 
Skraup reaction. 

Similarly from diethylamine, an oily base (I; R = NEt,) was obtained as hydrobromide 
C,,H,,N,,2HBr. Attempts to isolate this compound from the tarry product of the Skraup 
reaction performed on o-aminobenzyldiethylamine (cf. Noelting and Kregezy, Bull. Soc. 
chim., 1916, 19, 339) were unsuccessful. Aniline gave an anologous base (I; R = NHPh). 
With monoethylamine, the only product isolated was di(quinolyl-8-methyl)ethylamine 
(III; R = Et) as hydrobromide C,.H,,N3,3HBr; p-aminoacetanilide similarly gave a base 
(III; R = C,H,-NHAc). 

CH,R CH,'NR-CH, 
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(III.) 
EXPERIMENTAL. 

8-Piperidinomethylquinoline.—(i) From o-aminobenzylpiperidine. Boric acid (4 g.) dissolved 
in glycerol (25 g.) was mixed with o-aminobenzylpiperidine (12 g.), o-nitrobenzylpiperidine (9 g.), 
and ferrous sulphate (2-3 g., cryst.). Concentrated sulphuric acid (12 c.c.) was then added, and 
the contents heated to boiling and allowed to simmer for 20 hrs. The dark-coloured solution 
was steam-distilled, basified, and again steam-distilled. It was then extracted with ether 
several times, the extract washed with water, dried (potassium carbonate), and the ether re- 
moved. The oily residue did not crystallise, but yielded a somewhat tarry yellow picrate 
which, after numerous recrystallisations from alcohol, formed yellow needles, m. p. 179° (Found : 
C, 55-2; H, 4-7; N, 15-6. C,,H,,O,N, requires C, 55-4; H, 4-6; N, 15-4%). 

(ii) From 8-bromomethylquinoline. 8-Bromomethylquinoline (1 g.) was added to a solution 
of piperidine (1 g.) in benzene (6 c.c.), and the whole refluxed for 1 hr. The resulting solution, 
from which needles of piperidine hydrobromide had separated, was extracted with dilute hydro- 
chloric acid, and the extract basified. The oil separating was extracted with ether, the extract 
washed with water, dried, and the ether removed. The light brown oil was dissolved in alcohol 
and converted into a picrate. Recrystallised from alcohol, it formed yellow needles, m. p. 183° 
(Found : C, 55-0; H, 46%). This picrate was rather lighter in colour than that obtained as in 
(i), but a mixture of the two gave no depression of m. p. The oily base is readily soluble in the 
usual organic solvents. 

6-Piperidinomethylquinoline.—This was prepared from p-aminobenzylpiperidine (12 g.) 
and p-nitrobenzylpiperidine (9 g.) by the method (i) above, and the oily base converted into the 
picrate, which crystallised from alcohol as small prisms, m. p. 195—196° (decomp.) (Found : 
C, 55-0; H, 4-7; N, 15-2. C,,H,,0,N, requires C, 55-4; H, 4-6; N, 15-4%). 

8-Diethylaminomethylquinoline.—8-Bromomethylquinoline (2 g.) and diethylamine (1 g.) 
were refluxed in benzene solution (10 c.c.) in presence of potassium carbonate (2 g.) for 2 hrs. 
The oily base was isolated as in the analogous experiment with piperidine, and converted by 
means of alcoholic hydrogen bromide into the hydrobromide, which separated from alcohol 
as long, colourless, rectangular plates, m. p. 238—239° (Found: Br, 42-7. C,,H,,N,,2HBr 
requires Br, 42-6%). 

Di(quinolyl-8-methyl)ethylamine.—8-Bromomethylquinoline (2 g.), ethylamine (1-2 c.c. 
of 33% aqueous soln.), and alcohol (10 c.c.) were heated under reflux for 2 hrs., diluted with 
water, made strongly alkaline with sodium hydroxide, and the mixture extracted with ether. 
The extract was washed with water, dried, and the ether evaporated. The oily base obtained 
did not crystallise but was converted as before into a hydrobromide, which crystallised from alco- 
hol as colourless plates, m. p. 202° (Found: Br, 42-0. C,,H,,N;,3HBr requires Br, 42-1%). 
This was only moderately soluble in water, in contrast to the preceding hydrobromide. 

8-A nilinomethylquinoline —8-Bromomethylquinoline (2 g.) was added gradually to aniline 

2 g.). The mixture immediately deposited reddish-orange crystals which had formed a solid 
cake by the time the addition was complete. After 1 hr.’s heating on the steam-bath, the cake was 
dissolved in a little water, made alkaline with sodium carbonate, and steam-distilled. The 
dark brown oily residue, which solidified on standing overnight, crystallised from the minimum 
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of hot alcohol as light brown plates, m. p. 71—73° (Found: N, 11-7. C,,H,,N, requires N, 12-0%). 
This base is readily soluble in acetone, benzene, alcohol, chloroform, and ether, but only slightly 
soluble in dilute mineral acids. It forms a white crystalline hydrobromide. 

N-Di(quinolyl-8-methyl) -p-aminoacetanilide.—8-Bromomethylquinoline (2-2 g.) was added to 
a concentrated solution of p-aminoacetanilide (1-5 g.) in alcohol, and the whole refluxed for 
14 hrs. After cooling, the light yellow crystalline hydrobromide was filtered off, dissolved in 
hot dilute hydrochloric acid, and basified; a rose-coloured precipitate was obtained, which, 
when recrystallised from alcohol, yielded ruby-coloured plates, m. p. 236—237° (Found : 
N, 13-0. C,,H,,ON, requires N, 13-0%). The base is sparingly soluble in dilute mineral acids, 
acetone, alcohol, and chloroform, but insoluble in benzene and ether. 


We thank the Carnegie Trust for the Universities of Scotland for a scholarship (to W. M.), 
and the Department of Scientific and Industrial Research for a grant (to T. W. W.). 


RESEARCH LABORATORY, ROYAL COLLEGE OF PHYSICIANS, 
EDINBURGH. [Received, May 25th, 1935.] 





270. The Lactone of y-Hydroxyvinylacrylic Acid, Protoanemonin. 
By FREDERIC B. KIPPING. 


By steam-distillation of Ranunculus japonicus and subsequent extraction of the distillate 
with ether or chloroform an exceedingly vesicant oily substance can be isolated; this was 
investigated by Asahina (for references, see Asahina and Fujita, Acta Phytochim., 1922, 1, 1; 
Chem. Zentr., 1922, 3,712), who showed that it polymerised to anemonin, and it was there- 
fore designated protoanemonin. Asahina (loc. cit., p. 19) has also shown that when proto- 
anemonin in methyl-alcoholic solution is reduced with sodium amalgam and acetic acid 
it gives a neutral liquid (II), b. p. 190°, which by treatment with alkali, yields levulic acid 
(III) ; from this fact and from the relationship of protoanemonin to anemonin, the constitu- 
tion of which had been determined (V), it was concluded that the former is (I). 


CH,-CO-CH:CH CH,:C-CH:CH CH,-C:CH-CH, CHyCO-CH, CH, 
CoH * ato” o—to ~” O,H 
(IV.) (lL) (II.) (III.) 
ema 
CHyC-CH:CH-CO y, 
CH,*C-CH:CH-CO 
SESE, Es 


This structure was subsequently assigned to a totally different substance by Muskat, 
Becker, and Lowenstein (J. Amer. Chem. Soc., 1930, 52, 326, 812), who found that vinyl- 
acrylic acid dibromide (y3-dibromo-As-pentenoic acid) and the corresponding dichloride 
decomposed on distillation under reduced pressure, yielding a lower-boiling fraction from 
which, after standing, a solid, m. p. 143° (solidifying again at 162°), was readily isolated. 
The analytical data and molecular-weight determinations in boiling acetone for this sub- 
stance (called, for convenience, Muskat’s lactone) agreed with the formula C,H,O,: it 
dissolved slowly in alkali, showing an equivalent weight of 96, and the product of hydrolysis 
gave a hydrazone, m. p. 160° (decomp.), which was assumed to be that of 8-acetylacrylic 
acid (IV). On the basis of these results, the authors assigned the structure (I) to Muskat’s 
lactone without apparently being aware of Asahina’s work on protoanemonin. The 
physical properties of protoanemonin and of Muskat’s lactone show at once that they are 
different compounds and cannot both be represented by formula (I). 

First, therefore, protoanemonin was reinvestigated, and as it is such an exceedingly 
disagreeable compound which polymerises readily, all experiments were carried out on the 
crude material. It was easily reduced by hydrogen in the presence of platinum, yielding 
mainly n-valeric acid with some y-valerolactone, the volume of hydrogen absorbed corre- 
sponding roughly with that required for the reduction of (I) to valeric acid (3 mols.). Proto- 
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anemonin showed the slow neutralisation with alkali characteristic of lactones, but it 
could be titrated in aqueous-acetone solution, the results being in rough agreement with 
formula (I). From the resulting liquid, B-acetylacrylic acid was isolated, and its hydrazone 
prepared; the identity of this acid was further proved by reducing it catalytically to 
levulic acid, identified by means of the hydrazone and semicarbazone. 

These results show conclusively that protoanemonin is correctly represented by (I). 
Muskat’s lactone was therefore prepared; the solid obtained from vinylacrylic acid di- 
bromide showed a m. p. slightly higher than that recorded by Muskat, and did not depress 
the m. p. of anemonin. Molecular-weight determinations in boiling acetone gave values of 
215, and not 86 as found by Muskat. With hydriodic acid, dilevulic acid was formed 
(loc. cit., p. 27), identical with that obtained from anemonin and with a synthetic sample 
(Diels and Alder, Annalen, 1931, 486, 218): the various samples of this acid all gave 
identical semicarbazones. 

There can be little doubt, therefore, that Muskat’s lactone was, in fact, anemonin, as 
it seems certain that the substance dealt with here is identical with that obtained by him. 


EXPERIMENTAL, 


Two species of ranunculus were examined, rvanunculus hirsutus and r. bulbosus, the former 
being treated in November and the latter in May and June; the results were the same in each 
case, except that the yields of protoanemonin were higher in the summer months. The plants 
were steam-distilled in lots of about 10 Ibs., 2 1. of distillate being collected. This was saturated 
with salt, extracted with ether, the extract dried (sodium sulphate), and the ether removed, 
the last portion under reduced pressure; protoanemonin was thus obtained as a colourless, 
exceedingly vesicant and lachrymatory oil. 

Reduction of Protoanemonin.—The residual oil was dissolved in alcohol and reduced with 
hydrogen and platinum (‘‘ Organic Syntheses,”’ Vol. 8, 92) : in a typical experiment the oil from 
about 30 Ibs. of r. bulbosus with 0-5 g. platinum oxide absorbed 16 1. of hydrogen during 1} hrs. 
The platinum was removed, and the liquid fractionated in a vacuum; after the alcohol had 
distilled, nearly the whole of the residue boiled at 90—91°/21 mm., 184°/756 mm., and weighed 
24 g., corresponding with 34 g. per g.-mol. of hydrogen absorbed [Found, in various samples : 
equiv., 120—130 (by titration); 101 (by Ag salt); M (Victor Meyer), 98. Calc. for valeric acid: 
equiv. and M, 102]. In some cases, reduction ceased before the requisite amount of hydrogen 
had been absorbed, presumably owing to poisoning of the platinum, but was completed by 
addition of more catalyst. 

The anilide crystallised from light petroleum (b. p. 60—80°) in needles, m. p. and mixed m. p. 
with n-valeranilide 61—62°; the p-toluidide was similarly obtained in plates, m. p. and mixed 
m. p. with n-valero-p-toluidide, 72—73°. 48 G. of the liquid reduction product were dissolved 
in excess of sodium carbonate, and the solution extracted exhaustively with ether; the recovered 
valeric acid had equiv. 105 (by titration). From the dried ethereal extract, a neutral substance 
(5 g.), b. p. 200—203°, was isolated [Found: C, 59-6; H, 8-0; equiv., 98-5 (by back titration). 
Calc. for C,H,O, : C, 60-0; H, 8-0%]. These figures agree with those required by y-valerolactone, 
and the presence of this substance probably accounts for the high equivalent of the valeric 
acid when determined by direct titration, as the lactone is not affected by alkali under the con- 
ditions used. 

In some experiments, a residue remained after the distillation of the crude valeric acid; 
this crystallised easily from alcohol, m. p. and mixed m. p. with tetrahydroanemonin prepared 
by catalytic reduction of anemonin (ibid., p. 35), 156°. This is doubtless formed by polymeris- 
ation of the protoanemonin to anemonin before reduction. 

In order to make certain that no changes take place during the steam distillation, the 
expressed juice of r. hirsutus was extracted with ether; the extract was apparently the same as 
before. . 

Hydrolysis of Protoanemonin.—The crude protoanemonin was dissolved in a little acetone, 
and water added; titration with N-sodium hydroxide could then be carried out fairly rapidly 
at about 60° with a relatively sharp end-point; there was practically no free acid present. The 
quantity of protoanemonin present as thus determined agreed to within 2—4% with that 
calculated by the hydrogen absorbed in the catalytic reduction. After removal of the acetone 
from the product, the solution was extracted with ether to remove neutral impurities, acidified, 
saturated with salt, and exhaustively extracted with ether; the product on evaporation of the 
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ether crystallised from benzene in needles, m. p. 125—126°; phenylhydrazone, m. p. 165° 
(B-acetylacrylic acid has m. p. 125°; phenylhydrazone, m. p. 169°). It was easily reduced by 
hydrogen and platinum in alcoholic solution, giving a liquid product which yielded a phenyl- 
hydrazone, m. p. 108°, and a semicarbazone, m. p. 189—190°, the m. p.’s of which were not 
depressed by admixture with the authentic derivatives of levulic acid. 

Muskat’s Lactone.—Vinylacrylic acid was prepared and brominated according to Muskat’s 
method ; small quantities of the dibromide appeared to distil unchanged under reduced pressure, 
but when the product from 13-5 g. of vinylacrylic acid was distilled at 5 mm., a low-boiling 
first fraction was obtained, which deposited crystals after two days. After being washed with 
ether, this substance had m. p. 147—-149°, and after crystallising from alcohol (needles or prisms), 
m. p. 151—152°, resolidifying at ca. 175—185° (M, in boiling acetone, 229, 203, 204, 230. Calc. 
for anemonin : 192). Three different mixtures with anemonin showed no depression of m. p. 

Dilevulic acid (yy’-diketosebacic acid) was prepared from this substance and from anemonin 
by means of hydriodic acid (Asahina, Joc. cit., p. 27): m. p. and mixed m. p. ca. 150°; disemi- 
carbazone, m. p. 183—184°. It was also prepared from pyrrole and maleic anhydride; m. p. 
152—158°; disemicarbazone, m. p. 183—184°. Mixtures of any two of the three specimens of 
semicarbazones showed no depression of m. p. The low m. p. of the dilzvulic acid from ane- 
monin may possibly be accounted for by contamination with unchanged anemonin. The 
anemonin used in this work was very kindly given by Mr. Shearer: it had m. p. 151—152°, 
resolidification 175—185° (M, in boiling acetone, 192, 187). 


My thanks are also due to Mr. C. Wright for growing supplies of ranunculus, and to Mr. 
W. Hall for invaluable help in the laborious extraction of protoanemonin. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, July 3rd, 1935.] 
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The Formation of Quaternary Ammonium Salis in Benzene Solution. 


By C. A. WINKLER and C. N. HINSHELWOooD. 


THE speed of a chemical reaction may be expressed in the form PZe“/“", where Z is the 
collision number, E the activation energy, and P a probability factor nearly independent 
of temperature. The magnitude of P varies over a very wide range, being of the order 
10-8 for some bimolecular reactions and of the order unity for others (for references, see 
this vol., p. 587). We may expect to obtain some information about the relative im- 
portance of P and E, and about the cause of the wide variation in P, by studying a series 
of related reactions. The reaction between tertiary amines and alkyl halides, of the general 
type R,N + R’X = R,R’NX, is a suitable bimolecular reaction for the purpose. It 
was studied first by Menschutkin (Z. phystkal. Chem., 1890, 6, 41), and frequently since, 
but the available data are not of the kind necessary for a systematic investigation of the 
relations of P and E to the structures or polarities of the reacting molecules. Accordingly, 
we have made a study of the variations of E and P when the nature of the tertiary base, 
of the halogen atom, or of the alkyl group in the halide is changed. 

Measurements have been made for 12 reactions, with benzene as solvent, at a series 
of temperatures. The experimental method was essentially that of Menschutkin, the 
reactants being sealed up in small glass tubes and heated in thermostats (electrically 
controlled baths, specially constructed boiling-liquid thermostats, or cryostats in Dewar 
vessels). The progress of the reaction was followed by estimation of the ionisable halogen 
(Volhard method). With benzene as solvent, no difficulty was found with the titration, 
since the alkyl halide stayed in the benzene, and the ionisable halide readily passed into 
the aqueous layer. ‘ Analar’’ benzene was employed, and the various reactants were 
fractionated to constant b. p. in an all-glass apparatus. Solutions were made by weight, 
and were usually N /5 before mixing, or N/10 in the actual reacting system, since equivalent 
quantities were always used. The temperatures were standardised by N.P.L. thermo- 


meters. 
Velocity constants were corrected for the expansion of the solvent with temperature. 
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The numbers in Table I illustrate the type of bimolecular constant found; ¢ is the time 
in minutes, x the °% change, and k’ the bimolecular constant (g.-mol./l./sec.), uncorrected 


/ 


for the expansion of the solvent; a is the initial concentration of amine and of halide. 


Pyridine and ethyl iodide at 
100°; a = 0°10. 


t. x. kx 104. 
179 12°60 1°27 
420 24:0 1°25 
737 35°0 1°22 
1054 44°5 1°27 
1530 53°0 1°22 
2497 65°5 1:27 
4020 750 1°24 


Pyridine and ethy! iodide. 


Temp. & x 10°. 
80°5° 4:17 
99°7 13°8 

118-2 32°7 

139°3 107 


Pyridine and izsopropy] iodide. 


Temp. hx WO. 
80°6° 2°68 
99°7 10-0 

117°7 30°3 

139°4 124 

Quinoline and methyl iodide. 

Temp. k x 104. 
80°5° 1-21 
99°8 3°62 

119°2 9°10 

139°4 15°7 
Trimethylamine and n-propyl 
bromide. 

Temp. kx 16. 
80°5° 1:78 
99°7 4°26 
117°6 8°76 
139°4 19°6 


TABLE I. 


Trimethylamine and n-propyl 
bromide at 139°4°; a = 0°10. 


t. % k x 10%, 
13 11:2 1°62 
34 25°7 1-70 
59 36°7 1°64 
120 55°2 171 
TABLE II. 
Triethylamine and methyl iodide. 
Temp. k x 104. 
4°4° 4°35 
13°5 8°13 
25°0 15°4 
40°0 32:1 
Trimethylamine and methyl 
iodide. 
Temp. k x 10. 
4°4° 6°00 
16°0 11°5 
25°0 18°5 
40°1 37°1 
Pyridine and n-propyl iodide. 
Temp. k x 105, 
80°6° 1°47 
99°7 4°84 
117°7 12°3 
139°4 39°6 


Trimethylamine and ethyl iodide. 


Temp. k x 104. 
25°0° 2°12 
40°1 5°26 
80°6 43°9 


Trimethylamine and methyl 
iodide at 4°4°; a = 0°01667. 


t. Si kx 10°. 
22 13°8 73 
34 18°0 6°5 
53 24°3 61 
73 30°3 6:0 
170 50°5 6:0 


Pyridine and methy] iodide. 


Temp. k x 10°. 
40°1° 3°38 
80°5 52°4 
99°6 131 
117°2 328 


Pyridine and n-propyl! bromide. 


Temp. k x 108. 
80°6° 2°82 
99°7 10°1 

117°7 25°0 

139°4 78:2 

Pyridine and ethyl bromide. 

Temp. k x 108. 
80°5° 7°25 
99°8 24°9 

118°5 68°5 

139°4 210 

Trimethylamine and n-propyl 
iodide. 

Temp. k x 104. 
40°0° 1:20 
80°6 9°95 
99°7 21°9 


In Table II are given the velocity constants for the various temperatures, all corrected 


for expansion of solvent. 


Discussion of the Results. 


In all cases the Arrhenius equation is satisfactorily obeyed. 


The most convenient way of representing the results is to plot log & for a given tem- 


perature against E. 


If for two reactions the difference in velocity is due entirely to a 


difference in E, then the line joining the two corresponding points on the diagram will 


have the slope 2-303RT, which it will be convenient to call the standard slope. 


If. the 


line is steeper than this, then the value of P is greater for the slower reaction, while if the 
By reading off the distance of any point from a line of 
the standard slope passing through another point, one can see at a glance how much of 
the change in velocity has been due to the change in E and how much to that in P. 

In Table III are tabulated the values of E and of logy 2,99 for all the reactions studied, 
together with the values for the reaction of triethylamine and ethyl iodide in benzene 


line is less steep it is smaller. 


(Grimm, Ruf, and Wolff, Z. physikal. Chem., 1931, B, 18, 299). 


revealed by these results may be stated as follows. 
The most important factor determining the variation in velocity (which covers a | 


The significant facts 
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104—105-fold range) is the energy of activation. If all the results are plotted on a single 
diagram, there is evident a well-defined tendency for the points to group themselves in 
the neighbourhood of a line of the standard slope. 
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15,000 NMe, Mel 4°56 8,790 
NEt, Mel 3°55 9,300 
NMe, Pre] 2°35 11,200 
NMe, EtI 3-01 11,400 
aj NEt, EtI 2-60 11,400 
NMe, Pr¢Br 1°63 11,700 
> C,H,N Mel 2°15 14,250 
1,000 C,H,N Mel 1°55 14,350 
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Thus we may say that the low value of P, which is of the order 10-°—10-8, is a character- 
istic of all the reactions of the general type we are studying. 

Nevertheless, there are certain definite regularities detectable in the changes of P 
produced by varying one or other of the reacting substances. Although these variations 
are not great in comparison with the total range of variation of the reaction velocity, it 
may be useful to consider them carefully, since their relation to the structures or polarities 
of the reacting molecules may, at least, give important indications of the factors upon which 
the absolute magnitude of P depends in general. 
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(1) As shown by Fig. 1, the change in velocity on passing from the methyl halide to 
the ethyl halide is a matter principally of the activation energy. In passing further to 
the n-propyl halide, the change of activation energy is less important, but a marked fall 
in P occurs. These statements apply both to the reactions of pyridine and to those of 
trimethylamine. The fall in P on passing from the ethyl halide to the propyl halide is 
observed both for the iodides, as shown in Fig. 1, and also for the bromides, as shown in 
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Fig. 3. On passage from ethyl to isopropyl iodide there is a marked increase in E and no 
serious change in P. 

(2) The decrease in reaction velocity between the aliphatic tertiary amine, trimethyl- 
amine, and pyridine is principally determined by the change in activation energy. 

(3) On the other hand, the difference between trimethyl- and triethyl-amine is largely 
due to the change of P. This is shown in Fig. 2 for the reactions with both methyl iodide 
and ethyl iodide. 

(4) On passing from pyridine to quinoline, there is a noticeable fall in P. 

(5) Fig. 3 shows that the smaller speed of reaction of the bromides compared with the 
iodides is largely a matter of the smaller P value. This somewhat unexpected result is 
exemplified three times. 

Taking the results as a whole, we suggest the following conclusions. There is a large 
fall in rate on passing from the aliphatic tertiary amines to pyridine. This is mainly due 
to the increase in energy of activation. The ease of reaction is evidently connected with 
the basic strength and the availability of the unshared electron pair of the nitrogen. Thus 
the energy of activation is the appropriate quantity by which to judge the reactivity of 
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this electron pair. This conclusion is supported by the fact that changes in the reactivity 
of aniline with benzoyl chloride, due to substituents which change the basic strength of 
the amine, are also measured by the changes in the activation energy. 

The fall in P on passing from pyridine to quinoline is definite, though not very great, 
and can easily be explained by geometrical considerations, the clumsy appendage formed 
by the second ring decreasing the probability of suitably orientated collisions. 

There is no marked increase in activation energy between trimethyl- and triethyl- 
amine, and we may suppose that the change in the availability of the electron pair is not 
great. There is a definite fall in P. Once again, it seems not unreasonable to attribute 
this to a decreased probability of favourably orientated collisions, the lengthening of each 
of three hydrocarbon chains making favourable orientation more difficult. 

In so far as the replacement of one alkyl group by another leads to changes in the 
strength of the carbon—-halogen bond, we should expect changes in rate to be correlated 
with changes in activation energy. This is what is found for the methyl and ethyl com- 
pounds. On proceeding to the m-propyl compounds, it is not surprising that no further 
very marked increase in activation energy occurs, since successive additions to a chain 
usually have less and less effect. The definite falling in P which now occurs is parallel 
with that found on going from the methyl- to the ethyl-amine, and may be the result of 
adverse geometrical conditions caused by the longer chain. That this makes itself felt 
between methyl and ethyl with the amines, and only between ethyl and propyl with the 
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halides, may easily be accounted for by the fact that in the former case there are three 
chains and in the latter one only. That the point corresponding to the isopropyl com- 
pound appears to lie more or less on the standard line may be due to the fact that the 
additional methyl group will exert a stronger polar influence on the iodine-carbon bond 
in ésopropyl iodide than it can in the »-compound. Thus it influences the activation 
energy more effectively. 

The influence of the nature of the halogen atom on P is in some respects the most 
interesting of the results. The decrease on replacing iodine by bromine, although not 
very great, is definite and consistent. It cannot be accounted for by a change in the 
collision frequency, which would indeed be slightly greater for the bromides, nor is it 
likely that the somewhat smaller size of the bromine can account for the effect in a geo- 
metrical way. It seems rather that there is some quality of the iodine atom which makes 
a favourable energy transfer on collision more probable than with bromine, leading more 
often to a direct critical activation of the molecule. Some such property as the polaris- 
ability of the iodine may be concerned, but without deciding that question, we may still 
point out the analogy between the effect now observed and the great efficiency of iodine 
molecules in catalytic collisions with aldehyde molecules in gas reactions. If this point 
of view is a correct one, it gives a significant indication of the conditions which determine 
whether P in general is great or small. There must be a mutual interaction of the colliding 
molecules favouring such an energy transfer that immediate critical activation of the 
molecule is possible (see this vol., p. 1111). This condition will naturally be modified to 
some extent by any change whatever in the nature of the reacting molecules, and so may 
be superposed on any of the factors considered earlier in this discussion. A separation 
of the various influences into quite independent factors is naturally to some extent arbitrary. 


We are indebted to Imperial Chemical Industries, Ltd., for grants for the purchase of 
apparatus and materials. 
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272. Free Radicals and Atoms in Primary Photochemical Processes. 
The Photodissociation of Aliphatic Aldehydes and Ketones. 


By Tuomas G. PEARSON and RONALD H. PURCELL. 


It was recently shown (J., 1934, 1718) that, during the photodissociation of acetone, 
methyl ethyl ketone, and diethyl ketone, free radicals were formed which attacked mirrors 
of antimony, tellurium, and lead, yielding unpleasant-smelling liquids similar in all respects 
to metal alkyls, although with the technique then available it was impossible to identify 
them unambiguously. It was indicated that the radicals from acetone were probably 
free methyl: they had a half-life period of 5-3 x 10° sec., in good agreement with the 
58 and 5-2 x 10° sec., obtained respectively by Paneth and Hofeditz (Ber., 1929, 62, 
1335) and Paneth, Hofeditz, and Wunsch (this vol., p. 375). 

We now find that the radicals from the photolysis of acetone are indeed free methyl, and 
react with tellurium to form dimethyl telluride and ditelluride; with mercury to form 
dimethylmercury, identified as methylmercury bromide; and with arsenic to give trimethyl- 
arsine, identified as its monomercurichloride. Diethyl ketone gives ethyl, which combines 
with arsenic to yield triethylarsine, identified as its dimercurichloride. 

The great difficulty of identifying minute quantities of radicals in the presence of a larger 
amount of condensable vapour led us to examine in some detail the various methods 
proposed for this purpose. Rice, Johnston, and Evering (J. Amer. Chem. Soc., 1932, 54, 
3529; 1934, 56, 2105) allowed the radicals to combine with mercury, and passed the result- 
ing mercury dialkyls into mercuric chloride or bromide solution. The mixture of mercury 
halide with methyl and ethyl mercurihalides was then separated into its constituents by 
vacuum sublimation. We confirm that the reactions are quantitative, and the separation 
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effective, but we abandoned the method because mercury diffused into the heated or ir- 
radiated zones. For the same reason, the use of iodine and carbon tetraiodide (Simons 
and Dull, ibid., 1933, 55, 2696) is questionable, although, in agreement with Willstatter and 
Utzinger (Annalen, 1911, 382, 148), the alkyl iodides, even in minute amounts, could be 
identified as the tetra-alkylammonium iodides, or even more conveniently, after reaction 
with dimethylaniline, as the phenyltrialkylammonium iodides. The formation of sodium 
alkyls (Simons and Dull, Joc. cit.), followed by treatment with alcohol and identification of 
the resulting hydrocarbon, suffers from disadvantages: the hydrocarbons formed are 
difficult to characterise, and not only does sodium readily attack quartz, but it is difficult 
to preserve its surface in an untarnished, reactive condition. The separation by fractional 
distillation or condensation of the liquid alkyls of zinc (Paneth and Hofeditz, Ber., 1929, 
62, 1335), antimony, and arsenic (idem, ibid.; Paneth and Loleit, this vol., p. 366) was 
not suited to the immediate problem, since sharply-cut fractions could not be obtained in 
the presence of large excesses of ketone. 

It was evidently desirable to devise an apparatus in which the ketone could be used a 
number of times, with consequent accumulation of the yields. The fixing of the metal 
alkyls as non-volatile addition products with mercuric chloride proved satisfactory. We 
find that, like those of arsenic, both antimony and tellurium alkyls form compounds by the 
direct addition of mercuric halides, but since only the compounds with arsenic have been 
described by other workers (Trochimovski, Buezvinski, and Kwapiszewski, Rocz. Chem., 
1928, 7, 423; Challenger, Higginbottom, and Ellis, J., 1933, 95; Challenger and Ellis, 
this vol., p. 396), we preferred to use them. Alkylarsines combine quantitatively with 
mercuric chloride to yield compounds which may be recrystallised from hot water, and the 
methyl derivatives sublime in a vacuum without decomposition. The ethyl analogues 
decompose during sublimation, and the simultaneous action of different alkyl radicals 
produces a mixture of trialkylarsines of which mercurichlorides are difficult to separate. 

The formation of the red liquid dimethyl ditelluride, advocated by Rice and Glasebrook 
(J. Amer. Chem. Soc., 1934, 56, 2472) and Rice and Dooley (ibid., 1935, 57, 2747) for the 
identification of methy] radicals, is satisfactory, but occurs only when hot tellurium mirrors 
are employed, and even then is accompanied by dimethyl telluride. In the cold, the latter 
is the main product. This phenomenon is reminiscent of Paneth and Loleit’s finding 
(loc. cit.) that, whereas at low temperatures methyl radicals react with arsenic and antimony 
to form the trimethyl compounds, yet high temperatures favour the production of the more 
highly condensed cacodyls. It is suggested that the higher temperature allows the volatilis- 
ation of dimethyl ditelluride before additional radicals are able to produce dimethy] telluride. 

In the earlier work (loc. cit.) metallic mirrors were not attacked by the products from 
photolysing acetaldehyde. We now find that free radicals are nevertheless present, and 
the previous failure to observe them was due to the protection of the mirrors by a film of 
polymerised aldehyde ; for if, ¢.g., tellurium mirrors are heated to such a temperature that 
the polymeride cannot deposit, they are readily removed, with the formation of methyl 
tellurides. Leermakers (J. Amer. Chem. Soc., 1934, 56, 1537) has shown that above 80° the 
photolysis of acetaldehyde is a chain reaction which may be induced and propagated by 
the methyl radicals from photolysing acetone. In subsequent experiments, therefore, 
we cooled the irradiated portion of the tube, and restricted the heating to the immediate 
neighbourhood of the mirrors, which were completely removed, so that, even if the radicals 
which reached them were the secondary products of a chain reaction, this at least had been 
initiated by radicals formed at the room temperature. 

Under identical conditions of temperature, pressure, and irradiation, we find that acetone 
produces 2-07 times as many radicals as acetaldehyde, which implies (see p. 1156) that, in 
the photolysis of equivalent quantities of these compounds, 6 times as many radicals 
participate in the former process as in the latter. Although this value is approximate 
(see p. 1156), its order must be correct, and it confirms Norrish’s view (Trans. Faraday Soc., 
1934, 30, 107) that there is a fundamental difference in the photolysis of ketones and 
aldehydes, the former decomposing essentially by way of radicals : 


R,CO —> R: + R-CO; R-‘CO-—> R- + CO; 2R-—> R,; 
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and the latter giving a hydrocarbon and carbon monoxide in one primary act : RCCHO —> 
RH + CO. Terenin (Nature, 1935, 135, 543) has shown that such a primary process as 
that suggested for aldehydes is not impossible. Nevertheless, the alternative mode of 
decomposition of aldehydes which proceeds via free radicals plays a definite, though less 
important, rdle even at room temperature. The findings are, therefore, also in harmony 
with Leermakers’s conclusions (Joc. cit.) that radicals participate in the dissociation of alde- 
hydes, setting up chains so that the quantum yield is as high as 300 at 309-5°. At room 
temperature, however, where the quantum yield from the chain reaction falls to 0-03, 
against an over-all yield of 0-20, their influence is but slight. 

Finally, the results accord with the small quantities of hydrogen present in the final 
products from the photolysis of aldehydes. Thus, Leighton and Blacet (J. Amer. Chem. 
Soc., 1932, 54, 3165 ; 1933, 55, 1766) detected it in the products from butaldehyde and found 
about 5% in those from propaldehyde, and Leermakers (loc. cit.) obtained 3% from acetalde- 
hyde, quantities of the order to be expected from the 17% of aldehyde which yields free 
radicals (RCCHO —> H- + RCO; RCO-—> R- + CO; 2H: —~> H,; 2R:——> R,). 


EXPERIMENTAL. 


Acetone (‘‘ AnalaR,”’ or from the sodium iodide compound) was dried over anhydrous sodium 
sulphate, or quickly over phosphoric anhydride, and fractionated in a high vacuum. Diethyl 





ketone (B.D.H.) was fractionated in a 2’ 6” bead-column, and the fraction of b. p. 100-8—-101-4° 
transferred to the apparatus, wherein it was again fractionated ina high vacuum. Acetaldehyde 
was prepared by warming pure liquid paraldehyde with 2 drops of dilute sulphuric acid in an 
all-glass apparatus fitted with a 2’ 6’ bead-column. The portion distilling between 21° and 22° 
was refractionated through the same column, the fraction of b. p. 21-2° being collected and 
refractionated in a high vacuum. 

The apparatus previously used (/oc. cit.) was modified (see Fig. 1) to allow of (a) the circulation 
of the ketone so that a small quantity could be repeatedly irradiated and the alkyls accumulated, 
(b) the fractionation of original liquids or the products from the experiments, and (c) two different 
liquids being passed successively through the apparatus without exposure to the air. In a 
typical experiment, the previously fractionated acetone was frozen out in J, and the apparatus 
completely evacuated. The acetone was melted to release dissolved and imprisoned gas, 
T, and T, were closed, and the acetone fractionated between F,G, and H. The head and tail 
fractions were distilled back into J, T, was closed, and the acetone removed from J, which was 
then charged with 0-2 g. of mercuric chloride, replaced in the system, and evacuated by suitable 
manipulation of the taps. The purified acetone was then distilled into J and allowed to warm 
to room temperature in order to dissolve the mercuric chloride, and thus provide for its distribu- 
tion over the surface of J on subsequent evaporation of the solvent. An arsenic mirror of 
suitable dimensions was formed at Y from the metal contained in the depression Z. The 
quartz tube was swathed in wet cotton wool, except the length PQ of 10 cm., in which the vapour 
was to be exposed to the unfiltered radiation from two hot quartz mercury-vapour arcs (220 
volts; 3 amps.) operating 1—2 cm. on opposite sides of the tube. The pressure of acetone 
vapour was adjusted by means of the combined aid of the tap T, and the capillary D, and the 
vapour irradiated by striking the arcs. After the whole of the acetone had passed through the 
tube and collected in the liquid-air trap B, the arcs were extinguished, T, was closed, and the 
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whole of the condensate distilled back into J via T,; T, was then closed, the contents of J allowed 
to warm to room temperature, and after the lapse of a period to permit the complete formation 
of the mercurichloride, the cycle of operations was repeated until a suitable quantity of this 
compound had been accumulated (usually ten runs). 

The Photolysis of Acetone.—Arsenic mirrors. The mercurichlorides from 7 runs with acetone 
over arsenic mirrors were freed from acetone by vacuum distillation, extracted with 7 ml. of 
boiling water, filtered, and set aside to crystallise. The crystals were filtered off, washed with 
several small quantities of water, and dried at room temperature in a vacuum desiccator over 
calcium chloride. The m. p.’s of two small portions were determined by a micro-method; 
melting commenced at 165° and was complete at 210°. The material was then fractionally 
sublimed in a vacuum and behaved as pure trimethylarsine mercurichloride (transition temp. 
184°, m. p. 223—225°). An authentic specimen, recrystallised from hot water and sublimed 
under identical conditions, had transition temp. 184°, m. p. 224—226°. A mixture of equal 
parts of the two specimens was completely sublimed on to a cover-slip (transition temp. 184°, 
m. p. 224—226°). 

Antimony mirrors. The products condensed in the liquid-air trap were evil-smelling liquids, 
completely deodourised by mercuric chloride. Attempts to separate the liquids by fractional 
distillation were unsuccessful, since the products appeared to distil with the acetone vapour. 
It was clear, however, that there were two liquids present, the more volatile being colourless, 
and the less volatile yellow, at liquid-air temperature. With heated mirrors, the latter compound 
was formed in abundance, and condensed in a yellow ring above the liquid-air level. It had the 
property of bisdimethylantimony of changing from a red solid to a pale yellow liquid just below 
the room temperature (m. p. 17-5°), whereas on cooling in liquid air the colour was lighter than 
that at the room temperature (Paneth and Hofeditz, this vol., p. 366). 

Tellurium mirrors. Cold tellurium mirrors yielded a pale yellow liquid after removal of 
acetone by fractional distillation; it had b. p. (micro) 84—94°, and exhibited the persistent 
nauseating odour of dimethyl telluride (b. p. 92°). In certain experiments with hot mirrors 
(100—200°), a non-volatile red oil with all the properties of dimethyl ditelluride was obtained. 

Mercury. For examining the reaction of the radicals with mercury, we used an all-glass 
modification of Rice’s apparatus (Tvans. Faraday Soc., 1934, 30, 167). The quartz tube was 
led into it by way of a tightly-fitting sleeve-joint sealed with picein. The products were passed 
into a trap containing mercuric bromide cooled in liquid air. At the conclusion of the run, the 
products in the trap were allowed to attain room temperature, and after standing for a suitable 
period, the acetone was distilled off, and the solid residue fractionated by vacuum sublimation. 
The first fractions melted at 160° (methylmercury bromide has m. p. 162—164°; Rice, Johnston, 
and Evering, Joc. cit., 1932). 

Iodine. The apparatus was the same as that used in the experiments with mercury, but the 
condenser was’ filled with alcohol cooled to — 60° with carbon dioxide snow, and the liquid- 
air trap was not charged with mercuric bromide. The total products were melted, treated with 
a drop of trimethylamine or dimethylaniline, shaken with an excess of freshly precipitated 
silver to remove free iodine, filtered, and kept for 24 hours at the room temperature, the acetone 
being then distilled off in a vacuum. Unfortunately, the residual oily droplet could not be 
crystallised, and the very small yields were apparently contaminated with products resulting 
from the action of iodine on the acetone. Furthermore, the method was rendered impracticable 
by the ease with which the iodine diffused over all parts of the system, even against the gas 
stream, 

Photolysis of Diethyl Ketone.—Arsenic mirrors. Ten runs were made with this ketone, 
the volatile products being collected in mercuric chloride. A small residue of non-volatile oil 
left in the liquid-air trap appeared to be cyclic pentaethylpentarsine (Paneth and Loleit, this 
vol., p. 370). The mercurichlorides were extracted with 5 ml. of boiling water, filtered from 
insoluble residue, cooled, and left in a vacuum desiccator over calcium chloride. Crystallisation 
was allowed to continue until the characteristic crystals of mercuric chloride appeared at the 
edge of the dish. ‘The liquid was filtered from the crystals, which were washed four times with 
a few drops of distilled water, and a portion removed to a cover-slip for micro-m. p. determination. 
Melting began at 130° and was complete at 200°. The whole of the solids were redissolved in 
1—2 ml. of water, and separated into four fractions by crystallisation. The first three fractions 
melted at 132—136°, 132—140°, and 132—139° (triethylarsine dimercurichloride has m. p. 
130—140°; Challenger and Ellis, Joc. cit., p. 399) and in the most soluble fraction some melting 
was perceptible between 136° and 142°, but a residue remained which melted at 190—198°, and 
may have been methyldiethylarsine dimercurichloride (m. p. 196—198°; idem, ibid.). 
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In view of the large melting range of triethylarsine dimercurichloride, a mixed m. p. was not 
decisive, but a comparison between the properties of our product and those of the authentic 
compound left no doubt that they were identical: specimens of the latter melted at 130—140° 
and 132—140°, and, under the microscope, were seen to behave exactly like our product before, 
during, and after melting. The absence of the monomercurichloride from the product of reaction 
with the radicals was perplexing, but was explained when some pure monomercurichloride was 
recrystallised under the same conditions as in the above experiment, for the sole product was the 
dimercurichloride. 

It is thus established that acetone on photolysis yields only methyl radicals, whereas diethyl 
ketone gives ethyl, with possibly a small amount of methyl. The predominance of the former 
is indicated by the absence of trimethylarsine mercurichlorides, which, had they been present 
in appreciable amounts, would have been detected by their relative insolubility in water, as 
shown in separate experiments. 

Photolysis of Acetaldehyde.—Acetaldehyde at 1—2 mm. pressure was irradiated, and the 
products passed over cold tellurium mirrors. We confirmed the observation that the mirrors 
were not perceptibly affected. A considerable proportion of the acetaldehyde which collected 
in the liquid-air trap was polymerised, and it seemed that a small amount of this non-volatile 
polymeride deposited as a coherent film over the tellurium might well protect it from attack. 
The tube was therefore surrounded with a black paper sleeve covered (except the irradiated 
portion) with wet cotton-wool, and a faint tellurium mirror 3 cm. behind the arcs was subjected 
to the products of photolysis of acetaldehyde at 1—2 mm. for 75 mins. The mirror remained 
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at its original intensity. The acetaldehyde was replaced by acetone at the same pressure, but 
the mirror was unaltered after 15 mins.’ exposure. It was clearly inactive towards methyl 
radicals. 

The wet cotton-wool was then removed, and the mirror, still under the black paper, warmed 
to 80° in the heat from the arcs. It almost vanished after 10 mins.’ exposure to irradiated 
acetone. It appeared, therefore, that an active surface could best be maintained by keeping 
the mirror at a temperature sufficient to prevent the deposition of a film of polymeride, and it 
was found that mirrors at 40°, 70°, 120°, and 150° were then attacked by photolysing acetalde- 
hyde, the rate of removal increasing with rising temperature, whilst mirrors at 150° were un- 
affected by the acetaldehyde in the absence of ultra-violet light. 

The character of the acetaldehyde photolysis appears, however, to change as the temperature 
rises, the incidence of a chain reaction becoming definite above 80° (Leermakers, Joc. cit.), and 
in the experiments so far described no precautions were taken to cool the tube in the immediate 
vicinity of the arcs, where temperatures up to 150° were observed. A 20-cm. length of the quartz 
tube was therefore cooled with a shower of water (Fig. 2). Immediately behind this portion, 
the tube was surrounded by a closely-fitting, dull-black, paper sheath wound with nichrome wire. 
A small thermometer was strapped with its bulb near the position occupied by the mirror, and 
the whole packed with asbestos wool and kept in place by a roll of asbestos paper. The heated 
portion of the tube was separated from the cooled portion by a screen which effectively defined 
the temperature zones by preventing the creeping and splashing of water, and also restricted 
illumination to the cooled area. The arcs were placed on each side of the tube at A (Fig. 2). 
In a typical experiment, two tellurium mirrors, 1-5 mm. wide and dense enough to be dark 
brown, were situated 3-5 and 7-0 cm. behind the screen on its heated side and maintained at 55°. 
With the cooling water running, the arcs were struck, and acetaldehyde admitted at 2 mm. 
pressure. After 75 mins., both mirrors had disappeared. During the experiment, the quartz 
tube in the vicinity of the arcs remained at 17°, so that, although the radicals may have been 
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liberated at the mirrors by the aforementioned chain reaction, yet this must have been induced 
by the fragments from the acetaldehyde which was being irradiated at the room temperature. 

To ascertain the nature of the radicals, a heavy tellurium mirror, 2-5 cm. long and main- 
tained at 150°, was completely removed by the radicals from acetaldehyde, and the products 
separated into two fractions by distillation from a bath at — 20° into liquid air. The treacly 
residue, consisting largely of polymerised aldehyde, was very troublesome to handle. It 
smelled strongly of alkyl telluride, and was pale red. On the centre tube of the condensing 
vessel, a drop of red, non-volatile oil was observed, which, from its properties, was evidently 
dimethyl] ditelluride. 

To compare the quantities of radicals accompanying the photolysis of acetaldehyde and 
acetone under identical conditions of temperature (100°), pressure (2 mm.), and irradiation, 
the times of disappearance of standard tellurium mirrors were compared. The experiments 
were carried out alternately with the aldehyde and ketone, and the mirrors prepared with the 
aid of the smoked standard previously described (loc. cit.). Acetaldehyde removed the mirrors 
in 150, 172, and 155 secs., mean 159; and acetone in 83, 60, 90, and 80 secs., mean 78. Hence 
the ratio of the quantities produced is 159/78 = 2-07. 

Despite some variation with wave-length, the extinction coefficient of acetaldehyde vapour 
(Debye, ‘‘ The Structure of Molecules,’’ London 1932, p. 122) is on the average twice as great 
as that of acetone (Landolt—Bornstein, ‘‘ Tabellen ’’). 

The quantum yield from acetaldehyde calculated from Leermakers’s data (loc. cit.) is 0-97 
at 83° and 2-02 at 117°, giving a mean value of 1-5 at 100°, whilst the quantum yield from 
acetone is about unity at the same temperature (idem, ibid., 1934, 56, 1899). 

Therefore, at the same light intensity and pressure, since acetaldehyde absorbs twice as 
strongly as acetone, and the quantum yields are 1-5 and 1 respectively, the relative amounts 
decomposed in the same time are in the ratio 1-5 x 2:1. Under identical conditions, however, 
acetone produced 2-07 times as many radicals as acetaldehyde; hence, for equal quantities of 
the two compounds decomposed, there are 1-5 x 2 x 2-07 = 6 times as many radicals in the 
former as in the latter decomposition. It should be noted that this is of necessity an approximate 
evaluation, since the only data available for the calculation refer to pressures above 12 mm. 
and monochromatic light of wave-length 3130 A. 


SUMMARY. 


(1) Failure to remove cold metallic mirrors with the products from photolysing acetalde- 
hyde (J., 1934, 1718) was due to the protection of the mirrors by a film of polymerised 
aldehyde. Methyl radicals have now been detected by their action on warm metallic 
mirrors. 

(2) The radicals resulting from the photolysis of acetone and diethyl ketone have been 
identified unambiguously as free methyl and ethyl respectively. 

(3) In the photodissociation of equivalent amounts of acetone and acetaldehyde at 
100° under identical conditions of pressure and irradiation, six times as many radicals 


participate in the former as in the latter. 
(4) The results accord with those of Norrish, of Leermakers, and of Leighton and Blacet. 


We are deeply indebted to Professor Challenger, of Leeds, who kindly gave us samples of 
trimethyl- and triethyl-arsine mercurichlorides, and suggested their use in the present work; 
and also to the Imperial Chemical Industries, Ltd., for a grant which assisted the purchase of 
apparatus. 
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273. Anionotropic and Prototropic Changes in Cyclic Systems. 
Part V. The System derived from 1-Hydroxyindene. 


By HAROLD Burton and CHARLES W. SHOPPEE. 


PREVIOUS communications (J., 1933, 720; 1934, 197, 201, 205) have dealt with systems 
exhibiting consecutive anionotropic and prototropic changes, but possessing structural 
features additional to those solely required for the realisation of such changes. Thus, the 
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possible participation of the methylenic hydrogen atom [H] in the prototropic changes under- 
gone by the diphenyleyclopentenonol (I), and the possibility of anionotropic changes involv- 
ing the double linking in the isopropylidene group of the analogous isopropylidene deriv- 
atives (II), were undesirable features. That such changes did not occur to any appreciable 
extent was proved only by laborious experimental work. 


AP b=CPh CPHXT Ph 
(L) CHAK wa CMey CC ie (II; X = OH or Cl) 


It seemed, therefore, oe interest to examine the simplest system in which such consec- 
utive tautomeric changes of opposite polar type might be expected to occur. Having 
regard to the constitutional factors which have been shown to control the occurrence of - 
such changes (Burton, J., 1928, 1650; Ingold and Shoppee, J., 1929, 1199), an indene of 
type (III) appeared to represent the simplest system * complying with these conditions. 
The mobility of the anion [X] will be promoted by the presence of two phenyl groups at- 
tached to the carbon atom bearing the potential anion, and since the structure possesses 
the necessary A®-unsaturation, substantially complete transformation into the isomeric 
indene (IV) should occur. 


[X] 
CPh CPh C(H)Ph 


OF 6, ear. wna 4 Sn prototropy ~ a aie. 
i, V4 
“ ¢ 


cx] (H) x] 
(III.) (IV.) (V.) 

The structure (IV) contains a three-carbon prototropic system; the requisite grouping 
C,= = Cy — C,(H) is present as part of the indene ring, the high prototropic mobility of 
which is well known (Ingold and Piggott, J., 1923, 123, 1469), and is related to the special 
properties of the indene structure (Goss and Ingold, J., 1928, 1268); hence the prototropic 
change (IV —-> V) should be very easily accomplished under the appropriate conditions. 

The foregoing anticipations have been completely realised. 1-Hydroxy-1-phenyl-2- 
methylindene (III; X —=OH) was synthesised from phenylmagnesium bromide and 
2-methylindenone, the last compound being obtained by dehydration of cis-«-methyl- 
cinnamic acid (Stoermer and Voht, Annalen, “py 409, 55) : 


MgPhBr 


Pi ——> (III; X = OH) 


The Bae 2 oh must possess the structure (III; X = OH), and not the isomeric 
structure (IV; X = OH), which might conceivably have arisen from anionotropy of the 
Grignard compound (III —> IV; X = OMgBr) (cf. Gilman and Harris, J. Amer. Chem. 
Soc., 1931, 58, 3541), since it was completely unaltered by treatment with boiling alcoholic 
potassium hydroxide; in these circumstances the compound, had it possessed the con- 
stitution (IV), would have afforded the indanone (VI) (see below). 

By treatment with boiling acetic anhydride, the hydroxyindene (III; X = OH) was 
completely converted into an acetate, which we regard as possessing structure (VIII), since 
hydrolysis does not regenerate the original compound. The acetate is undoubtedly formed 
by way of the isomeride (VII), which could not be isolated. We suggest that the ease of 
acetylation of the tertiary alcohol (III) is intimately connected with the circumstance that 


* The variants of X usually employed are OH, OAc, and Cl. The methyl group in position 2 was 
introduced to preclude the unlikely possibility of complications arising from elimination of HX. 
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the hydroxyl group is the potential anion of an anionotropic system. The acetate (VIII) 
exists in two physical forms: («) m. p. 75—76° to a turbid liquid, clearing at 91°; (8) 
m. p. 91—92°; they can be interconverted by nucleation of a solution in ligroin with the 


CPh-OAc CPh pes CHP 
\ 
OO _ a CMe —> puile 
\ 4 
Yoo Dc ree) 
P. . (VIII.) (IX.) (VI.) 


appropriate form. Ozonolysis of the acetate (VIII) in glacial acetic acid, and reduction 
of the ozonide with zinc dust in ethereal solution gave a neutral oil containing unidentified 
ketonic and/or aldehydic substances. 

The acetate (VIII) when refluxed with 5% alcoholic potassium hydroxide passed almost 
quantitatively into 3-phenyl-2-methylindanone (VI), by way of the acetate (IX), which is 
that of the enolic form of (VI). The large degree of completion of the change (VIII —~>» 
IX), which is contrary to the expected effect of the y-phenyl group on the prototropic 
equilibrium (VIII = = IX) (cf. Shoppee, J., 1930, 973), is probably due to the continuous 
removal of (IX) by hydrolysis and subsequent ketonisation. The ketone (VI) was character- 
ised by its 2 : 4-dinitrophenylhydrazone, identified by direct comparison with a specimen 
obtained by Ingold and Wilson’s method (J., 1933, 1498). 

When the alcohol (III; X = OH) is treated with thionyl chloride, a single crystalline 
chloride is formed; the chlorine atom of this is virtually ionic and reacts very easily with 
silver acetate in acetic acid to give an 85% yield of the acetate (VIII). We therefore 
regard the chloride as 1-chloro-3-phenyl-2-methylindene (XI), formed from the precursor 
(X) by anionotropic change. The reactivity of the chlorine atom is primarily dependent 
upon its participation in the triad anionotropic system C = C —C[Cl]. The present 
case constitutes a clear and unambiguous example; no alternative explanation for the 
reactivity of the chlorine atom is possible, as in previous examples containing an adjacent, 
activating carbonyl group. 


CPhCI CPh 
SOCI, »* anionotro IN AgOA 
(I11.) ——> CX CMe CX CMe ———-> (VIIL) 
. ee 
) tH “Hcl 
(X.) (XI.) 


We have also investigated the homologous 1-hydroxy-1-phenyl-2 : 3-dimethylindene 
(XII). This alcohol should be capable of anionotropy but not of prototropy, owing to the 
presence of the methyl group in the 3-position, so acetylation should furnish a tertiary 
acetate (XIII), which might then pass, by loss of acetic acid, into the unsaturated hydro- 
carbon (XIV). Treatment of (XII) with boiling acetic anhydride gave a red amorphous 





CPh-OH x nt 
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polymeride, whilst the use of acetic anhydride containing a trace of sulphuric acid at 0° 
yielded a yellow amorphous polymeride. The analytical figures for the latter (O = 2-1% 
by difference) indicate the incomplete occurrence of some process analogous to [(XIII, 
O = 115%) —> (XIV, O = nil)], with subsequent polymerisation. 

Although Ingold and Wilson (loc. cit.) state that the product obtained by the action of 
zinc and an a-bromo-aliphatic ester on an aryl alkyl ketone, gives, on dehydration, an 
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ethylene derivative of the wrong geometrical form for cyclisation, we experienced no dif- 
ficulty in preparing 2 : 3-dimethylindenone (XVIII) by the following series of reactions : 


CHBrMe:CO,Et) zn 
—> OH-CPhMe-CHMe-CO,Et = CPhMe:CMe:CO,Et = 





a 
COPhMe (XV.) or KHSO, co 
MgPhBr 
= CMe ———> (XII) 
oxi) ‘ Wr 
(XVIII.) CMe 


Actually, Rupe, Steiger, and Fiedler (Ber., 1914, 47, 65) record that the mixture of isomeric 
«6-dimethylcinnamic acids (XVII) obtained by using formic acid as the dehydrating agent, 
when treated with cold concentrated sulphuric acid, gave a ketonic substance, m. p. 78°; 
this was not further investigated by these workers, but we have identified it as (XVIII), 
and have characterised it by the preparation of the 2: 4-dinitrophenylhydrazone and the 
semicarbazone. 

We record these observations in some detail, because von Braun (Amnalen, 1926, 451, 
47) was unable to repeat the work of Rupe, Steiger,and Fiedler. He states that the hydroxy- 
ester (XV) undergoes partial dehydration on vacuum distillation, and that the mixture of 
ethyl «6-dimethylcinnamates (XVI), obtained by completing the dehydration process with 
potassium hydrogen sulphate, on hydrolysis with potassium hydroxide under the conditions 
described by Rupe, Steiger, and Fiedler, undergoes almost complete fission to acetophenone. 
We find that the hydroxy-ester (XV) distils without decomposition, that dehydration with 
either 85% formic acid or potassium hydrogen sulphate gives the ester (XVI) (accompanied 
by traces of ethyl 8-phenyl-«-methyl-A*-butenoate), and that hydrolysis with potassium 
hydroxide of specimens of the esters prepared by either method, under Rupe’s conditions, 
affords a mixture of cis- and érans-a6-dimethylcinnamic acids (XVII); fission to aceto- 
phenone does occur, but to the extent of only 8%. 


EXPERIMENTAL. 


2-Methylindenone.—irans-a-Methylcinnamic acid, m. p. 81°, was readily obtained by con- 
densation of ethyl propionate and benzaldehyde with sodium, and hydrolysis of the resulting 
ester (cf. Stoermer and Voht, Joc. cit.). Conversion into the cis-isomeride was accomplished 
by irradiation of the tvans-acid, either molten or preferably in hot carbon tetrachloride solution, 
in a concentric quartz cell using a straight type of vacuum mercury burner, both supplied by 
the Thermal Syndicate. The apparatus was kept cool by compressed air playing on to the cell. 
With the molten acid, some discoloration occurred after 48 hrs.’ irradiation; the melt was 
poured into a shallow dish, allowed to solidify, finely powdered, and added to concentrated 
sulphuric acid (500 c.c.) at — 2° with vigorous mechanical stirring during 5mins. After a further 
15 mins.’ stirring, the purple liquid was poured on crushed ice, and the product extracted twice 
with ether. The combined extracts, after being washed with 2N-sodium carbonate, dried 
(potassium carbonate), and evaporated under a column, gave 2-methylindenone (6 g.), b. p. 
121—123°/17 mm., m. p. 47°. Acidification of the alkaline washings yielded unaltered tvans- 
acid (80 g.); this was purified by esterification with methyl alcohol containing 10% of sulphuric 
acid, vacuum distillation of the methyl ester (m. p. 38°), and hydrolysis of the last with aqueous 
methyl]-alcoholic potassium hydroxide, and re-irradiated. A repetition of the irradiation process, 
using the ¢rans-acid (70 g.) in carbon tetrachloride for 70 hrs., gave 5 g. of the indenone and 62 g. 
of recovered trans-a-methylcinnamic acid. 

1-Hydroxy-1-phenyl-2-methylindene (II1; X = OH).—To the freshly-prepared 2-methyl- 
indenone (6 g.), dissolved in ether (25 c.c.) at 0°, a filtered solution of phenylmagnesium bromide 
(1 mol.; from magnesium, 1-2 g.; bromobenzene, 7-8 g.; ether, 50c.c.) wasadded. The product, 
after standing for 3 hrs., was decomposed with ice-cold ammonium chloride solution, and ex- 
tracted with ether. The dried and evaporated extract was fractionated in a vacuum, giving 
1-hydroxy-1-phenyl-2-methylindene (4-5 g.), b. p. 157°/0-6 mm. The alcohol crystallised when 
a solution in ligroin was kept at 0° for some time; two recrystallisations from ligroin (b. p. 
40—60°) gave colourless prisms, m. p. 59° (2-5 g.) (Found: C, 86-2; H, 6-3. C,,H,,O requires 
C, 86-5; H, 635%). A small lower-boiling fraction was treated with semicarbazide acetate 
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in aqueous alcohol; after 48 hrs. the precipitate was collected, dried, extracted with ligroin 
(b. p. 60—80°) which removed some diphenyl, and crystallised from alcohol, the yellow semi- 
carbazone, m. p. 192° (decomp.), of 2-methylindenone being obtained (Found: C, 65-4; H, 
5-5. Cale. for C,,H,,ON,: C, 65-7; H, 5-5%) (cf. Stoermer and Voht, /oc. cit.). 

1-A cetoxy-3-phenyl-2-methylindene.—1-Hydroxy-1-phenyl-2-methylindene (1-0 g.) was re- 
fluxed with acetic anhydride (10 c.c.) for 7 hrs.; after decomposition of the excess of acetic 
anhydride with cold water, the product was extracted with ether, the extract washed with 2N- 
sodium carbonate, dried (potassium carbonate), and evaporated. The residual oil soon crystal- 
lised, and the acetate, twice recrystallised from ligroin (first b. p. 40—60°, then b. p. 60—80°), 
slowly formed colourless, rhombic prisms of the «-acefate, m. p. 75—76°, to a turbid liquid which 
clears at 90—91°, and when allowed to cool and reheated has m. p. 91—92° [Found: C, 81-7; 
H, 6-0; M(Rast), 230, 221. C,,H,,O, requires C, 81-8; H, 6-1%; M, 264]. A second similar 
preparation was divided into two parts; one part was dissolved in ligroin (b. p. 60—80°) and the 
cooled solution seeded with a trace of material, m. p. 90—91°, whereupon the §-acetate, m. p. 
90—91°, separated rapidly in well-formed needles [Found : C, 81-5; H, 62%; M(Rast), 233, 
236]; similar seeding with a trace of the «-form slowly yielded the «-acetate. A’mixture of the 
a- and the §-form in approximately equal parts melted sharply at 90—91°. 

3-Phenyl-2-methylhydrindanone (V1).—The a-acetate, m. p. 75—76° (0-5 g.), was refluxed 
with 5% alcoholic potassium hydroxide for 2 hrs.; the product was poured into water, and ex- 
tracted with ether. After drying (potassium carbonate) and evaporation, 3-phenyl-2-methyl- 
indanone remained as a pale yellow oil, which gave no colour with ferric chloride, and was 
characterised (see Brady, J., 1931, 756) as the 2: 4-dinitrophenylhydrazone, red needles from 
alcohol, m. p. 179°, alone or mixed with an authentic specimen (Found : C, 65-3; H, 4-5; N, 13-7. 
Calc. for C,,H,,0,N,: C, 65-6; H, 4-5; N, 13-9%) (cf. Ingold and Wilson, Joc. cit.). A similar 
experiment with the §-acetate, m. p. 91—92°, gave the same dinitrophenylhydrazone, m. p. 
179°; in both cases the yields of hydrazone were nearly quantitative. 

1-Chlovo-3-phenyl-2-methylindene (X1.)—1-Hydroxy-1l-phenyl-2-methylindene (1-5 g.) was 
refluxed with thionyl chloride (5 c.c.) for 0-5 hr., and the product poured on crushed ice. 
After ether extraction, washing of the extract with water, drying, and evaporation, a yellow oil 
remained which distilled at 150—160°/0-6 mm.; it then crystallised when rubbed with cold 
ligroin, and after two recrystallisations from ligroin (b. p. 40—60°), 1-chloro-3-phenyl-2-methy’- 
indene (0-8 g.) separated as yellow needles, m. p. 47° (Found: C, 79-5; H, 5-5; Cl, 15-0. 
C,gH,,Cl requires C, 79-8; H, 5-45; Cl, 14:8%). The chloride (0-75 g.), an equal weight of 
silver acetate, and glacial acetic acid (5 c.c.) were heated under reflux ; silver chloride was formed 
rapidly. The product was filtered from excess silver acetate, the filtrate poured into 2N- 
sodium carbonate, and extracted with ether. Drying and evaporation yielded a yellow oil 
which rapidly crystallised (0-66 g.); two recrystallisations from ligroin (b. p. 60—80°) gave the 
6-acetate, m. p. 91—92°, mixed m. p. 91—92°; a specimen of this, dissolved in ligroin and seeded 
with a trace of the a-form, slowly yielded the a-acetate, m. p. 75—76°. 

Ethyl 8-Hydroxy-8-phenyl-a-methylbutyrate.—This ester (145 g.), b. p. 141°/10 mm., was 
readily obtained by condensation of acetophenone (110 g.), ethyl a-bromopropionate (162 g.), 
and zinc (70 g.) in pure benzene (200 g.)._ No indication of dehydration during vacuum distil- 
lation was observed (cf. von Braun, /oc. cit.). 

Ethyl «8-Dimethylcinnamate.—(a) The above hydroxy-ester (145 g.) was boiled under reflux 
for 6 hrs. with twice its volume of 85% formic acid (cf. Rupe, Steiger, and Fiedler, Joc. cit.). 
The cooled product was poured into water, extracted with ether, washed repeatedly with 2 - 
sodium carbonate, and dried (potassium carbonate). Fractionation of the oil obtained by 
evaporation gave ethyl «$-dimethylcinnamate (73 g.), b. p. 130°/12 mm. ; a considerable quantity 
of lower-boiling material, probably «$-dimethylstyrene (b. p. 80°/20 mm.), was also produced. 
Ozonolysis of the ester and decomposition of the ozonide with boiling water gave traces of 
formaldehyde, indicating the presence of a minute quantity of ethyl 6-phenyl-«-methyl-A*- 
butenoate. The-non-volatile fission products were not further examined. 

(b) The hydroxy-ester (60 g.) and potassium hydrogen sulphate (‘‘ AnalaR ”’) (120 g.) were 
heated together at 150° for 4 hrs. (cf. von Braun, Joc. cit.); the product was dissolved in ether, 
the ethereal solution dried (potassium carbonate) and evaporated ; fractionation of the resulting 
oil yielded ethyl «8-dimethylcinnamate (43 g.), b. p. 128—-129°/10 mm. 

cis- and trans-«8-Dimethylcinnamic Acids.—(i) The foregoing product (a) (70 g.) was refluxed 
with aqueous potassium hydroxide (35 g. in 175 c.c. of water) until complete solution was 
effected (ca. 3 hrs.) (cf. Rupe, Steiger, and Fiedler, Joc. cit.). The product was cooled, diluted, 
and extracted twice with ether; the ethereal extract, washed with water, dried (potassium 
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carbonate), and evaporated, was distilled, whereby acetophenone (4 g.), b. p. 200—205° (semi- 
carbazone, m. p. 201°), was obtained; a small residue of higher-boiling material, probably un- 
hydrolysed ester,remained. The alkaline aqueous liquor was acidified with ice-cold 10N-sulphuric 
acid, and extracted with ether. The dried and evaporated solution gave an oil (55 g.), consisting 
principally of cis-«8-dimethylcinnamic acid, which gave a deep blue colour with cold concen- 
trated sulphuric acid. The oil slowly deposited a small quantity of the crystalline trans-acid. 

(ii) Similarly, 43 g. of preparation (b) were hydrolysed, and there were obtained 2-5 g. of 
acetophenone (semicarbazone, m. p. 201°) and 30 g. of oily acid which also gave the above 
colour reaction. 

2: 3-Dimethylindenone (XVIII).—(a) The liquid mixture of cis- and trans-a$-dimethyl- 
cinnamic acids (45 g.) was added during 15 mins. to concentrated sulphuric acid (500 c.c.) at 
12—15°; the mixture was stirred for a further 5 mins., and poured on crushed ice. The product 
was extracted twice with ether, the ethereal extract washed with water, and with successive 
quantities of 2N-sodium carbonate until acidification of the washings gave no turbidity. After 
drying (potassium carbonate), and evaporation under a column, a yellow oil remained which 
crystallised rapidly. Thrice recrystallised from ligroin (b. p. 60—80°), 2 : 3-dimethylindenone 
separates in yellow plates, m. p. 80° (yield 9 g.) (Found: C, 83-3; H, 6-2. C,,H,,O requires 
C, 83-5; H, 64%). The 2: 4-dinitrophenylhydrazone forms crimson-red prisms from ethyl 
acetate; m.p. 273—-274° (decomp. after darkening) (Found: C, 60-3; H,4-2. C,,H,,0O,N, requires 
C, 60-35; H, 4-1%); the semicarbazone crystallises from alcohol in yellow prisms, m. p. 197° 
(decomp.) (Found : C, 67-0; H, 6-1; N, 19-5. C,,H,,ON; requires C, 67-0; H, 6-1; N, 19-5%). 

The acid recovered from the alkaline washings gave a yellow colour when dissolved in cold 
concentrated sulphuric acid, and on keeping, set to a glass filled with minute crystals of the 
trans-acid. 

(b) Ethyl 6-hydroxy-8-phenyl-«-methylbutyrate (6 g.) was added during 5 mins. to con- 
centrated sulphuric acid (60 c.c.) at 10—12°, with the instantaneous production of a deep blue 
solution. After being stirred for a further 15 mins., during which the temperature was allowed 
to fall to 3°, the mixture was poured on crushed ice, and extracted with ether. The extract, 
after removal of acidic substances, drying, and evaporation, crystallised in part to yield 2 : 3- 
dimethylindenone, m. p. 80° [2 : 4-dinitrophenylhydrazone, m. p. 273° (decomp.)]; the residual 
oil was not examined, but probably consisted of ethyl «8-dimethylcinnamate and unchanged 
ester. Acidification of the alkaline washings yielded a small quantity of a crystalline acid; 
this, twice crystallised from ligroin (b. p. 40—60°), separated in well-formed prisms, m. p. 107— 
108°, and was identified as slightly impure trvans-a8-dimethylcinnamic acid (Found: C, 73-3; 
H, 6-8. Calc. for C,,H,,0,: C, 74:9; H, 6-9%) (cf. Rupe, Steiger, and Fiedler, Joc. cit.). The 
acid dissolved in cold concentrated sulphuric acid to a colourless solution. 

1-Hydroxy-1-phenyl-2 : 3-dimethylindene (XII).—A filtered solution of phenylmagnesium 
bromide (2 mols.; from magnesium, 3-1 g.; bromobenzene, 20-4 g.; ether, 50 c.c.) was added 
to a solution of 2 : 3-dimethylindenone (10-2 g.) in ether (25 c.c.) at 0°. After standing for some 
hours, the mixture was decomposed with ice, 2N-hydrochloric acid added, the product ex- 
tracted with ether, dried, and evaporated. Distillation afforded 1-hydroxy-1-phenyl-2 : 3- 
dimethylindene (10 g.) as a yellow oil, b. p. 175°/0-4 mm. (Found: C, 85-9; H, 7:0. C,,H,,O 
requires C, 86-4; H, 6-8%), which could not be induced to crystallise. All attempts to convert 
this substance into a homogeneous acetate or unsaturated hydrocarbon failed. Prolonged 
treatment with boiling acetic anhydride gave a red amorphous substance, and acetic anhydride 
containing a trace of sulphuric acid at 0° afforded a yellow amorphous polymeride, decomp. 
ca. 200° after softening and darkening from 180° [Found: C, 91-6; H, 6-3%; M(Rast), 783]. 
Neither polymeride on ozonolysis gave detectable amounts of formaldehyde. 


We thank the Chemical Society and the Royal Society for grants in aid of this investigation. 
Tue UNIVERSITY, LEEDs. [Received, June 6th, 1935.) 





274. The Structure of Flavylium Salis. 
By Douctas W. HILt and R. R. MELHUISH. 


THE skeleton of the benzopyrylium salts and the related pyrylium and xanthylium salts 

has long been established, but the exact structure of the pyrone ring and the mode of attach- 

ment of the acid radical have given rise to much speculation and several different formule 
4a 
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have been proposed. The latest is Dilthey’s ‘‘ Carbenium ” formula, based upon a general 
theory of the relationship between structure and colour suggested by Dilthey and Wizinger 
(see Wizinger, ‘‘ Organische Farbstoffe,”” Bonn, 1933). According to this formula, the 
anion is linked to the pyrone ring at an ionised co-ordinatively unsaturated carbon atom, 
the heteropolar atom being indicated as in formula (I) by a point. Before the introduction 
of this formula a centric carbonium formula, in which no attempt was made to define the 
point of attachment of the acid, had come into general use. Quint and Dilthey (Ber., 
1931, 64, 2082), however, showed that in neutral or acid solution, xanthylium salts were 
oxidised by perhydrol, which first attacked the heteropolar atom with the formation of a 
peroxide, and by this means established that in these salts the meso-carbon was the hetero- 
polar atom. When the reaction was applied by Dilthey and Quint (J. pr. Chem., 1931, 
131, 1) and Dilthey and Hoeschen (did., 1933, 138, 42) to 3-substituted flavylium salts, 
the peroxide formed was unstable, and oxidation proceeded further with the production 
of benzoyl esters of o-hydroxybenzyl ketones (or o-hydroxyphenylacetic acid) according 
to the following scheme, which shows conclusively that the double linkage in these salts 
is in the 3 : 4-position and that the 2-carbon is the heteropolar atom. 


ee \ ppm 
JER 
4 CH (OR) |x 


(I.) 


O-COPh 


O-COPh 
6 
CH,CO-R cHic< ph 


(OR) (OR) 


Had the 4-carbon atom, for example, been the heteropolar atom, the oxidation must have 
produced flavones : 


O 
\cPh \- Of 
aoe 
a, « 

° X g. a 

The complete absence of the formation of flavones in their see led Dilthey and 
Hoeschen (loc. cit.) to conclude that, when localisable, the heteropolar atom in flavylium 
salts is the 2-carbon. 

Indications are not lacking in previous work that attachment of the anion may also take 
place at other points, and it has already been suggested by one of us (this vol., p. 85) that, 
in some instances, the 4-carbon may be the heteropolar atom. We have now clearly 
established the formation of two distinct series of pyranols derived from two types of 
flavylium salts, one of which we have also succeeded in converting into the corresponding 
flavones. 

Prolonged treatment of 6-methoxy-, 7-methoxy-, 4’-methoxy-, and 6-naphtha-flavylium 
chlorides and unsubstituted flavylium chloride itself with sodium carbonate or sodium 
hydroxide solution at room temperature led to a mixture of products from which the 
corresponding chalkones and flavones were isolated in each case. The isolation of the 
flavones was accomplished by taking advantage of an observation made in the course of 
the work that insoluble double compounds are formed with calcium chloride. Thus, 
a glacial acetic acid solution of flavone on treatment with a saturated solution of calcium 
chloride in hydrochloric acid deposited, on standing, long colourless needles of the flavone— 
calcium chloride double salt. Applying this to ethereal solutions, it was found that both 
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flavone itself and pentamethylquercetin could be removed quantitatively from the solution, 
and subsequently recovered by decomposition of the double salt with water. 

Treatment of the reaction mixture in the above experiments with ether, therefore, 
extracted everything but the chalkones, which remained dissolved in the aqueous alkaline 
solution and were recovered therefrom on acidification. The flavones were separated by 
simple drying of the ethereal solutions over calcium chloride, which simultaneously removed 
them as double salts. The ether was then filtered and the flavones regenerated as above. 
A considerable quantity of material remained in the ether; it could not be purified but is 
believed to consist largely of impure pyranols, although their instability prevented their 
isolation (see below). Naturally, in view of the number of easily formed by-products, the 
yield of flavones was low, usually in the neighbourhood of 10%. In spite of this low yield, 
we have never failed in the course of a great many experiments, carried out under various 
conditions, to obtain flavones from these compounds. 

The same procedure applied to flavylium salts with a substituent in the 3-position led 
only to the production of pyranols, with no indication whatever of flavone formation 
(cf. Dilthey and Hoeschen, Joc. cit.). In view of the success attending the isolation of 
flavones in the former cases, and of the fact that the calcium chloride method is capable 
of separating quantities of flavone as low as 0-02—0-03 g., there can be no doubt that flavones 
are not produced from 3-substituted flavylium salts. 

The explanation of this difference in behaviour is to be found in the properties of the 
pyranols derived from these two series of salts. Flavylium salts unsubstituted in position 
3 could not be induced to yield simple pyranols on account of their great instability. ° They 
were, however, isolated as their ethyl ethers by the action of sodium hydroxide in alcohol 
at low temperatures. Even this was attended by considerable difficulty, and close attention 
must be paid to the experimental conditions. The ethers were spontaneously converted 
into salts in the presence of acids and must be preserved in an atmosphere completely 
free from acid. Their most characteristic property is that, although comparatively stable 
in absolute alcohol, they are invariably converted quantitatively in hot aqueous alcohol 
into the corresponding chalkones. The 3-substituted flavylium salts, on the other hand, 
were readily converted into the free pyranols by sodium acetate or sodium hydroxide, 
and the pyranols were converted into their ethyl ethers on boiling in alcohol. Neither the 
free pyranols nor the ethyl ethers were decomposed by prolonged boiling in dilute alcohol. 
It is evident, therefore, that the two series of pyranols are fundamentally different, and 
this difference must also be exhibited by the salts from which they are derived. 

The formation of flavones from salts unsubstituted in position 3 is sufficient evidence that 
they are flavylium 4-chlorides and the instability of the pyranols obtained from them leads 
to the following scheme of the changes involved : 
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The chloride (II) is first hydrolysed to the unstable pyranol (III), which is then partly 
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further hydrolysed to chalkone (IV), by opening of the pyrone ring, and partly oxidised to 
flavone (V). 

The salts from which stable pyranols were obtained are those which Dilthey and his 
collaborators have already shown to be flavylium 2-chlorides and it is apparent that they 
cannot undergo the reactions outlined above. 


EXPERIMENTAL. 


2-Phenylbenzopyranol 4-Ethyl Ether.—Freshly prepared flavylium chloride (from 5 g. of 
chalkone) was dissolved in alcohol (100 c.c.), and 10% sodium hydroxide solution (50 c.c.) 
added. The clear, orange-coloured solution was kept for 24 hours, during which a colourless 
crystalline solid was deposited. This was collected, washed with alcohol, and twice crystallised 
from light petroleum (b. p. 40—60°). It separated as large colourless cubes (3-4 g.); m. p. 76° 
(Found: C, 80-9; H, 6-4; OEt, 18-5. C,,H,,O, requires C, 80-9; H, 6-3; OEt, 17-9%). 
Acidification of the mother-liquors gave a small quantity of chalkone (0-6 g.). 

The foregoing ether is unstable, and must be kept in an acid-free atmosphere. It dissolves 
in hydrochloric or glacial acetic acid to deep yellow solutions from which flavylium ferrichloride 
and perchlorate were obtained on addition of ferric chloride and perchloric acid respectively. It 
may be crystallised unchanged from absolute alcohol, but on refluxing with 50% alcohol (0-5 g. 
in 200 c.c.) for 3 hours the solution became yellow, and on cooling it deposited a quantitative 
yield of chalkone as a mass of fine yellow needles (m. p. and mixed m. p. 153°). 

4’-Methoxy-2-phenylbenzopyranol 4-Ethyl Ether:—4'-Methoxychalkone was converted into the 
flavylium chloride in the usual way and treated as described above. After standing in the ice- 
chest for 24 hours, a pale yellow oil had separated. This could not be crystallised, so was washed 
with water by decantation and taken up in ether. The ethereal solution was placed over solid 
potassium hydroxide for several days, then filtered from a small quantity of reddish-brown solid, 
and the ether removed at room temperature. The residual oil now solidified readily, and was 
twice crystallised from absolute alcohol, being obtained as long flat colourless plates (2-3 g.), 
m. p. 86° (Found: C, 76-84; H, 6-4; OEt + OMe, 26-7. C,,H,,O, requires C, 76-6; H, 6-4; 
OEt + OMe, 27-0%). 

The ether resembled the preceding one in solubilities, and afforded 4’-methoxyflavylium 
ferrichloride as orange-red needles, m. p. and mixed m. p. 155—156°. Refluxed for 30 minutes 
with 33% alcohol (0-5 g. in 300 c.c.), it was converted into 4’-methoxychalkone (0-4 g.), m. p. and 
mixed m. p. 147°. 

2-Phenylnaphthapyranol 4-Ethyl Ether—Naphthaflavylium chloride (5 g.) was treated as 
described previously. The colourless needles which separated from the cold alkaline alcoholic 
solution were twice recrystallised from light petroleum (b. p. 40—60°); slender colourless 
needles (2-6 g.), m. p. 131—133° (Found: C, 83-7; H, 5-9; OEt, 15-2. C,,H,,0, requires 
C, 83-4; H, 6-0; OEt, 14-9%). The ether is soluble in acids and affords on refluxing with 50% 
alcohol for 30 minutes a quantitative yield of 2-hydroxynaphthylideneacetophenone, which 
separates from alcohol as deep yellow, small needles; m. p. 143—144° (Found: C, 83-0; H, 5-1. 
C,9H,,O, requires C, 83-2; H, 5-1%). 

6-Methoxy- and 7-methoxy-flavylium chlorides when treated with alcoholic alkali in the 
above manner gave oils which could not be crystallised. In common with the other members 
of this series, they are easily converted into the corresponding chalkones by refluxing with dilute 
alcohol. 

2-Phenyl-3-methylbenzopyranol 2-Ethyl Ether.—3-Methylflavylium chloride (12-7 g.) was 
covered with alcohol (100 c.c.), and potassium hydroxide solution added. The colourless oil 
which separated was only induced to solidify after standing for some days in ethereal solution 
over solid potassium hydroxide. It was crystallised from absolute alcohol and separated as 
large colourless needles, m. p. 44° (Found: C, 81-4; H, 6-8; OEt, 16-6. C,,H,,O, requires 
C, 81-2; H, 6-8; OEt, 16-9%). 

2 : 3-Diphenylbenzo-2-pyranol.—3-Phenylflavylium perchlorate (11-5 g.) was boiled with 
sodium acetate solution (23 g. in 100 c.c. water) until the brown oil which separated had solidified. 
The solid was filtered off, powdered, and reboiled until it became colourless. Recrystallised 
from benzene-light petroleum and finally from petroleum (b. p. 40—60°), it separated as colour- 
less rectangles (8-5 g.), m. p. 125—126° (Found: C, 84-25; H, 5-3. Calc. for C,,H,,0,: C, 84-0; 
H, 5:3%) (Decker and Fellenberg, Annalen, 1909, 364, 35, give m. p. 121—122°). The pyranol 
is soluble in acids and readily yields flavylium salts. When refluxed with alcohol (5 g. in 
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100 c.c.) for 1 hour, it was quantitatively converted into the ethyl ether, which separated from 
light petroleum (b. p. 40—60°) as a colourless solid. For analysis it was twice crystallised 
from alcohol and obtained as colourless cubes, m. p. 80° (Found: C, 84-3; H, 6-1; OEt, 13-5. 
C,3H_,O0, requires C, 84-2; H, 6-1; OEt, 13-7%). 

3-Methoxy-2-phenylbenzo-2-pyranol.—3-Methoxyflavylium perchlorate (2-5 g.) was refluxed 
with sodium acetate solution (5 g. in 25 c.c. water) until the brown oil which formed had solidified 
to a light brown solid. After being collected and dried, this was crystallised first from benzene 
and light petroleum and then from the latter (b. p. 40—60°) alone. It separated as small white 
needles (2-3 g.), m. p. 122° (Found: C, 74:2; H, 5-5; OCH, 11-9. C,,H,,O; requires C, 75-6; 
H, 5-5; OCH, 12-2%). It is easily soluble in acids and readily converted into flavylium salts ; 
on refluxing in alcoholic solution, it is converted into its ethyl ether, colourless plates from 50% 
alcohol; m. p. and mixed m. p. with sample prepared by method of Dilthey and Hoeschen 
(loc. cit.) 123°; mixed m. p. with pyranol 103°. The ether was unchanged by refluxing with 
50% alcohol for 30 hours. 

Flavone from Flavylium Chloride—Freshly prepared flavylium chloride (from 5 g. of 
chalkone) was dissolved in 0-5% hydrochloric acid (100 c.c.), and the solution filtered and treated 
with sodium hydroxide (150 c.c. of 10%) and ether (75 c.c.). After standing at room temper- 
ature for a week, the deep purple ethereal solution was separated, well washed with water, 
and placed over calcium chloride for 24 hours. The calcium chloride was filtered off, washed 
with ether, and dissolved in water. The insoluble solid was filtered off, redissolved in ether, 
and the calcium chloride process repeated. The solid was finally twice crystallised from 
33% alcohol; colourless needles (0-6 g.), m. p. and mixed m. p. 96—97° (Feuerstein and Kostan- 
ecki, Ber., 1898, 31, 1760, give m. p. 97°). It showed a typical pale blue fluorescence in con- 
centrated sulphuric acid. The aqueous solution from the mother-liquors gave, on acidification, 
0-7 g. of chalkone. 

Replacement of the alkali in the reaction mixture by water led to the production of 0-75 
g. of flavone. 

6-Methoxyflavone from 6-Methoxyflavylium Chloride.—The chloride (4-5 g.) was dissolved in 
0-5% hydrochloric acid (300 c.c.), the solution filtered, and 10% sodium hydroxide (100 c.c.) 
and ether (150 c.c.) added. The deep red ethereal layer was treated as already described, 
and the 6-methoxyflavone was crystallised from dilute alcohol, forming long colourless needles 
(0-25 g.) exhibiting a deep blue fluorescence with concentrated sulphuric acid; m. p. 162° 
(Found: C, 76-4; H, 4:9; OCH;, 12-3. C,.H,,O, requires C, 76-2; H, 4-8; OCHs, 12:3%). 

7-Methoxyflavone from 7-Methoxyflavylium Chloride.—The chloride (5 g.) was dissolved in 
water (500 c.c.), and 5% sodium carbonate solution (150 c.c.) added. After a week, ether 
(300 c.c.) was added, and the solid which had separated dissolved to a deep blue solution. 
The ethereal solution was removed after 12 days, washed with water, and treated with calcium 
chloride as described above. After three such treatments, during which much material was 
discarded, the product was twice crystallised from 33% alcohol, forming colourless needles 
(0-4 g.) with deep blue fluorescence in concentrated sulphuric acid; m. p. and mixed m. p. 
109—110° (Emilewicz and Kostanecki, Ber., 1899, 32, 312, give m. p. 110—111°) (Found: 
C, 76-1; H, 4:8; OCH,, 12-3. Calc. for C,,H,,0O,: C, 76-2; H, 4:8; OCH, 12-3%). An ex- 
periment in which water alone was used as hydrolytic agent gave 0-25 g. of 7-methoxyflavone 
and 2-2 g. of 4-methoxychalkone. 

4'-Methoxyflavone from 4'-Methoxyflavylium Chloride——The flavylium chloride (from 5 g. 
of 4’-methoxychalkone) was kept for a week with water. Addition of ether did not completely 
dissolve the solid which had separated and sodium carbonate (5 g.) was therefore added. The 
ethereal solution was treated with calcium chloride as previously described. By this means 
0-6 g. of 4’-methoxyflavone was obtained, which crystallised from dilute alcohol as almost 
colourless needles, m. p. 156°, giving a blue fluorescence in concentrated sulphuric acid (Found : 
C, 76-0; H, 4-8; OCHs, 12-3. C,.H,,O,; requires C, 76-2; H, 4-8; OCH, 12-3%). 

B-Naphthaflavone from B-Naphthaflavylium Chloride.—The chloride (5 g.) was covered with 
5% sodium carbonate solution (500 c.c.) and kept fora week. Ether was added and the mixture 
set aside for a further week. The naphthaflavone, obtained by the usual method, crystallised 
from dilute alcohol in long colourless needles (0-4.g.), m. p. 162°, giving a deep blue fluorescence 
with concentrated sulphuric acid (Ruhemann, Ber., 1914, 47, 120, gives m. p. 164—165°) (Found : 
C, 83-6; H, 4-4. Calc. for CygH,,O,: C, 83-8; H, 44%). 8-Naphthachalkone (1 g.) was 
recovered from the mother-liquors. 

Attempts to convert 3-methyl- and 3-methoxy-flavylium salts into the corresponding 
flavones by the above methods were unsuccessful, the sole products being the pyranols. 
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275. Specific Heats of isoButyric Acid—Water Mixtures at 15°. 
By D. Gwynne DAVIEs. 


IN previous papers (Bury and Davies, J., 1932, 2413; Davies, J., 1933, 551) it has been 
noted that the specific heat-concentration curves of aqueous solutions show character- 
istic features if micelles are present. In particular, the curve for aqueous solutions of 
n-butyric acid at 15° (Bury and Davies, Joc. cit.) exhibited an abrupt change of slope at 
about 13% of acid, showing a critical concentration for micelles in agreement with that 
deduced from density measurements (Grindley and Bury, J., 1929, 679). It was considered 
probable that a similar study of ssobutyric acid—water mixtures would present some points 
of interest. This acid is not completely miscible with water at 15°, a two-phase system 
being formed when the concentration of acid has risen to about 20%. m-Butyric acid re- 
sembles the tso-acid in that its mixtures with water are likewise homogeneous up to a 
certain concentration (the critical concentration for micelles), a second phase then being 
formed. However, although the second phase is colloidal for the n-acid, separation into 
two liquid layers occurs with the zso-acid, and the specific heat-concentration curve at 15° 
for aqueous mixtures of this acid, carried into the region where two phases appear, thus 
allows a comparison between formation of micelles and of a second phase. The results 
afford evidence as to whether isobutyric acid behaves similarly to the -acid in forming 
micelles in aqueous solution, and also allow a comparison of the magnitudes of the specific 
heats of aqueous solutions of the n- and the iso-acid at the same concentrations. 
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The specific heats were measured by the differential method (Bury and Davies, Joc. cit.) 
with an accuracy of 0-1% for the homogeneous systems. The experimental error is somewhat 
greater (0-2%) for the measurements in the two-phase systems, owing to the difficulty of com- 
plete attainment of equilibrium between the two phases in the comparatively short duration 
of an experiment, in spite of the efficient stirring. 

isoButyric acid was three times fractionally distilled; its concentration in the mixtures was 
determined by titration with baryta, phenolphthalein being the indicator. In the case of the 
two-phase systems, the mixture was first warmed slightly until homogeneous (the most con- 
centrated mixture examined—about 30% of acid—becomes homogeneous at about 24°), the 
samples for analysis removed, and the requisite quantity introduced into the calorimeter. 
When the solutions were cool, the necessary weighings were carried out. 

The results are given in the table, and the specific heats (C; mean values over a range 
13-5—16-5°, relative to water as unity over the same range of temperature) are plotted against 
concentrations (X = g. of acid per 100 g. of solution) in the fig. 

X(%) 29°69 28°05 27°06 2608 25°11 2422 23-38 22:73 21°98 21-15 20-34 
Cc 09008 09137 0°9200 0°9231 0°9307 0°9319 0°9328 0°9317 0°9360 0°9407 0°9453 


18°71 17°03 =14°94 13°84 12°45 11°12 9305 8111 6214 4-080 
09539 0°9627 0°9715 0°9748 0°9789 0°9825 0°9867 0°9883 0°9911 0°9942 
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The shape of the curve resembles that obtained for aqueous solutions of potassium -octoate 
(Davies, Joc. cit.) rather than that given by u-butyric acid (Bury and Davies, Joc. cit.). There is 
a sudden increase in the specific heat at a concentration of about 22% of acid, the curve becoming 
nearly parallel to the axis of concentration over a range of concentrations of about 2%. The 
concentration at which the increase first becomes appreciable is rather higher than that corre- 
sponding to the solubility of isobutyric acid in water at 15° quoted in the literature. This solu- 
bility has been determined by several workers by observation of the temperature at which a clear 
solution becomes cloudy, or vice versa, but this method, although accurate for measurements 
near the critical solution temperature, is known to be inaccurate at temperatures considerably 
removed from it. International Critical Tables (Vol. III, 1928, p. 388) give 19-4% as the value 
of the solubility at 15°, but a determination made by allowing the mixture to settle in a vessel 
immersed in a thermostat at 15° + 0-04°, and analysis of the lower layer, gave 21-92%, a value 
close to the concentration at which the increase of specific heat first becomes appreciable. 


Besides the analogy between the curves obtained for the acid (which forms a second 
phase) and the soap (which forms micelles), a second point of interest is the close agreement 
between the specific heats of aqueous solutions of the - and the iso-acid at the same con- 
centration up to the critical concentration for micelles (about 13%) for the m-acid. At 
the same concentration the values of the specific heat for the two acids are identical 
within the limits of experimental error. When this concentration is exceeded, however, 
the values of the specific heat for the m-acid lie below those for the iso-acid, the contribution 
to the specific heat of a given weight of acid being smaller when the acid is in the form of 
micelles than when it is present as simple molecules. 

Further, there is no sign of a sudden change of slope in the specific heat-concentration 
curve for the iso-acid in the homogeneous region, the slope changing gradually until a 
second phase appears. This indicates that iso- differs from u-butyric acid in not forming 
micelles, an observation which may be correlated with the smaller lateral cohesion between 
the chains of iso- as compared with m-acids, deduced from studies on soluble films (Schofield 


and Rideal, Proc. Roy. Soc., 1925, A, 109, 58). 
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276. The Influence of Nuclear Substituents upon Side-chain Reactions. 
Part II. Factors controlling the Velocities of Acid-catalysed 
Prototropy of Nuclear-substituted Acetophenones. 


By D. P. Evans, V. G. Morcan, and H. B. Watson. 


THE discoveries that certain reactions proceed in solution with nearly the same speeds and 
energies of activation as in the gaseous phase (e.g., the decomposition of chlorine monoxide, 
Moelwyn-Hughes and Hinshelwood, Proc. Roy. Soc., 1931, A, 131, 177), and that the 
velocities of a number of reactions in solution are approximately those predicted by the 
collision theory in its simplest form (Moelwyn-Hughes, Chem. Reviews, 1932, 10, 241) 
while, in some cases at least, a speed smaller than that calculated is a characteristic of 
the reaction itself (Moelwyn-Hughes and Hinshelwood, J., 1932, 230), have led to the 
representation of thespeeds of bimolecular reactions in solution by theequation k = PZe~¥/"7, 
where Z is the collision frequency as given by the kinetic theory, and P, which varies over a 
wide range, is a probability factor including all necessary conditions other than activation. 
The marked influence of nuclear substituents upon the reaction velocities of benzene deriv- 
atives may clearly arise from changes in E£, in P, or in both. 

The results of Bradfield, Jones, and their collaborators (J., 1928, 1006, 3073; 1931, 
2903, 2907 ; Chem. and Ind., 1932, 51, 254) indicated that, in the chlorination of a series of 
phenolic ethers of general formula RO-C,H,X or RO-C,H,Me:X, the factor P remains un- 
changed within the limits of experimental error; the postulate that differences in velocity 





1168 Evans, Morgan, and Watson: The Influence of 


are to be ascribed to changes in the energy of activation was both necessary and sufficient 
for the explanation of their observations. The same work also showed that the relative 
effects of the groups OR were independent of the nature of X, and vice versa ; the conclusion 
was thus reached that substituent groups contribute additively to the energy of activation, 
which may be represented as the sum of a series of terms, E = Ey+¢,+¢,+...., 
where E, is the value relating to the unsubstituted compound, and ¢,, é,, etc., are the contri- 
butions (positive or negative) of the substituents. 

Somewhat later, Nathan and Watson (J., 1933, 217, 890) measured the velocities of 
acid-catalysed prototropic change of a series of p-substituted acetophenones and w-chloro- 
acetophenones, using Lapworth’s bromination method. They regarded the observed 
velocities as a measure of the relative speeds at which the catalyst reacted with the carbonyl 
oxygen, and, in the light of Bradfield’s results, assumed that the influence of the substituent 
upon this reaction consisted entirely in a change of the energy of activation. They further 
reviewed the available data for 13 other side-chain reactions on the basis of the same 
assumption (J., 1933, 1248). The investigation here described was undertaken with the 
object of testing the correctness or otherwise of these postulates. 

During the progress of the present work, Williams and Hinshelwood (J., 1934, 1079) 
reported their demonstration that, in the benzoylation of anilines in benzene solution, the 
energy of activation is the only factor which is changed to an important extent by the intro- 
duction of ~-substituents either in the amine or in the acid chloride. The result was 
particularly striking, since it referred to a reaction for which the value of P was of the order 
10-7. An examination of Cain and Nicoll’s data (J., 1902, 81, 1434) for the decomposition 
of diazo-compounds led them to a similar conclusion for this reaction also. Still more 
recently, Hinshelwood and Legard’s investigation of the kinetics of esterification (this 
vol., p. 587) for six different acids and four alcohols has shown that here again variations in 
velocity depend upon different energies of activation, although replacement of the un- 
dissociated acid by hydrogen ion as catalyst leads to important changes in other factors; 
even steric hindrance is connected with changes in E. It has therefore been proved, in 
several cases, that differences in the reaction velocities of a series of similarly-constituted 
compounds are to be ascribed mainly to changes in the energy of activation. McKay 
(Chem. and Ind., 1934, 53, 870) has pointed out that changes in E are to be anticipated, on 
theoretical grounds, when the observed effects can be ascribed to polar influences. 

The approximate constancy of factors other than the energy of activation cannot, how- 
ever, be postulated for a given reaction of any series of similar compounds, for there is 
definite proof that substituent groups may have so profound an effect that a change even in 
reaction mechanism occurs. Thus, the hydrolysis of methyl and ethyl halides in aqueous 
alcohol proceeds by a bimolecular mechanism, while isopropyl and ¢ert.-butyl halides 
undergo unimolecular hydrolysis (Gleave, Hughes, and Ingold, this vol., p. 236; Hughes 
and Ingold, ibid., p. 244; Hughes, ibid., p. 255; J. Amer. Chem. Soc., 1935, 57, 708), and 
similar observations have been made upon the series benzyl chloride, benzylidene chloride, 
and benzotrichloride (Olivier and Weber, Rec. trav. chim., 1934, 53, 869). Indeed, the 
velocities of hydrolysis of certain substituted benzyl and benzylidene chlorides in neutral 
and in alkaline solution indicate an influence of nuclear substituents upon the mechanism 
(Olivier and Weber, loc. cit.). It is, nevertheless, a tempting speculation that the influence 
of nuclear substituents upon the reaction velocities of benzene derivatives, when it is of a 
polar character (compare McKay, Joc. cit.) and when the reaction is not particularly suscep- 
tible to complications such as changes in mechanism, may, in general, be due almost 
entirely to changes in the energy of activation ; no definite conclusion will be possible, how- 
ever, until many more, accurate experimental data are available regarding the kinetics of 
the reactions of benzene derivatives. 

The present communication deals with the acid-catalysed prototropy of a series of m- 
and #-substituted acetophenones. We have measured the velocities of bromination 
( = velocity of prototropic change) at four temperatures, using 0-1M-solutions in 75% 
acetic acid in presence of 0-5M-hydrochloric acid. The observed velocities are recorded 
in cols. 2—5 of the table below, and the values of E (determined in the usual manner) in 
the last column. The velocities are in every case the mean of those found by two or more 
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(sometimes several) concordant determinations, and we believe them to be accurate within 
+ 1%. 

If the well-known formula for Z (Moelwyn-Hughes, ‘‘ Kinetics of Reactions in Solution,” 
Oxford, 1933) is substituted in the expression k = PZe~*/*?, and P is assumed constant, 
the equation reduces to 

E =c —2-303RT lo a| (288) (F + nay = ¢ —2-303RT . log &/ 
ne ates 2 /\m,* M/ J- ‘eee i 
where c is a comprehensive constant, and o, and o, are the molecular diameters and M, 
and M, the molecular weights of the reacting species (compare Nathan and Watson, loc. 
cit., p. 891). The plot of E against log k/z is therefore a straight line with slope 2-303RT. 
The values of log k/z are given in cols. 6—9 of the table; they are obtained by combining 
with the velocity coefficients in cols. 2—5 the values of z recorded by Nathan and Watson 


or calculated by their method. 


Bromination of Substituted Acetophenones.* 
Velocities. Values of log k/z. 


Substituent. “Ais. eg. a. hag. 15°. 25°. 35°. 45°. _ E(cals.). 

00891 0°297 0°890 — 14:356 14879 15°355 == 20,000 

0244 O754 2°18 14:300 14812 15°302 15°764 20,180 

07150 0-484 = 1°41 14:049 14576 15°085 15°549 20,680 

07147 0-479 # 1:40 14048 14576 15°089 15°555 20,760 

07146 O471 1385 14:044 14575 15°083 15°552 20,780 

07165 0524 1°54 — 14687 15°189 15°657 20,720 

0099 «60320 0'955)=Ss«13°876 = =s:«:14°397 }=—s_:«14'907 = -«:15°382 = 21,040 

07195 0597 1°76 —_ 14690 15°176 15°646 20,410 

07185 0°569- 1°74 14172 14676 15°164 15°649 20,390 

07182 0567 81°68 14181 14670 15°164 15°636 20,570 

07179 0573 8 1°63 — 14°722 15°228 15°682 20,470 

0-118 0379 1:14 13969 14474 14980 15°459 21,040 
* The velocity coefficients are expressed as fall of N/50-thiosulphate titre per minute for 20 c.c. 
of 0°1M-ketone solutions in presence of 0°5M-hydrochloric acid. They have not been reduced to the 
customary units, since the concentration of hydrogen ion is uncertain and the units do not affect the 
argument. Certain of the values for 25° differ somewhat from those found previously (Nathan and 
Watson, /oc. cit.), and we attribute this mainly to the development of improved methods of preparation 
and purification of the compounds (see Experimental). The velocities marked thus f¢ have been neg- 
lected in computing E, as they deviate rather seriously from the Arrhenius straight line; the deviations 
have been confirmed by several independent measurements. The plot of log’ against 1/T for the 

remaining values gives excellent straight lines. 


In the figure, the values of E are plotted against those of log k/z, and through the points 
referring to unsubstituted acetophenone straight lines are drawn with the theoretical slope 
2-303RT; this procedure is identical with that adopted by Williams and Hinshelwood 
(loc. cit.). The points do not fall on the lines, as would be the case if the equation were 
strictly applicable, i.e., if Nathan and Watson’s assumptions were both correct. The 
deviations from the theoretical lines are of a very different order of importance from the 
small divergences reported by Williams and Hinshelwood, and it is evident that an explan- 
ation must be sought, due attention being paid to the fact that the measured change occurs 
in more than one stage. 

The obvious method of attack upon the problem is to examine Nathan and Watson’s 
postulates in the light of the observations now recorded, and two alternatives may be con- 
sidered : (1) that the measured velocities actually represent the relative speeds at which 
the ketones react with the acid catalyst, but that the effect of a substituent upon this 
reaction involves a change in factors other than the energy of activation; (2) that the 
observed velocities are not a true measure of the speeds of reaction of ketone and catalyst. 

An inspection of the figure reveals a significant feature of the observations. Although 
the points depart very considerably from the theoretical straight lines, they are nevertheless 
located around the lines in a systematic manner, those referring to the electron-repulsive 
methyl substituent lying on one side, and those for the remaining (electron-attractive) 
groups on the opposite side, this deviation being greatest for the highly polar nitro-sub- 
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stituent. Thus, an electron-repulsive group gives values of k/z which are lower, and 
electron-attractive substituents values higher, than those anticipated on the basis of Nathan 
and Watson’s postulates. Moreover, for any given compound, the divergence from the 
straight line is identical at the four temperatures, within the limits of error in the experi- 
mental determination of & and the calcul- 
ation of z. Clearly, the factor responsible 
for the deviation is independent of tem- 
perature, or nearly so. 

The regularity noted above does not, 
of course, exclude the first alternative 
(variation in P for the attack of the 
catalyst), but it leads to a very reasonable 
interpretation on the basis of the second. 
Some years ago the view was expressed 
(Hughes, Watson, and Yates, J., 1931, 
3322) that “‘ the velocity of a catalysed 
keto-enol change is dependent in a dual 
manner upon the influence of substituent 
groups, and due consideration must be 
given to the effect of the group (i) in 
facilitating the ionisation of the proton, 
and (ii) in promoting co-ordination with 
the catalyst,’ and the explanation here 
suggested involves the application of this 
view to the mechanism of acid-catalysed 
prototropy first put forward by Lapworth 
and Hann (J., 1902, 81, 1513) and recently 
given a more precise physical significance 
(Watson, Nathan, and Laurie, J. Chem. 
Physics, 1935, 3,170). It is now generally 
recognised that in ketones and aldehydes 
quantum-mechanical resonance occurs 
between the normal and semipolar struc- 
tures (Pauling and Sherman, idid., 1933, 1, 

— "Veaitten). — 606 ; McKay, loc. cit.),a phenomenon which 
Ingold has termed ‘“ mesomerism’”’ (J., 

1933, 1120; Chem. Reviews, 1934, 15, 232). The normal structure is the main participant, 
and hence the actual configuration of the carbonyl group may be represented by >C—O 


with a_ tendency (sc towards >to. Watson, Nathan, and Laurie have 
suggested that in a fruitful collision with an acid catalyst energy is communicated to the 
group, and the semipolar form becomes the main participant in the resonance state. An 
immediate transformation now occurs either (a) regenerating the original form, or (d) 


producing the enol ion : 


(a.) scut£8 > >CH—C=0 SCH + >c=c-8 &) 
Xx Xx x X 











------0--@ 


f 








--------@ 





ZH 





-© 


Va 
































The rate of prototropic change will, on this view, depend both upon the speed of reaction of 
ketone and catalyst and upon the proportion of the energised form which undergoes trans- 
formation (b). In process (a), a pair of electrons, initially the sole property of the oxygen 
atom, moves in the direction of the curved arrow and enters the carbon-oxygen double 
bond, whereas in process (6) a similar movement occurs, electrons from C, approaching 
carbonyl carbon until they are shared by both atoms; changes in X (in this case the intro- 
duction of substituents into the acetophenone nucleus) will probably influence these elec- 
tronic transferences to an approximately equal extent (compare Nathan and Watson, J., 
1933, 217). In process (6), however, the electron pair concerned is initially shared by C, 
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and a proton, and, prior to or concurrently with the movement indicated by the curved 
arrow, the removal of this proton (by an acceptor in the medium) must occur. An electron- 
attractive substituent in X will increase, and an electron-repulsive substituent will decrease 
the facility of this process, with a resulting change in the extent to which transformation 
(b) occurs, and therefore in the proportion of enol formed. The influence of the substituent 
here will therefore be opposed to its influence upon the initial attack of the ketone by the 
catalyst, and the relationships illustrated in the figure, vzz., velocities higher than anticipated 
for nitroxyl and halogens, and lower for methyl, are exactly those which would be predicted. 

Although, therefore, our results show very definitely that the changes in velocity are 
not accounted for quantitatively by the contributions of the substituents to the energy 
of activation, it is not necessary to assume a variation in the proportion of fruitful collisions 
between activated molecules of ketone and catalyst. An adequate interpretation is found 
on the view that the observed velocities are not a true measure of the relative speeds of the 
initial reaction, and that the apparent changes in a “‘ P factor ”’ have their origin in a sub- 
sequent stage. 

We wish further to point out the possibility that certain other observations may be 
capable of an interpretation on similar lines. The prototropy of acetone under the influence 
of different acid catalysts has recently been studied by Smith (J., 1934, 1744), and his value 
of 0-15 for P when hydrogen ion is the catalyst is in good agreement with the values 0-15 
and 0-29 for acetophenone and #-nitroacetophenone respectively, obtained from our 
results by calculating P in the usual manner, the assumption being made that the concen- 
tration of hydrogen ion is equal to that of hydrogen chloride introduced. Smith finds 
an increase in P with increasing acid strength of the catalyst, and this is to be 
anticipated on the view presented above if it be supposed that the transformations 
(a) and (b) occur while the catalyst molecule remains linked to carbonyl oxygen, for in- 
creasing acidity of the catalyst (reaching a maximum for the solvated hydrogen ion) will 
lead to increasing facility of removal of the «-proton and hence increasing proportion of 
enol formed. It may be tentatively suggested, indeed, that the variations of P in esterific- 
ation reactions (Hinshelwood and Legard, loc. cit.) may also arise in the second stage of a 
sequence such as the following (compare Lowry, J., 1925, 1381) : 


SOM oe how gg 


catalyst & of O allies 


R-CO,H ———> RC Or 
\ou ied RcCou —> R-CO,R’ + H,0 (0;) 
R’H 


The large increase in P on changing from a non-ionic catalyst to hydrogen ion would then 
receive an interpretation akin to that suggested above with reference to the prototropy of 
acetone (b, favoured strongly), while the rising P values on passing from primary to 
secondary and tertiary alcohols would be anticipated, since the unshared electrons of the 
alcoholic oxygen become progressively more prone to co-ordination at a positive centre. 
Further, the simultaneous rise in E and P found.in most cases would be attributed to the 
opposite effects of constitutional variations upon the two stages of the reaction, as in 
the case of the substituted acetophenones already discussed. For a series of acids, the 
sequence is not obvious, but here the catalyst and the reactant molecule are both changing, 
and the relationships may be further obscured by the resonance of the carbethoxyl group 
and other complicating factors. 

We suggest, therefore, that the variable P term found in certain catalytic processes 
may be due to the occurrence of the reaction in consecutive stages, E being determined by 
the initial stage of the process and P mainly (or entirely) by a subsequent 
SNA stage. On the other hand, the P factor in a straightforward bimolecular 
¥ reaction such as the benzoylation of aniline doubtless represents the 
proportion of the collisions between activated molecules that lead to 
reaction; the essentials of this change may probably be written as in the 
inset, and stringent conditions of orientation in such a case are not unexpected. 

It is significant that P does not here vary with the introduction of substituents. 
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EXPERIMENTAL. 


Preparation of Materials —Acetophenone, distilled under reduced pressure, had m. p. 19-6° 
(Morgan and Lammert, J. Amer. Chem. Soc., 1924, 46, 881, give 19-655° + 0-002°). 

m-Nitroacetophenone was prepared by a modification of the method of Mayer and English 
(Annalen, 1918, 417, 82; compare Rupe, Braun, and Zembruski, Ber., 1901, 34, 3522; also 
‘* Organic Syntheses,’”’ Vol. X, 74). Acetophenone (48 g.) was dissolved in concentrated sul- 
phuric acid (260 g.), cooled by ice and ammonium chloride. A mixture of concentrated nitric 
(58 g.) and sulphuric (180 g.) acids was added, with strong cooling and vigorous shaking, as 
rapidly as was consistent with a temperature of — 5°. The mixture was further shaken for } 
hour and poured on ice, m-nitroacetophenone separating as a pale yellow solid (64 g.). It was 
dissolved in glacial acetic acid, shaken three times with charcoal, filtered, and crystallised. The 
sample used for the measurements was further recrystallised from aqueous acetic acid, and 
obtained as cream-coloured crystals, m. p. 79-5° (“‘ Organic Syntheses,”’ loc. cit., gives 76—78°). 

m-Aminoacetophenone was obtained by reduction of m-nitroacetophenone with iron (Morgan 
and Moss, J. Soc. Chem. Ind., 1923, 42, 462T). When iron filings were employed, difficulty was 
encountered in the filtration, and this was overcome by the use of coarse iron chippings. Yield 
of crude product, 89%; m. p. 94° (Morgan and Moss record 92—93°; and Elson, Gibson, and 
Johnson, J., 1930, 1130, 98—99° for the pure compound). 

m-Chloroacetophenone. m-Aminoacetophenone (40 g.) in concentrated hydrochloric acid 
(50 c.c.) diluted with water (190 c.c.) was diazotised at 0° with sodium nitrite (21 g.), and treated 
with cuprous chloride [copper sulphate (50 g.) and sodium chloride (24 g.) in water (100 c.c.) 
treated with concentrated hydrochloric acid (200 g.) and copper turnings (26 g.) until colourless, 
and hydrochloric acid added until the total weight was 405 g.]. The mixture was heated on a 
water-bath, and after steam-distillation the product was extracted with ether and the extract 
washed with alkali, acid, and water, and dried over calcium chloride. On distillation under 
reduced pressure, the m-chloroacetophenone was obtained as a colourless oil, b. p. 113°/11 mm. 
(Found: Cl, 22-5. Calc. : Cl, 22-95%); yield, 45%. The specimen was further fractionated 
before the measurements. [Wahl and Rolland (Ann. Chim., 1928, 10, 29) describe it as a yellow 
liquid, b. p. 227—-229°.] 

m-Bromoacetophenone, prepared from m-aminoacetophenone as described by Elson, Gibson, 
and Johnson (who give b. p. 127°/14 mm., 131°/16 mm.; Joc. cit.), was a colourless oil, b. p. 
110°/8 mm.; yield 30% (Found: Br, 39-7. Calc.: Br, 40-1%). 

m-Iodoacetophenone. m-Aminoacetophenone (40 g.) was diazotised, and potassium iodide 
(66 g.) added, the mixture being thereafter treated as for m-chloroacetophenone. The product 
was an oil having a light colour, b. p. 128-5°/8 mm.; yield 30% (Found: I, 50-8. Calc.: I, 
51-6%). 

m-Fluoroacetophenone was prepared by the method of Balz and Schiemann (Ber., 1927, 
60, 1186; compare ‘‘ Organic Syntheses,’ XIII, 46). m-Aminoacetophenone (60 g.) was diazo- 
tised, and the solution added to a well-cooled and stirred solution of hydrofluoboric acid (200 g. 
of 40% solution). The thick creamy precipitate of borofluoride was collected and dried for a 
long period. It decomposed at 83°, and the residue, after steam-distillation, extraction with 
ether, drying, and fractionation, gave m-fluoroacetophenone as a colourless oil, b. p. 81°/9 mm. 
(Found : C, 68-9; H, 5-16. Calc. : C, 69-5; H, 5-07%). 

m-Methylacetophenone. Calcium m-toluate was precipitated by calcium chloride from a 
solution of the ammonium salt, dehydrated at 120°, and mixed with anhydrous calcium acetate 
(50% excess). The mixture was heated under carefully controlled conditions, and the product 
steam-distilled, extracted with ether, and twice fractionated under reduced pressure. It was 
a colourless oil, b. p. 96°/10 mm. (Auwers, Annalen, 1915, 408, 243, gives 109°/12 mm.; Klages 
and Lickroth, Ber., 1899, 32, 1560, give b. p. ca. 110°/16 mm.) (Found : C, 79-7; H, 7-8. Calc. : 
C, 80-6; H, 7-5%). 

p-Chloro- and p-bromo-acetophenone (m. p.’s 20-5° and 51-6° respectively) were prepared by 
the Friedel-Crafts method (‘‘ Organic Syntheses,’’ Coll. Vol., 1932, p. 105, where m. p.’s are 
given as 20—21° and 49—50-5° respectively). The specimens used previously (Nathan and 
Watson, J., 1933, 217) had m. p.’s 19-8° and 51-6° respectively. 

p-Iodoacetophenone was obtained by a modification of Schweizer’s procedure (Ber., 1891, 
24, 551), which gave better results than Nathan and Watson’s method. To a solution of dry 
iodobenzene (40 g.) and freshly-distilled acetyl chloride (16 c.c.) in dry carbon disulphide (60 c.c.), 
finely-powdered aluminium chloride (20 g.) was added slowly, vigorous ebullition being avoided 
by cooling. After 15 mins.’ shaking, the solvent was distilled off quickly, and the residue poured 
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on ice and then steam-distilled. The unchanged iodobenzene (18 g.) was first collected under 
iced water. On the appearance of a white solid, the receiver was changed, and the p-iodoaceto- 
phenone similarly collected. Recrystallised from light petroleum, it was obtained as a white 
solid, m. p. 85° (compare Schweizer, loc. cit.; Nathan and Watson, loc. cit.) ; yield, 40%. 

p-Fluoroacetophenone (colourless oil, b. p. 71°/5 mm.; Schiemann and Pillarsky, Ber., 1931, 
64, 1340, give 77—78°/10 mm.) was prepared by the Friedel-Crafts method from fluorobenzene 
(obtained as in ‘‘ Organic Syntheses,’’ Vol. 13, 46). 

p-Nitroacetophenone was prepared by a modification of Drewsen’s method (Annalen, 1882, 
212, 160). Bromine was added to ethyl p-nitrocinnamate, the product (128 g.) dissolved in 
absolute alcohol (75 c.c.), and treated with potassium hydroxide, (56 g.) also in alcohol (150 c.c.). 
The mixture was refluxed for 5 minutes, cooled, acidified with dilute sulphuric acid, and extracted 
with ether. Drying, removal of ether, and crystallisation from alcohol yielded 70 g. of crude 
p-nitrophenylpropiolic acid. This was stirred slowly into a mixture of sulphuric acid (370 g.) 
and water (180 c.c.), and maintained at 110° until all had dissolved and frothing ceased. Cooling 
and pouring into cold water yielded a black solid, which was dried, powdered, and extracted 
several times with light petroleum; 20 g. of crude p-nitroacetophenone thus obtained were 
purified by being twice shaken in warm light petroleum with animal charcoal, filtered hot, 
and allowed to crystallise. Yield 12 g.; m. p. 80° (Drewsen records 80—81°; the specimen used 
by Nathan and Watson had m. p. 78-4°). 

Velocity Measurements.—The 75% acetic acid was prepared by diluting 750 c.c. (at the 
required temperature) of acetic acid, purified by Orton and Bradfield’s method (J., 1927, 983), 
to 1 litre (at required temperature) with pure distilled water containing sufficient hydrochloric 
acid (previously distilled) to give a 0-5M-solution. In preparing the reaction mixtures, 90 c.c. 
of this medium were added to the weight of ketone required for a 0-1M-solution, and the volume 
made up to 100 c.c. with a solution of bromine of suitable concentration in the same medium. 
The intial concentrations were: [ketone], 0-1M ; [HCI], 0-5M; [Br,], 0-005M. 20C.c. were with- 
drawn at measured time intervals and added to about 50% excess of aqueous potassium iodide. 
With this procedure there was no measurable liberation of iodine by the bromo-ketone except 
with m- and p-iodoacetophenones, where the buffer previously employed by Nathan and Watson 
was utilised. Titration with N/50-thiosulphate led to the data recorded in the table (p. 1169). 


We express our indebtedness to Messrs. Imperial Chemical Industries for grants which have 
largely defrayed the cost of this investigation. 
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277. The Influence of Nuclear Substituents upon Side-chain Reactions. 
Part III. The Base-catalysed Prototropy of Substituted Acetophenones. 


By V. G. Morcan and H. B. Watson. 


In the commonly accepted mechanism for the base-catalysed prototropy of carbonyl 
compounds (Lapworth and Hann, J., 1902, 81, 1512), the initial step is the removal of the 
a-proton. It has been suggested, however (Watson, Nathan, and Laurie, J. Chem. Physics, 
1935, 3, 170), that the carbonyl carbon atom forms a link with the basic catalyst (compare 
cyanohydrin formation; Lapworth, J., 1903, 83, 995; 1904, 85, 1206), with simultaneous 
polarisation of the double bond, these processes being followed by the transformations 
referred to in the preceding paper as (a) and (8). On this view, the relatively high energy 
of activation found by Smith (J., 1934, 1744) for basic catalysis would be due to the 
necessarily complete polarisation of the double bond at the instant of reaction with the 
catalyst. According to either mechanism, base-catalysed prototropy will be facilitated by 
recession of electrons from the seat of reaction, and is therefore a reaction of ‘‘ Type B”’ 
(Ingold and Rothstein, J., 1927, 1217). 

We have measured the velocities of prototropic change at 35° of a number of substituted 
acetophenones, employing 0-1M-solutions in 75% acetic acid in presence of a constant 
quantity of sodium acetate, and the general order of velocities (NO,>Hal>H, t.e., the 
reverse of that for acid-catalysed prototropy) is in accordance with expectations. The 
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results are recorded below, the figures referring to fall of N/50-thiosulphate titre per 


minute for 20 c.c. of solution. 
Substituent. Velocity. Substituent. Velocity. 


F, 0°0261; Cl, 0°0198; Br, 0°0198; I, 0:0240 
F, 00242; Cl, 0°0206; I, 0°0249 


It has been pointed out (preceding paper) that, on the basis of Watson, Nathan, and 
Laurie’s mechanism for acid-catalysed prototropy, the influence of the substituent upon 
the second stage of the process will be opposed to its effect upon the initial reaction of the 
ketone with the catalyst; in the base-catalysed change, however, both stages will be 
influenced in the same sense, a substituent which favours the reaction of ketone with 
catalyst also facilitating the removal of the «-proton. 

The figures in the above table provide a further example of the greater effect of p- 
than of m-nitroxyl (compare Dippy, Watson, and Williams, this vol., p. 348). The reverse 
applies to the velocity of acid-catalysed prototropy (preceding paper); since the values of 
the energy of activation are indistinguishable, however, this may be ascribed to the 
favourable effect of resonance upon the production of enol in the second stage of the 
process. 

The order of the halogens among themselves is quite irregular, and it is impossible to 
determine how far this is due to the occurrence of the reaction in stages, both of which are 
influenced. Attention may perhaps be drawn to the fact that the irregularity is observed 
for m-halogen and not for p-halogen only ; marked anomalies for halogen in the m-position 
are rare (see following paper), the most definite example being the inversion of the order 
of strengths in the m-halogenophenylboric acids (Bettmann, Branch, and Yabroff, J. Amer. 
Chem. Soc., 1934, 56, 1865). In our work on acid-catalysed prototropy (preceding paper) 
the differences in the energies of activation are scarcely outside the limits of experimental 
error. 

We wish also to record that ~-methoxyacetophenone undergoes acid-catalysed proto- 
tropy at 25° (conditions as in preceding paper) more than twice as rapidly as acetophenone, 
the speeds being 0-497 and 0-244 respectively. This relatively powerful acceleration by 
p-methoxy]l is in accord with anticipation; the compound normally has a configuration 
intermediate between the unperturbed forms (compare Bennett and Glasstone, Proc. Roy. 
Soc., 1934, 145, A, 71), but will enter into reaction in the most favourable condition (electro- 


meric effect, operative on demand). 


The preparation of the nitro- and halogeno-acetophenones has been described in the 
preceding paper, and the velocities were determined in the usual manner, 2 g. of crystalline 
sodium acetate being added to each 100 c.c. of reaction mixture. »-Methoxyacetophenone was 
prepared by the Friedel-Crafts method, m. p. 38° (compare Auwers, Annalen, 1915, 408, 246). 
The velocities of bromination of the nitro- and halogeno-compounds increased, the former very 
considerably, towards the end of the reaction, owing to dibromination, and the figures recorded 
are therefore those for the early portion of the measurements. 


THE TECHNICAL COLLEGE, CARDIFF. (Received, July 1st, 1935.] 





278. The Influence of Nuclear Substituents wpon Side-chain Reactions. 
Part IV. A Reconsideration of the Quantitative Relationship 
between Energies of Activation and Dipole Moments. 


By D. P. Evans, V. G. MorGan, and H. B. Watson. 


THE recently-acquired knowledge of the values of dipole moments, and the recognition of 
these as a numerical expression of the relative electron-attractive or electron-repulsive 
characters of groups, have led to the consideration of polar influences on quantitative lines. 
The values of the dissociation constants of monocarboxylic acids provide a series of figures 





Nuclear Substituents upon Side-chain Reactions. Part IV. 1175 


upon which such quantitative considerations can be based, and Waters (Phil. Mag., 1929, 
8, 438) sought to correlate the dissociation constants of a number of benzoic acids, 
X-C,H,°CO,H, with the dipole moments of the corresponding substituted benzenes, 
X-C,H;. He suggested a linear connection of log K with u in cases where the issue was not 
obscured by electromeric or steric effects, but this simple relationship was far from accurate. 
Later, Nathan and Watson (J., 1933, 890) obtained a smooth curve on plotting the values of 
log K for a series of substituted acetic acids against the dipole moments of the corresponding 
methane derivatives X-CH,, and they deduced the formula log K = log Ky — C(u + ay’), 
K, being the value of K for the unsubstituted acid, C and a constants for the series, and u 
having its conventional sign. The expression held with a considerable degree of accuracy. 
A recent examination (Dippy and Watson, Chem. and Ind., in the press) of the applicability 
of the expression to the dissociation constants of substituted benzoic and phenylacetic acids 
has led to the conclusion that in these series also it holds when the inductive effect of the 
substituent is alone operative, divergences being found for resonating groups and halogens 
in the -position, and possibly for halogens in the m-position. Some progress has thus been 
made in the quantitative correlation of dissociation constants of acids with the dipole 
moments of the appropriate substituted methanes or benzenes. 

The possibility of a similar relationship between dipole moments and an appropriate 
function of reaction velocity is suggested by Hammett and Pfluger’s observation (J. Amer. 
Chem. Soc., 1933, 55, 4079) that an approximately straight line is obtained when values of 
log k for the reaction of trimethylamine with certain esters are plotted against those of 
log K for the corresponding acids. Such a relationship was, indeed, found to exist * 
(Nathan and Watson, Joc. cit.) for the acid-catalysed prototropy of a series of nuclear- 
substituted acetophenones; it was based, however, on the postulate that the observed 
velocities were a measure of the speeds of reaction of the ketones with the catalyst, and 
the fuller investigation described in Part II of this series (this vol., p. 1167) has indicated 
that this is probably not the case. Nathan and Watson (Part I, J., 1933, 1248; Nature, 
1934, 133, 379) also examined the velocities of 13 other side-chain reactions (the only ones 
for which suitable data were available), and suggested that the following expressions were 
widely applicable : 

for reactions of Type A, E = Ey — C(p — ap’), 

for reactions of Type B, E = Ey+ C(u+ ap), 
E and E, being the energies of activation relating to the substituted and unsubstituted com- 
pounds respectively. The assumption was made throughout that no factor other than E 
is changed by the introduction of substituents, and divergences were found in cases where 
the operation of electromeric effects was to be anticipated. Waters (J., 1933, 1551; 
Nature, 1934, 134, 178) has suggested that the terms in p and py? represent the field and 
inductively-transmitted effects respectively. 

The sign of the yu? term presented difficulty, and the object of this communication is to 
show that, with certain reservations concerning reactions and groups of special characters, 
the expression E = Ey + C(p + ay*) is probably applicable to all side-chain reactions for 
which suitable data are available, the alternative positive and negative signs referring to 
reactions of Types B and A respectively. 

The demonstration by Williams and Hinshelwood (J., 1934, 1079) that, in the benzoyl- 
ation of anilines, substituents either in the amine or in the acid chloride influence almost 
exclusively the energy of activation, and the further proof by Hinshelwood and Legard (this 
vol., p. 587) of the predominating importance of E in esterification processes, make it clear 
that the energy of activation is the correct quantity for consideration in any attempt to 
relate reaction velocities with dipole moments. Since the benzoylation of aromatic amines 
is the only case where it has been shown definitely that, for a whole series of nuclear 
substituents, changes in factors other than E are inconsiderable, and since accurate values 

* A logarithmic connection between reaction velocities and dipole moments (log k/kyx u) was pre- 
viously sought by Waters (loc. cit.) on the basis of Olivier’s results for the hydrolysis of substituted 
benzyl chlorides, and by Drs. Shoppee and Goss (private communication) for the prototropy of the 
ay-diphenylmethyleneazomethine system. 
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of E are here available, Williams and Hinshelwood’s results clearly form a convenient 
starting point. The reaction is facilitated (a) by electron-repulsive substituents in the 
amine and (b) by electron-attractive substituents in the acid chloride, and hence the two 
sets of data provide one example of each type of side-chain process. The halogen-sub- 
stituted compounds being omitted, the energies of activation are given by the following 
expressions : 

substituent in amine, E = Ey — 1352(u + 0-043), 

substituent in acid chloride, E = Ey + 1055(u + 0-165y%). 
It should be emphasised (since the expressions refer to substituents in the p-position) that the 
existence of the yu? term is not to be ascribed to the electromeric or mesomeric effects of 
nitroxyl, which are of the same sign as the inductive effect, since a linear relationship 
between E and » would demand, in both cases, a larger and not a smaller effect for p-NO,. 


Fie. 1. Fic, 2. 
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Williams and Hinshelwood’s results therefore indicate that, for one reaction of Type A and 
one of Type B, where values of E are known accurately, and where changes in other factors 
are negligible, the expression E = Ey + C(u + ay?) is applicable for CH;, H, and NOx. 
The values of E for the reaction of an acid catalyst with a series of substituted aceto- 
phenones have been recorded in Part II (loc. cit.), and the plot of these against the dipole 
moments of the appropriate substituted benzenes is shown in Fig. 1. The curve connecting 
the points for CH;, H, and NO, is given by the expression, E = Ey — 429(p + 0-125y%). 
The deviations of the m-halogeno-compounds from this curve are within the limits of 
experimental efror, but halogen in the p-position leads to a larger divergence, always in the 
same direction, the value of E being less by 200—300 cals. than that calculated (see table 


below). 


Substituent. Bute Bun. Substituent. Eguic. Bua. 

ene 20,000. (m) 20,000 re 20,720 m) 20,780; (p) 20,570 
a 20, EE ahanecuaiens 20,710 m) 20,760; (p) 20,390 
SP ae 21,040 (mand p) 21,040 SE atlusot 20,650  (m) 20,680; (p) 20,410 


Wisssiidestinnts 20,690  (m) 20,720; (p) 20,470 
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The more detailed investigation of this reaction has thus confirmed Nathan and Watson’s 
observation of a quantitative relationship involving terms in » and p?, but has led to a 
modification of their original formula, the yz? term retaining the positive sign found in the 
expressions referring to the dissociation constants of carboxylic acids and the benzoylation 
of amines (above). -Halogen is also found to show irregularity. 

When an attempt is made to extend the survey to other side-chain reactions, the diffi- 
culty arising from lack of data is at once encountered. It is, moreover, difficult to estimate 
the relative accuracy of the data available, and in the majority of cases measurements are 
restricted to one temperature. The thirteen reactions selected for consideration in Part I 
included the (acid) hydrolysis of benzyl chlorides (Olivier, Rec. trav. chim., 1922, 41, 301, 
646; 1923, 42, 516, 775), and recent work (Olivier and Weber, 7bid., 1934, 53, 869) has shown 
that the mechanism of this reaction is doubtless of a composite character, a unimolecular 
hydrolysis being superimposed upon the bimolecular change (Hughes and Ingold, this vol., 
p. 244). This probably accounts for the unexpectedly high velocity of hydrolysis induced 
by #-methyl, which will favour the unimolecular change Ph-CH,Cl > Ph-CH,® + Cl° 
(compare the hydrolysis of alkyl halides, Hughes and Ingold, Joc. cit.). An unusually 
powerful effect of p-alkyl is also found in the alcoholysis of benzhydryl chloride (Norris, 
Banta, and Blake, J. Amer. Chem. Soc., 1928, 50, 1804) and in the N-chlorination of acet- 
anilide (Williams, J., 1930, 37), and it is obvious that complications render these reactions 
unsuitable for consideration. It may be pointed out, however, that unusual features do 
not appear to be present in the N-chlorination of acetobenzylamides (Williams, loc. cit.) and 
in the acid hydrolysis of 8-chloro-sulphides (Baddeley and Bennett, J., 1933, 261), where the 
carbon atom at which substitution occurs is not attached directly tothe nucleus. Reference 
may also be made to Cain and Nicoll’s observation (J., 1902, 81, 1412) that the decom- 
position of diazo-compounds is accelerated by m- but retarded by p-methyl. 

We have made a careful re-examination of the data for the remaining 11 reactions which 
were dealt with in Part I (where full references and figures are given), and we find that, if 
certain postulates are accepted, there is no reason to doubt the applicability throughout of 
the expression E = E, + C(u + ay?). The necessary postulates are as follows : 

(1) That changes in factors other than E are not sufficiently great to have an important 
influence upon the velocities. This assumption was made by Nathan and Watson prior to 
the appearance of Williams and Hinshelwood’s demonstration of its correctness for one 
reaction, and they pointed out (Part I) that it leads to the expression 

E = E, — 2-303 RT (log k/z — log Ro/z9) 
which, when combined with the formula E = E,+C(u-+ ay?), gives the equation 
log k/z = log ky/z) = x(u + a2). We have followed the procedure adopted in Part I of 
examining the relationship of log k/z to u. 

(2) That the “‘ effective polarity” of an “inclined” group is measured by u cos 6, 
where p. is the experimentally determined dipole moment of the appropriate benzene deriv- 
ative, and @ is the angle of inclination of the group to the plane of the nucleus. This 
assumption was also made by Nathan and Watson (Nature, 1934, 133, 379). The valency 
angles of oxygen and nitrogen being taken as 105° and the tetrahedral angle respectively 
(Mecke, Z. Physik, 1933, 81, 313; Dennison and Uhlenbeck, Physical Rev., 1932, 41, 313), 
the values of the “‘ effective moments ”’ in anisole, aniline, and dimethylaniline become 
— 0-31, 0-51, and 0-53 respectively. 

(3) That the relationship between E and uy is not applicable for resonating groups and 
halogens in the #-position, and is doubtful for m-halogens. If p-substituted compounds 
alone are considered, the resonance effect of nitroxyl may lead to a lower value of a (less 
curvature) than would be found if data for m-NO, were available. 

Our survey of the available data in the light of the above postulates has led us to con- 
clude that, their correctness being granted, the equation E = Ey + C(u + ay*) applies 
fairly accurately to all these reactions, and it is not unreasonable to suggest that the 
agreement found may be regarded as some justification for the suggestion that the constancy 
of factors other than E throughout a series of substituted compounds, although actually 
proved for one reaction only, may be found to hold for a considerable number of side-chain 

4H 
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processes. Throughout the reactions examined, p-alkoxyl and f-halogens show marked 
divergences, but m-halogens, where data are available, diverge but little, if at all, from the 
expected relationship. The influence of #-methy]l is almost invariably greater than that of 
m-methyl, and this may be ascribed to electromeric displacements set up by the group in 
accordance with the scheme usually accepted to explain the op-directive influence of alkyl 
substituents (Allan, Oxford, Robinson, and Smith, J., 1926, 409; Ingold and Ingold, 7did., 
p. 1312); the effect of p- but not of m-methyl would thereby be enhanced. 

Fig. 2 shows the plot of log k/z against p for a typical reaction (alkaline hydrolysis of 
benzoic esters; Kindler, Annalen, 1926, 450, 1; 1927, 452,90; 1928, 464, 278), where data 
for both m- and #-substituents are available. No attempt is made in this paper to deal 
with o-substituted compounds, which present special problems. 


SUMMARY. 


1. In three cases where energies of activation have been determined for a given reaction 
of a series of m- or p-substituted aromatic compounds, their relationship with the dipole 
moments of the corresponding substituted benzenes is given by the expression E = Ey + 
C(u + ay*), although divergences are found for substituents, such as the halogens, where the 
complete polar effect is not measured by the dipole. 

2. This expression is comparable with the relationship previously found for the dissoci- 
ation constants of carboxylic acids. It represents a slight modification, in the light of new 
experimental data, of Nathan and Watson’s original formula. 

3. The same relationship is found in eleven other reactions which have been measured 
at one temperature only, on the assumption that, throughout a series of nuclear-substituted 
compounds, all factors other than the energy of activation are constant. 

4. It is suggested that both the constancy of factors other than E and the relationship 
between E and pu may persist throughout a large number of side-chain processes, reservations 
being made with regard to reactions and groups of a special character. 


THE TECHNICAL COLLEGE, CARDIFF. [Received, July 1st, 1935.] 





279. The Condensation of Halogen-substituted Aldehydes with 
Nitromethane. 


By F. D. CHatraway and P. WITHERINGTON. 


THE condensation of aldehydes with nitromethane was first observed by Henry (Compt. 
vend., 1895, 120, 1262), who found that under slightly alkaline conditions «-nitro-8-hydroxy- 
paraffins were formed: R-CHO + CH,*-NO, —> R-CH(OH)-CH,°NO,. In particular, 
he found (Bull. Acad. Roy. Belg., 1896, 32, 17) that chloral afforded a crystalline compound, 
trichloronitroisopropyl alcohol, but he merely described its behaviour with caustic alkalis 
and phosphorus pentachloride. 

The condensation of the halogen-substituted aliphatic-aldehydes is so characteristic 
that it has been further studied. Each of the three common trihalogen-substituted alde- 
hydes, chloral, bromal, and butylchloral, combines equally readily with nitromethane in 
the presence of salts of weak acids yielding respectively yyy-trichloro-a-nitro-B-hydroxy- 
propane, CCl,-CH(OH)-CH,*NOg, the éribromo-analogue, and yy3-trichloro-a-nitro-B-hydroxy- 
pentane, CH,*CHCI-CCl,-CH(OH)-CH,"NO,. 

They are all colourless, well-crystallised solids of low melting point, and, under a low 
pressure, can be,distilled without decomposition. The first two products, each of which 
contains an asymmetric carbon atom, are inactive mixtures of the two possible active 
stereoisomerides, and the third, which contains two asymmetric carbon atoms, is an 
inactive mixture of the four possible active forms. Separation of these inactive mixtures, 
however, has not been effected, for both they and their esters are low-melting, and 
cannot without great loss be crystallised from solvents. 

They are readily acetylated by acetic anhydride, the esters formed being also inactive 
mixtures of the active forms. 
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EXPERIMENTAL. 


yyy-Trichloro-a-nitro-B-hydroxypropane.—165-5 G. of chloral hydrate (1 mol.), 61 g. of nitro- 
methane (1 mol.), and 25 g. of sodium sulphite were dissolved in 250 c.c. of water. A clear, 
colourless solution was thus obtained which, on heating, remained clear till the temperature 
approached 60°, whereupon it suddenly became cloudy and the condensation product separated 
as a heavy, colourless liquid. The heating was continued to 70° to complete the reaction. The 
whole was then cooled, and the heavy layer separated, washed with water, and distilled under 
reduced pressure. ’ 

yyy-Trichloro-a-nitro-B-hydroxypropane distils at 119°/3 mm. as a colourless liquid which, 
on cooling (if necessary in an ice chest), slowly solidifies to a hard, colourless, crystalline mass. 
Several times remelted and allowed partly to solidify, with rejection of the liquid portion, the 
final product softened at about 44—45° and melted at 45—46°. It is difficult to crystallise 
from any solvent on account of its low m. p. and ready solubility in all ordinary solvents; it 
crystallises from the molten liquid in colourless, rhombic plates (yield 208 g.; quantitative) 
(Found: C, 17-32; H, 1-9; N, 6-5; Cl, 50-9. C,H,O,NCl, requires C, 17-25; H, 1-92; N, 6-7; 
Cl, 51-04%). It does not appear to condense further with chloral for it remains unchanged 
when its aqueous-alcoholic solution is warmed with excess of chloral hydrate in the presence of 
sodium sulphite. 

Other salts, e.g., potassium carbonate, sodium acetate, and borax, similarly catalyse the 
condensation but, although they lead to a good yield, the initial product is not so pure as when 
sodium sulphite is used. 

Acetyl derivative. 104 G. of the substance were treated with 102 g. (2 mols.) of acetic anhydr- 
ide. The mixture, which became warm, was heated on a water-bath for 1 hr. and then distilled 
under reduced pressure. After acetic acid and excess anhydride had passed over, the acetyl 
derivative distilled at 148°/16 mm. or 160°/25 mm. as a colourless liquid which quickly 
solidified to a mass of colourless crystals (yield theoretical). It is very readily soluble in 
boiling alcohol, from which it crystallises in colourless, six-sided prisms with domed ends, 
m. p. 61—62° (Found: Cl, 42-58. C;H,O,NCI, requires Cl, 42-51%). 

yyy-Tribromo-a-nitro-B-hydroxypropane.—50 G. of bromal hydrate (1 mol.) and 15 g. of 
nitromethane (1} mols.) were shaken with 80 c.c. of water till a clear solution was obtained ; 
2 g. of potassium carbonate were added, and the whole warmed to 50—55°. The colourless 
solution became slightly yellow, and yyy-iribromo-a-nitro-B-hydroxypropane separated as a heavy 
liquid (yield, 51 g.; theo., 54 g.). 

This was separated and shaken several times with very dilute hydrochloric acid, until it 
became colourless; 10 c.c. of chloroform were added, the chloroform solution dried (calcium 
chloride), mixed with a few c.c. of low-boiling petroleum, and cooled in ice. The required com- 
pound separated in colourless, granular aggregates, readily soluble in chloroform, from which 
it crystallises in colourless, transparent plates, m. p. 78° (Found: Br, 70-16. C,sH,O,;NBrs 
requires Br, 70-2%). 

Acetyl derivative. Prepared by warming 34-2 g. of the substance with 25 g. of acetic anhydr- 
ide (2} mols.), this separated on cooling as a colourless solid. It was recrystallised from acetic 
acid, in which it is easily soluble and from which it separates in brilliant, colourless, stout, 
six-sided prisms ; m. p. 70° (Found : Br, 62-54. C,;H,O,NBr, requires Br, 62-5%). 

yys-Trichloro-a-nitro-B-hydroxypentane.—193-5 G. of butylchloral hydrate (1 mol.), 50 c.c. 
of alcohol, and 90 g. of nitromethane (1} mols.) were added to 250 c.c. of water, and the sus- 
pension warmed to about 35°; 50g. of sodium sulphite were added to the clear solution thus 
obtained, whereupon it almost at once became cloudy, a heavy liquid separating. The whole 
was then heated with constant shaking to 60°, and on standing it separated into two layers of 
about equal bulk. The colourless lower layer was separated, well washed with water, and 
distilled under reduced pressure; b. p. 156°/4 mm. The colourless, viscid distillate, on standing 
in an ice chest over-night, solidified to a beautifully crystalline, colourless mass; m. p. ca. 20° 
(yield theoretical) (Found: Cl, 44-8. C,;H,O,NCI, requires Cl, 45-0%). Potassium carbonate 
may be used as a condensing agent but the product is not so pure. 

Acetyl derivative. 47-3 G. of the pentanol were heated with 40-8 g. of acetic anhydride (2 
mols.) to about 140° and then distilled under reduced pressure. The acetyl derivative passed 
over at 168°/4 mm. as a thick, viscid, colourless liquid (Found : N, 5-1; Cl, 38-3. C,H,,O,NCI, 
requires N, 5-0; Cl, 38-2%), which did not solidify when kept in an ice-chest for several days. 
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280. A New Reaction of the Dichloroacetyl Group in Derivatives 
of Glucose. 


By D. J. BELL. 


THE author has recently discovered that dichloroacetyl groups occupying positions 2, 3, 4, 
and 6 in «- and 8-methylglucopyranosides may be quantitatively eliminated by the action 
of silver acetate suspended in aqueous acetone, whereas acetyl, benzoyl, p-toluenesulphonyl, 
or benzylidene groups are not removed from the molecule. Unfortunately, in certain in- 
stances, the well-known tendency of acyl groups of sugar derivatives to migrate, in alkaline 
media, towards position 6, appears to limit the application of this otherwise useful reaction 
which is also hindered by toluenesulphony] groups. By the action of dichloroacetyl 
chloride on solutions of the appropriate starting materials below — 10°, the following 
substances were prepared: (a) crystalline: 2: 3-bisdichloroacetyl benzylidene a- and 
-B-methylglucosides ; 4-dichloroacetyl 2:3: 6-triacetyl B-methylglucoside ; 6-dichloroacetyl 
2:3: 4-tri-p-toluenesulphonyl -methylglucoside; 6-dichloroacetyl 2:3-dibenzoyl 4-p- 
toluenesulphonyl a-methylglucoside ; (b) amorphous: 4: 6-bisdichloroacetyl 2 : 3-dibenzoyl 
a-methylglucoside ; 6-dichloroacetyl 2 : 3 : 4-tribenzoyl a-methylglucoside. 

The results obtained on treatment of the above substances with silver acetate are 
tabulated below. Diminished yields are due to acyl migration. 


Derivatives of methyl glucoside. Crude yield, %. Pure yield, °%. 
: 3-Bisdichloroacetylbenzylidene-a- 96 


2 

2 : 3-Bisdichloroacetylbenzylidene-B- 97 

4-Dichloroacety] 2 : 3 : 6-triacetyl-f- 91 

4 : 6-Bisdichloroacetyl 2 : 3-dibenzoyl-a- 63 * 

6-Dichloroacetyl 2 : 3 : 4-tribenzoyl-a- ’ 42 f 

6-Dichloroacetyl 2 : 3 : 4-tri-p-toluenesulphonyl-f- f nil 
* Isolated as crystalline diacetate. 

p-toluenesulphonate. 


” ” 


The case of 6-dichloroacetyl 2:3: 4-tri-p-toluenesulphonyl 8-methylglucoside is of 
interest. Although the dichloroacetyl group was completely eliminated, the product 
was not pure 2:3: 4-tri-p-toluenesulphonyl 6-methylglucoside, suggesting that migration 
and slight loss of toluenesulphony] may have taken place. 

In only one example investigated was the dichloroacetyl group completely resistant, 
viz., in 6-dichloroacetyl 2 : 3-dibenzoyl] 4-p-toluenesulphonyl «-methylglucoside, the starting 
material being recovered unchanged. This result cannot. be attributed solely to the 
presence of the toluenesulphonyl group in position 4, since the same substituent in 2 : 3 : 4- 
tri-p-toluenesulphonyl 6-methylglucoside caused no interference. 


EXPERIMENTAL, 


Introduction of the Dichloroacetyl Group.—The starting material was dissolved in 5 parts of 
dry pyridine, and, the temperature being kept below — 10°, a solution of 1-5 parts per hydroxyl 
group of dichloroacetyl chloride in 2 vols. of dry benzene was added dropwise with stirring. 
The whole was kept in ice for 3 hours, and more benzene and water were then added. The 
product was obtained from the benzene solution, after appropriate washing, by evaporation 
in a vacuum and the addition of a little alcohol, from which the crystalline derivatives readily 
separated. 

Elimination of Dichloroacetyl Group.—To a solution of the dichloroacetate in 25% aqueous 
acetone, were added solid silver nitrate and sodium acetate (each 25% excess over theory per 
chlorine atom). The whole was heated under reflux on the boiling water-bath for 3 hours, the 
solid matter removed by filtration, and the filtrate evaporated to dryness under reduced pressure. 
The product was obtained from the solid residue by extraction with boiling chloroform, and the 
solvent distilled off. Neither silver nitrate nor sodium acetate separately affected the dichloro- 
acetyl groups. 

Rotatory powers were determined in chloroform in a 2-dm. tube, unless otherwise stated. 

2: 3-Bisdichloroacetyl Benzylidene a-Methylglucoside (1).—10 G. of benzylidene «-methyl- 
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glucoside yielded 8-5 g. (50%) of long needles from alcohol, m. p. 120—122°, [a]i® + 57-6° 
(c = 5-642) (Found: Cl, 27-1; OMe, 6-2. C,,H,,0,Cl, requires Cl, 28-1; OMe, 6-16%). The 
substance is easily soluble in organic solvents except light petroleum and cold alcohol. 

Elimination of dichloroacetyl. The crude product obtained from 1-000 g. of (I), when 
recrystallised from water, gave 0-560 g. (96%) of needles, m. p. 161°, undepressed after admixture 
with 4: 6-benzylidene a-methylglucoside; [«]}® + 117-8° (J = 4, c = 5-642). Mathers and 
Robertson (J., 1933, 696) quote [«]p + 117-5° for the latter substance. 

2 : 3-Bisdichloroacetyl Benzylidene B-Methylglucoside (II).—3-7 G. of benzylidene 6-methyl- 
glucoside yielded 2-5 g. (53%) of fine needles, from alcohol, m. p. 154—155°, [a]}® — 63-7° 
(¢ = 3-477) (Found: Cl, 28-1. C,sH,,0,Cl, requires Cl, 28-1%). Solubilities as for (I). 

Elimination of dichloroacetyl. The crude product from 0-815 g. of (II), recrystallised from 
water, gave 0-463 g. (97-4%) of fine needles, m. p. 200°, undepressed after admixture with 
4: 6-benzylidene ®-methylglucoside; [a]}® — 74-5° in alcohol (/ = 4, c= 0-614). Zervas 
(Ber., 1931, 64, 2289) gives [a], — 74-8° for the latter substance. 

4-Dichloroacetyl 2:3: 6-Triacetyl 8-Methylglucoside (III).—7-0 G. of triacetyl methyl- 
glucoside (Levene and Raymond, J. Biol. Chem., 1932, 97, 763) yielded 7-9 g. (80-9%) of prisms, 
m. p. 78—79-5° (from alcohol), [«]}®* — 30-0° (c = 4-157) (Found: C, 41-74; H, 4-65; Cl, 16-20; 
OMe, 7:10. C, 3H. 0, Cl, requires C, 41-76; H, 4-64; Cl, 16-47; OMe, 7-19%). Solubilities 
as for (I). 

Elimination of dichloroacetyl. 2-670 G. of (III) gave 1-980 g. of crude product (theor. yield) 
which rapidly crystallised. Recrystallisation from dry ether gave 1-803 g. of needles, m. p. 
112—115° (no depression with 2: 3: 6-triacetyl 8-methylglucoside), [«]} — 62° (c = 3-238). 
Helferich and Bredereck (Ber., 1931, 64, 2411) and Levene and Raymond (loc. cit.) give respect- 
ively [a], — 64-9° and — 59° for the latter substance. 

4 : 6-Bisdichloroacetyl 2:3-Dibenzoyl a-Methylglucoside (IV).—6-0 G. of 2: 3-dibenzoyl 
a-methylglucoside (Mathers and Robertson, J., 1933, 1076; Bell, J., 1934, 1177) yielded an 
amorphous product; this was dissolved in ether, and light petroleum added to turbidity, a 
small amount of deeply coloured material being precipitated. The supernatant liquid gave, 
on evaporation, 6-3 g. (96%) of an almost colourless glass, [«]}® + 119-6° (c = 4-210) (Found : 
OMe 5-06. C,,;H,,0, Cl, requires OMe 4:97%). 

Elimination of dichloroacetyl. 5-0 G. of (IV) yielded, after the crude product had been boiled 
in ether with norit, 3-10 g. (96%) of a pale yellow glass having the composition of a dibenzoyl 
methylhexoside, [«]}® + 153-3°. Bell (loc. cit.) found that 2 : 3-dibenzoyl «-methylglucoside had 
[a]p + 165°, and that, on acetylation, it yields at least 90% as the crystalline diacetate. The 
product described above was acetylated, and a crystalline diacetate obtained in 96% yield. 
This was impure, and careful fractional crystallisation yielded pure 2 : 3-dibenzoy] 4 : 6-diacetyl 
a-methylglucoside, m. p. 124—126°, [a]}®* + 140-6° (Bell, Joc. cit.), in amount corresponding to 
only 63% of the initial material. The residue (composition of dibenzoyl diacetyl methylhexoside) 
had [a8 + 110°. Isomerisation had obviously occurred. 

6-Dichloroacetyl 2:3:4-Tribenzoyl a-Methylglucoside (V).—1-5 G. of 2:3: 4-tribenzoyl 
a-methylglucoside (Helferich and Becker, Annalen, 1924, 440, 1) yielded 1-6 g. (87-4%) of a 
rather insoluble brown glass which could not be crystallised; [«]}® + 45-3° (c = 3-100) (Found : 
Cl, 11-1. Cy9HygOy9Cl, requires Cl, 11-5%). 

Elimination of dichloroacetyl. 0-9 G. of (V) yielded (after treatment with norit in ether) 
0-6 g. of a colourless glass, [«]}®* + 45-4° (2: 3 : 4-tribenzoyl «-methylglucoside has [a], + 54:8°; 
Bell, Joc. cit.). Since isomerisation had apparently occurred, as with (IV), the material was 
converted into the toluenesulphonyl] derivative, under conditions normally giving a 90% yield 
of 6-toluenesulphonyl tribenzoyl a-methylglucoside. An impure crystalline product was ob- 
tained, and on fractional crystallisation it gave 0-300 g. of pure 6-toluenesulphonyl tribenzoyl 
a-methylglucoside (38% yield), identified by m. p., mixed m. p., and [a]p. 

2:3: 4-Tri-p-toluenesulphonyl 8-Methylglucoside (V1).—This was obtained from 2:3: 4- 
tritoluenesulphonyl 8-methylglucoside-6-nitrate (Oldham and Rutherford, J. Amer. Chem. Soc., 
1932, 54, 366) by reduction with zinc and iron in acetic acid; it is extremely insoluble, but 
crystallises readily in small needles, m. p. 188—189°, from glacial acetic acid; [«]}®° — 40-6° 
(i = 4, c = 1-407) (Found: S, 14-3. (C,gH;,0,,S, requires S, 146%). 

6-Dichloroacetyl 2:3: 4-Tri-p-toluenesulphonyl B-Methylglucoside (VII).—0-50 G. of (VI) 
yielded 0-55 g. (94%) of fine needles (from equal parts of acetone and alcohol), m. p. 169—171°, 
[a]? — 19-4° (c = 3-570) (Found: S, 12-4; Cl, 10-0. C39H3,0,35,Cl, requires S, 12-5; Cl, 9-3%). 

Elimination of dichloroacetyl. The product, although free from chlorine, and crystalline, 
was not identical with (VI). It crystallised from acetic acid, in prisms, m. p. 164° not raised by 
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crystallisation from a number of solvents; [«]/*’ — 33-9° (Found: C, 50-49; H, 5-33; S, 10-7, 
CygH 5201253 requires C, 51-2; H, 4:9; S, 14-6%). 

6-Dichloroacetyl 2: 3-Dibenzoyl 4-p-Toluenesulphonyl «-Methylglucoside (VIII).—2-5 G. of 
2 : 3-dibenzoyl 4-toluene-p-sulphonyl a«-methylglucoside (Bell, Joc. cit.) yielded 1-7 g. (56%) of 
lustrous, elongated prisms (from alcohol—acetone), m. p. 140—142°; [«]}® + 100-4° (c = 4-773) 
(Found: C, 53-8; H, 4:47. Cs9H,,0,,SCl, requires C, 53-9; H, 4-19%). 

Elimination of dichloroacetyl could not be effected in this instance: the starting material 
was recovered (pure) in 91% yield. 


The author gratefully records the interest which the late Professor J. J. R. Macleod, F.R.S., 
took in this work. He is indebted to the Commissioners for the Exhibition of 1851 for the award 
of a Senior Studentship, to the Government Grants’ Committee of the Royal Society for a 
grant, and to Dr. Oldham for a donation of material. 
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281. The Oxidation of the Silicon Hydrides. Part I. 
By H. J. EMELEus and K. STEWART. 


THE silicon hydrides form a group of compounds of graded thermal stability and chemical 
reactivity. The first member of the series, silane, can be mixed with oxygen under certain 
conditions without inflammation, whereas silicoethane and higher hydrides are spontane- 
ously inflammable. The investigation of the interaction of these hydrides with oxygen was 
undertaken with the object, first, of determining if the oxidation occurs as a chain reaction, 
and, secondly, of furnishing data for comparison with the well-known oxidation phenomena 
of carbon compounds. Previous work in the field is very scanty. Friedel and Ladenburg 
(Annalen, 1867, 143, 124) reported that mixtures of silane and oxygen ignited spontane- 
ously when the pressure of the gas mixture was reduced. Stock and Somieski (Ber., 1922, 
55, 3961) attempted to moderate the reaction by cooling the reactants to — 110°, but at 
this temperature the gases could be mixed (at low pressures) without violent explosion only 
if excess of nitrogen was present. The violence of the explosions was attributed by Stock 
to detonation of a hydrogen-oxygen mixture formed at an intermediate stage in the oxid- 
ation. Work on the oxidation of silicon hydrides by Schantarowitsch, of which only the 
general conclusions are available (Semenoff “‘ Chemical Kinetics and Chain Reactions,” 
1933, 376), appears to harmonise with the results described below. 


EXPERIMENTAL. 


Preparation of Materials.—Pure silane was prepared, according to Stock and Somieski (Ber., 
1916, 49, 111), by dropping magnesium silicide into 20% hydrochloric acid, washing the evolved 
gas with water, drying it with calcium chloride and phosphoric anhydride, and condensing it in 
liquid nitrogen. The mixture of silicon hydrides so obtained was separated by fractional con- 
densation in a vacuum apparatus of the type described by Stock and Somieski (/oc. cit., 1916). 
Mercury valves were used throughout in place of taps. Hydrides other than silane were 
completely removed by slow distillation in a vacuum through a U-tube cooled to — 125°. The 
monosilane passed through this bath (higher hydrides being condensed), and was stored in a 
globe with a mercury valve. Vapour-pressure measurements on the material used gave the 
following values (those of Stock and Somieski are in parentheses) : —126-6°, 28-79 cm. (28-85) ; 
— 123-3°, 38-69 cm: (38-60); — 119-0°, 49-80 cm. (50-02). Temperatures were measured with 
an ethylene vapour-pressure thermometer. 

Oxygen, prepared by heating potassium permanganate in a vacuum, was purified by passage 
through a trap cooled in liquid air, and collected ina globe. The nitrogen used was taken from a 
commercial cylinder, and purified by passage over red-hot copper gauze. Both sulphur dioxide 
and ethylene were purified before use by fractional distillation in a vacuum. 

Nature of the Reaction.—In a series of preliminary observations it was found that, on allowing 
oxygen to leak through a fine capillary into a tube containing silane at a pressure of about 1 mm., 
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there was no evidence of reaction until a certain amount of oxygen had accumulated. At this 
limiting oxygen pressure a faint flash (visible only in the dark) passed through the gas mixture, 
and a white deposit formed on the walls of the reaction tube. A similar flash was observed on 
compressing a silane-oxygen mixture, initially at a very low pressure, in a McLeod gauge. 

Silane-oxygen mixtures at 1 atm. pressure containing more than about 50% of silane could 
not be prepared at room temperature without explosion taking place. Explosions were mild 
with less than 40% of silane. For mixtures with 40—60% of silane, the explosion was violent 
and generally shattered the apparatus. With still richer mixtures it was milder, but took place 
even at 0—20°. In the explosion of such mixtures, a brown deposit was formed, which, accord- 
ing to Stock and Somieski (/oc. cit., 1922), consists of partially oxidised material (¢.g., SiH ,.90}.3). 
Reaction mixtures with less than about 30% of silane did not ignite at room temperature and 
atmospheric pressure, but, when heated to 100°, the pressure being reduced slowly by connection 
to a pump, explosion took place at a sharply defined limiting pressure. These lower and upper 
critical explosion limits are well-known characteristics of branching chain reactions, and have 
already been observed in the oxidation of phosphorus vapour, phosphine, sulphur, and other 
substances. 

In the investigation described below, the effect of various factors on these explosion limits in 
the oxidation of silane has been studied. At the lower limit, the relation between the limiting 
pressures of silane and oxygen necessary for ignition to take place, and the effect of the diameter 
of the reaction vessel and of the addition of nitrogen on the limits were examined. At the upper 
limit, the effects of temperature, mixture com- Fic. 1. 
position, diluent gases (nitrogen and helium), 
and inhibiting substances (ethylene and sulphur Jo McLeod gauge 
dioxide) have been studied. No analyses of 7" 7! 
the explosion products of silane-rich mixtures 
were carried out. For upper-limit mixtures == 
with 15—30% of silane the reaction was To pumps 
SiH, + 20, = SiO, + 2H,O, as deduced from 
the decrease in pressure in the explosion: after 
the resulting steam had been allowed to con- 
dense, and on the assumption that the gases 








were saturated with water vapour, the decrease 
in pressure was three times the pressure of 
silane taken. Furthermore, the white solid 
reaction product was incapable of reacting with ee a “a > 
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further oxygen. For instance, after explosion 
of a mixture containing 20% of silane by reduction of pressure at 100°, the apparatus was 
rapidly evacuated, and a further 10-2 cm. pressure of oxygen was admitted. After 15 mins.’ 
heating at 100°, the residual pressure was 10-3 cm. A number of tests were also made to 
determine if the residual gas after explosion of these oxygen-rich mixtures was completely 
absorbed by sodium hydrosulphite. This was invariably the case, showing that no free 
hydrogen was formed in the explosion. 

The Lower Critical Oxidation Limit.—The apparatus used in studying the lower limit is 
shown in Fig. 1. The reaction vessel A was a horizontal cylindrical tube 30—40 cm. long. It 
was connected by a standard taper, which permitted tubes of various diameters to be substi- 
tuted readily. Oxygen was admitted through a capillary leak C. A series of calibration experi- 
ments was carried out with the McLeod gauge, in order to determine the pressure established in 
the reaction system with varying times of admission of oxygen. Silane and nitrogen were sup- 
plied from reservoirs containing these gases at known pressures, by the calibrated capillary 
pipettes P’, P’”. All connections were of narrow quill tubing. 

The observations on the lower limit were all made at room temperature (15° + 2°) with the 
inside of the reaction vessel A moistened with a fresh film of concentrated sulphuric acid, which 
was renewed between experiments by turning A slowly. In dry glass tubes, or in contact with 
mercury, the results were not reproducible. The apparatus was first evacuated to a measured 
pressure of 10“ mm., the taps T’, 7” being then closed. Oxygen was then allowed to leak in for 
a measured time, and a known amount of silane (corresponding with a known pressure in the 
reaction system) was admitted from P’. The quantity of silane was readily controlled by 
adjusting the pressure at which P’ was filled. The silane was admitted in the dark, and if a 
flash was observed, the experiment was repeated with less oxygen and the same amount of 
silane until a limiting pressure was reached at which the mixture just flashed. A series of such 
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limiting pressures was then obtained for varying silane pressures. This experimental arrange- 
ment has the obvious disadvantage that mixing of the gases may be incomplete. This error 
was, however, lessened by the facts that the silane pressure in a limit mixture was always 
considerably in excess of the oxygen pressure, and that there was a lag in ignition (which in- 
creased with the oxygen pressure). The flash always took place throughout the tube A. 

Results obtained for silane-oxygen mixtures in four tubes of diameters varying from 1-03 
to 2-67 cm. are shown in Fig. 2, where the partial pressures of the reactants at the limits are 
plotted. The experimental values shown are the mean for mixtures which just ignited and just 
failed to ignite. The limit could be found with an estimated accuracy of + 5% of the oxygen 
pressure. Owing to the faintness of the flash and to the lag in its appearance, it was essential 
to make the observations in a dark room. 


Fic. 2. Fic. 3. 
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Influence of tube diameter : A, 1:03 cm. B, 1°24 Influence of nitrogen on the lower limit. <A, 


cm. C, 1°86 cm. OD, 2°67 cm. constant pressure of nitrogen =0°110 mm. B, 
nitrogen absent. 


The central portions of the above curves approximate to rectangular hyperbole (shown by 
broken lines in thediagram). In the Semenoff theory of chain reactions, the expression d*. po, . Psin, 
at the lower limit should be constant, d being the diameter of the tube A. This is shown in the 
table below to be approximately true. The experimental values used in calculating this product 
are taken from the central portion of the curve (Fig. 2). The divergence from the hyperbolic 
relationship is much more marked in the two lowest curves (d = 1-86 and 2-67 cm.). There is 
apparently some factor operative here which is not taken into account by the simple theory, 
and which further experiments may elucidate. 


d (cm.) ‘ithe a. 1-24 1:86 2°67 
a? . Pox » Pains 00387 0:0389 0:0247 0-0238 


In Fig. 2 the region of inflammation lies to the right of the four curves. Below a certain 
oxygen pressure, ignition did not occur with the highest pressure of the silane used, and vice 
versa. The asymptotic limiting pressures of silane and oxygen were inversely proportional to the 
tube diameter. Hinshelwood and Dalton’s results on the lower limit of phosphine (Proc. Roy. 
Soc., 1929, 125, A, 294) show a similar divergence from the hyperbolic relationship when one of 
the reactants is in excess. The phosphine and oxygen pressures in their experiments were of 
the same order of magnitude, whereas in our experiments, the silane pressure was always much 
larger than that of the oxygen. This agrees with observations made on the upper limit, which 
show that at room temperature only silane-rich mixtures will ignite. 

Influence of Nitrogen on the Lower Limit.—The influence of nitrogen was studied in a reaction 
tube of 1-03 cm. diameter. A series of experiments was made, as already described, to deter- 
mine the limiting oxygen pressure for each of a number of silane pressures, but in every experi- 
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ment a definite and constant amount of nitrogen was added to the oxygen from the pipette 
P” before admission of silane. In Fig. 3 results so obtained are recorded. The upper curve is 
the normal relation between the two gas pressures in absence of nitrogen ; the lower curve shows 
the effect of a constant nitrogen pressure of 0-110 mm. The curves illustrate the depression of 
the lower critical limit in the presence of a diluent gas, indicating that the oxidation of a silane 
is a branching chain reaction. The Semenoff theory of such reactions requires that the expression 


a. Po, - Psin, {1 + by,/ (Po, + Psin,)] 
should be constant, if the function of the diluent gas is to prevent breaking of chains on the vessel 
walls. In Table I are data which show in the last col. the approximate constancy of this expres- 
sion: the values of po, and pgiy, used are those in the central portion of the smoothed curve. 
All pressures are in mm. 


TABLE I. 
Psin,: Por Pn: Pos - Psing: Value of expression. 
0°500 0°055 0°110 0°0275 0°033 
0-450 0-058 0°110 0°0261 0°032 
0°400 0°066 0°110 0°0264 0°033 


There was a definite lag in the ignition of silane-oxygen mixtures at the lower limit, as illus- 
trated by the following values : 


Psin, (mm.) ... 0°233 0°171 0-0998 0°262 0°206 0°172 
Do, (mm.) ...... 0°022 0°0246 0°0361 0°0285 0°032 0°036 
lag (secs.) ...... 60 120 300 20 90 110 


The first three observations were in a tube of 2-5 cm. diameter, and the last three in one of 2 cm. 
diameter. It is unlikely that this lag is due to diffusion, because of the relatively long times 
observed, and we are unable to explain it, but further data are being accumulated under more 
varied conditions. 


Fic. 4. Fic. 5. 
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The Upper Explosion Limit.—The apparatus used in all observations on the upper explosion 
limit is shown in Fig. 4. The reaction bulb A was a cylindrical tube 10 cm. long and 1—2 cm. 
in diameter. The experiments were carried out as follows. The system was evacuated to a 
pressure less than 10-? mm., the tap T’ being then closed, and silane admitted through T” to 
the required pressure, which was read on the mercury manometer; A was then cooled in liquid 
nitrogen, and oxygen admitted through T’” to a pressure somewhat less than that required in the 
final mixture. The silane was allowed to vaporise, and additional oxygen was added to give 
the required mixture, 10—20 mins. being allowed for mixing. A was surrounded with a cylinder 
of copper gauze in case of violent explosions, and immersed, to a fixed mark, in a bath of boiling 
water. The pressure was reduced at the rate of 1 mm. in 3—8 secs. by opening the tap T’ 
slightly, and was read at the instant of explosion. The inside of the apparatus became coated 
with a thin film of silica after the first explosion. Between successive observations, the apparatus 
was filled with dry air, heated with a luminous flame, and evacuated. In this way a reproduci- 
bility of + 5 mm. was obtainable in successive readings with a constant ratio of the reactants. 
Readings in a clean tube were always erratic, and were not used. 
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A typical series of values for the partial pressures of silane and oxygen at the upper explosion 
limit (px) obtained at 100° is tabulated below. 


pain, (cm.) 23-9 18°7 9°9 8-0 5 3°15 2-60 1-65 
Pos (cm.) 23°9 20°4 19°2 17°4 1485 14:0 11°65 
yg Serene 42°6 30°3 27-2 22-9 18-0 1660 133 

Psin,|Por 0783 0485 0-417 0316 0212 0-186 0142 


5: 
7° 
2° 

These results are shown in Fig. 5. On plotting the ratio pgin,/po, against px, a linear relation- 
ship is observed except at the lowest silane pressure, where there is a divergence. The relation 
is expressed by the equation px = 436pgin,/po, + 88. A theoretical expression of the same 
form is deduced later (p. 1189). By comparison of the constants with those in the above equa- 
tion certain reaction probabilities are deduced. The value of px was not changed when the tube 


diameter was varied between 1 cm. and 2-2 cm., in contrast to the effect of vessel diameter at 


the lower limit. 
Fic. 6. Fic. 7. 
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Influence of Temperature on the Upper Critical Pressure.—The intluence of temperature was 
studied with a mixture containing 30% of silane. In each experiment this mixture was pre- 
pared, as already described, at a total pressure below the upper critical pressure for the mixture 
at 100°. A was immersed in a stirred water-bath at about 60°, and the temperature was raised 
slowly, and read at the instant when the mixture exploded. The results of a series of such 
measurements for different initial pressures are depicted in Fig. 6. The curve shows that a 
30% silane mixture will not ignite spontaneously on reduction of pressure if the temperature 
is below 84°. It was also established that the higher the percentage of silane in a mixture at a 
given total pressure, the lower is the temperature at which it will ignite spontaneously ; ¢.g., 
mixtures with 70% of silane exploded in the process of mixing the two gases at 0°. 

Influence of Inert Gas at the Upper Critical Pressure.—The effect of nitrogen and of helium 
on the upper critical pressure was examined by keeping the ratio of silane to oxygen constant and 
studying the variation of the critical pressure with the percentage of inert gas added. The 
mixture was made up as already described, the inert gas being added last. All observations were 
made at 100°. ‘Results with nitrogen as diluent are tabulated below. The value of px is the 
sum of the pressures of silane, oxygen, and nitrogen at the limit. Although the limiting pressure 
is slightiy raised owing to the presence of nitrogen, the actual pressures of silane and oxygen at 
the limit are much reduced. 


SiH, ° O, Ss 1 +4 5. SiH, 4 O, = 3 > 10. 
N;, %- px (cm.). Ns,%. px (cm.). Ny, %- px(cm.). Ny, %. px (cm). 
0 20°0 30°5 0 


22°2 27°7 28°7 28°8 
26 22°15 42 24°1 27°9 28°0 43°1 31°7 
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In experiments with helium, a silane : oxygen ratio of 1: 5 was used. Addition of 13-6% 
of helium raised the critical pressure from 20-0 to 20-5 cm., while 23-0% of helium gave a value 
of 21-3cm. The effect on the total pressure is evidently very small both for nitrogen and for 
helium. The diluent gas rendered the explosion very much weaker, and in the presence of 
greater amounts of nitrogen than those recorded above there was no explosion on reducing the 
pressure. Also the reproducibility was much poorer than for the corresponding experiments 
without inert gas present. 

The Slow Reaction.—The possibility of there being a slow reaction above the upper explosive 
limit was examined in the following experiments. Two oxygen-silane mixtures, containing 
severally 30-8 and 30% of silane, were sealed up in bulbs in an all-glass apparatus with a mercury 
manometer. The first of these bulbs showed no change in pressure after 20 days at the room 
temperature. It was then heated at 70° + 5° for 12 days, after which the pressure had fallen 
by 2 mm. (total pressure 43-3 cm.) ; and after 35 days it had fallen by only 5mm. The pressure 
in the second bulb remained constant to + 1 mm. during 67 days at room temperature. These 
experiments indicate an exceedingly slow reaction above the limit. The absence of any acceler- 
ation of the reaction rate at pressures just greater than the limit was proved as follows. With 
the apparatus and method already described for the study of the upper limit, a 20% silane 
mixture was kept at 1—2 cm. above the explosive limit at 100° for 4—6 hours. The total fall 
in pressure during this time was 1—2 mm., and on further reducing the pressure, explosion 
occurred at the expected point. A series of such experiments showed that a very slight reaction 
takes place above the limit, and demonstrated the extreme suddenness of the transition from the 
slow to the explosive reaction. 

Effect of Inhibitors on the Upper Limit.—In these experiments a constant silane : oxygen 
ratio of 3: 7 wasagainemployed. The two inhibitors studied in detail were ethylene and sulphur 
dioxide, which were stored in reservoirs sealed on to the apparatus previously described (Fig. 4). 
They were measured into the tube. A by means of a calibrated capillary gas pipette (P’). A 
known amount of silane was first admitted into the reaction tube A, and frozen out by cooling 
A in liquid nitrogen. The inhibitor was then added from the pipette, and finally oxygen was 
added and adjusted to the required pressure. The upper explosion pressure was then deter- 
mined for different amounts of inhibitor. Reproducible results were obtained both with sulphur 
dioxide and with ethylene, the reaction vessel being heated and pumped out between successive 
experiments. The results are shown in Fig. 7, where the critical pressures, pg, are plotted as 
ordinates, and the ratios of the pressure of ethylene or sulphur dioxide to that of oxygen as 
abscisse. The results show that the critical explosion pressure is lowered by the addition of 
small amounts of either of these substances. The first additions of inhibitor are the most 
effective, and each curve has a tendency to flatten at higher concentrations. These results are 
discussed on p. 1189. Qualitative measurements showed that vapours of many organic sub- 
stances such as benzene, ethyl iodide, chloroform, acetone, and ethyl alcohol also lower the 
upper critical pressure. 


DISCUSSION, 


The results recorded show that the oxidation of silane resembles that of phosphorus, 
phosphine, etc. The upper and lower critical pressures, the effect of diluent gas and of 
vessel dimensions on the lower critical limit, and that of inhibitors on the upper critical 
limit are all well-known characteristics of branching chain reactions. This type of reaction 
has been interpreted theoretically by Semenoff (op. cit., Chaps. 1—3), and his method of 
treatment is followed below. 

There is at present only very slight experimental evidence as to the nature of the active 
centres by which the chains are propagated. If one assumes that oxygen atoms are re- 
sponsible for initiating the oxidation, the following scheme is possible, though speculative. 
It will account satisfactorily for the experimental results. 


. (Silieb O we tO 6... «a 
Primary reactions (Sint +a08ete, Oe 


followed by the secondary reactions : 


SLO + O, = SEO 4+O .... 6 wn. 8 @ 
SiH,0, +0,=SiI0,+HO+O0......@) 








1188 Emeléus and Stewart : 


The reaction SiH, + 20, = SiO, + 2H,O is exothermic to the extent of 324 kg.-cals. 
The exact thermal data for the above equations are not available, but they are very prob- 
ably all exothermic. The isolation of polymerised SiH, by Schwarz (Z. anorg. Chem., 
1935, 221, 277) strengthens the hypothesis that SiH, is an intermediate in the oxidation. 
Stock and Somieski (Joc. cit.) have also isolated a compound with the approximate formula 
SiH,O in the process of incomplete combustion. The inhibiting effect of easily oxidisable 
compounds is evidence for the existence of peroxides or oxygen atoms during the 
oxidation. 

It has already been shown (p. 1184) that the results at the lower limit obey a relation- 
ship connecting the tube diameter and the partial pressures of the reactants, which would 
be expected for a branching chain reaction in which deactivation occurs only at the walls. 
From these measurements, the chain length can be calculated (Semenoff, op. cit., p. 174), 
and from the results for the l-cm. tube, on the assumption that 1% of the collisions between 
an oxygen atom and a silane molecule are fruitful, the chain length is found to be 2, and the 
probability of branching 1 in 6. 

The general relationship deduced by Semenoff for inflammation is : 


G—-H Xe, wet. 2. 2s ts se es es « & 


where 6 is the probability that a chain will be broken at any particular link in the gas 
phase, 8 is the probability that branching will occur at any given link, and v, is the average 
length of the primary chain corresponding to all chains being broken on the wall. Let us 
suppose that branching can occur in two ways: (i) Branching (as in equations 8, c, and 
d) taking place on the wall, with a probability 5, corresponding to any given link; (ii) 
collisions of the type O + O, = O + O$, where the oxygen atom with excess energy 
imparts sufficient of it to the oxygen molecule to render such subsequent reactions as 
SiH, + O; = SiH, + O+ H,O possible. If, on the average, g collisions between an 
oxygen atom and a silane molecule (equation a) are necessary to ensure reaction, then 
during this time interval At the oxygen atom will suffer g[O,]/[SiH,] collisions with an 
oxygen molecule. If « is the chance that the latter shall involve reaction, then the 
probability 8, of branching occurring in this manner is ge[O,]/[SiH,]. Finally, 3 = 8, + 3,. 

For deactivation in the gas phase by three-body collisions, we have O + O, + M = 
O, + M, where M is any third molecule, which may be oxygen, silane, inert gas, or inhibitor. 
During the same time At as above, the oxygen atom undergoes 4 x 10-® . g[O,][M]/[SiH,] 
collisions of this type, where 4 x 10-6 is the ratio of the number of ternary to the number of 
binary collisions at a pressure of lmm. If u is the probability of this reaction occurring, 
then : 

[0] : 
6,= 4. halal x Eu] 

where £, is the probability of chain-breaking by three-body collisions involving an oxygen 
atom. The summation represents the concentrations of different third molecules M, and 
uw, is the probability of the three-body process occurring for the different species of M. 
A collision of an oxygen atom with a molecule of an easily oxidisable substance X may re- 
sult in reaction of the type O + X = OX, giving 8, = gp[X]/[SiH,], where p is the prob- 
ability of such a collision being fruitful. Then 8 = 6, + fy. 

Finally, esos in equation (e aie and putting v, equal to kd*[O,}[SiH,], we get 


[X] const. 
~ SiH] (0, ][SiH,) 





On rearrangement, we ite 


, ® K 
(SiH,110,] + © [0,P — 4 x 10 £ [0,P Eu] — & [xO] = 4 
1 1 r=l1 1 1 


Now = is the constant in the lower-limit formula and may be neglected in comparison 
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with the other terms at the upper limit. In the absence of inert gas and inhibitor, the 
equation becomes 


[SiH IOs] + $ (OP — 4 x 10S [O,]{us[0g] + wal SiHy]} = 0 


Putting »; = v2 = pv and rearranging we get 
3; [SiH] 4 € 
ug.4x 10° [O,] § p.4 x 10° 
whence, by comparison with the equation expressing the experimental results on p. 1186, 
we find that 8,/(ug x 4 x 10-%) = 436 and ¢/(u x 4 x 10%) = 88, With inert gas in the 
mixture, the predicted relationship becomes 


[SiH,] _ oh) a SiBal\ 
0,) + 88 — (elt + toss 


Thus for a given ratio we may calculate from experimental data a value for y3/y, which 
expresses the ratio of the efficiency of nitrogen or helium in bringing about the three-body 
reaction O + O, + M=O,-+ M compared with that of silane or oxygen. The values 
of the ratio vary from 0-57 to 0-88. If the ratio were unity, nitrogen and helium would be 
without effect on the upper critical limit. The following table summarises the results. 





= [0,] + [SiH] 





7D INal = 436 


SiH, : O, = 3: 7. SiH,: O, = 1:4. SiH,: O, = 1:4. 
N, %. Hs/H- N, %- Hs/p- He, %. Hs/H. 
43°1 0°72 42°0 0°58 23°0 0°88 
28°7 0°83 30°5 0°62 13°6 0°68 


With inhibitor present in the gas mixture, the theoretical relationship becomes 
bx = [0g] + [SiH] + [X] = 436[SiH,]/[O,] + 88 — 436ge[X]/3[0] if vy = v. 
From this equation it follows that the relation between the upper critical pressure and the 
ratio [X]/[O,] should be linear when the ratio [SiH,]/[O,] is kept constant. That this is 
actually the case is shown by Fig. 7, departure from the linear relationship only becoming 
appreciable when the concentration of the inhibitor is high and the error due to the 
approximation introduced by putting u, = » becomes appreciable. 

From the values obtained for the constants in the above equations, it is possible to 
calculate numerical values for the probabilities of certain reactions occurring on collision. 
If » is put equal to 1 x 107 (the value obtained by Semenoff for phosphine oxidation) 
and g = 100 (arbitrarily), the value of 3, is found to be 1/57. The values of pp.4, and 
°so,, these being the probabilities of reaction of an oxygen atom on collision with a molecule 
of ethylene or sulphur dioxide, are 2 x 10° and 0-77 x 10° respectively. These values 
are in general agreement with those obtained in other reactions (Melville, Trans. Faraday 
Soc., 1932, 28, 313). The value of ¢ is found to be 3-5 x 10°. 

These observations are being extended to other hydrides of silicon in order to obtain 
further evidence by which to test the reaction mechanism now suggested. 


SUMMARY. 


(1) In the oxidation of silane to silica and water, both lower and upper critical oxidation 
limits have been observed. , 

(2) The effects of the dimensions of the reaction vessel and the presence of nitrogen on 
the lower limit, and that of temperature, diluent gas (nitrogen or helium), and of inhibitor 
(sulphur dioxide or ethylene) on the upper limit, have been studied. These observations 
are consistent with the process being a branching chain reaction. 

(3) The results are discussed on the generalised Semenoff theory of chain reactions. 


The authors thank Imperial Chemical Industries Ltd. for a grant which has helped to provide 
special apparatus and material. One of us (K. S.) is indebted to the London County Council 
for a maintenance grant. 
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282. The Energetics of Catalysis. Part V. The Temperature 
Coefficient of Hydrogenation Processes. 


By Epwarp B. MaxtTeD and Cuartes H. Moon. 


IF the activation energy of catalysed heterogeneous reactions is calculated in the ordinary 
way by the insertion of the observed temperature coefficient in the simple Arrhenius 
equation, values are obtained which probably do not represent the true activation heat 
of the chemical reaction involved, in that ancillary factors in the composite process, in 
addition to the true energy of activation, influence, and in certain circumstances even 
dominate, the change in the reaction rate with temperature, an extreme instance of the 
operation of such subsidiary factors being the production of a negative temperature 
coefficient. 

This type of variation of rate with temperature, viz., its rise to a maximum and its 
subsequent fall as the temperature is further increased, is known to occur, ¢.g., in the 
catalytic hydrogenation of ethylene in the gas phase; for Rideal (J., 1922, 121, 309) found 
a maximum velocity at about 137° in the presence of nickel, and, more recently, the re- 
versal in the sign of the temperature coefficient of the same reaction has been investigated 
in greater detail by zur Strassen (Z. phystkal. Chem., 1934, A, 169, 81), who worked at a 
relatively low gas pressure and observed a temperature of maximum velocity at about 60°. 

The occurrence of a negative temperature coefficient is usually ascribed to a decrease 
in the adsorbed concentration of the reactants as the temperature is increased; but zur 
Strassen and also Schwab (ibid., 171, 421) consider that the exponential term in the 
Arrhenius equation should be modified by the insertion of the heats of adsorption of the 
reacting species or, in certain circumstances and as an approximation, of a dominant 
reactant. According to the views of these authors (see zur Strassen, Joc. cit., p. 89), the 
kinetics of the hydrogenation of ethylene are such that, below a definite temperature 
region, the substantial saturation, even at relatively low pressures, of the nickel surface 
with ethylene—and the relatively small change in this concentration with temperature— 
suffice to render the progress of the reaction to a large degree independent of the adsorption 
of this gas. On this basis, the variation of the reaction velocity with temperature is 
represented by a relationship of the type 


k = ae~E— Qn, — Pon d/RT 


in which & is the velocity constant, E the activation energy of the hydrogenation reaction, 
Qy, and Qy.y, the heats of adsorption of the hydrogen and of the ethylene (exclusive of 
the activation heats of these adsorption processes), and a a factor involving adsorbed 
concentrations. In the temperature region below that corresponding with maximum 
velocity, the term Qo,n, becomes ineffective; and, since Qy, is less than E, the resulting 
temperature coefficient is positive. On the other hand, at temperatures above that at 
which the ethylene adsorption begins to be effectively operative, the further subtraction 
of the Qo,y, term leads to a negative coefficient. If this view is correct, the difference 
in the slope of the ascending and of the descending branch of the curve obtained by plotting 
log k against 1/T should give the heat of adsorption of ethylene; and Schwab (loc. cit.), 
using zur Strassen’s curves, has calculated a value of about 17,000 cals. for Qg.q,. He also 
quotes a value of 16,000 cals. as having been obtained calorimetrically by Schuster (Z. 
phystkal. Chem., 1931, B, 14, 249) for Qo,y,, in substantial agreement with the above; 
but this directly determined value is rather indefinite, since it was for ethylene adsorbed 
by a mixture of copper and iron on active charcoal and, moreover, varied considerably 
with the adsorbed concentration ; and further work on the subject is apparently required. 
The figure is, however, a reasonable one for the adsorption heat in question. 

Since the temperature coefficient of a hydrogenation reaction can be measured with 
greater accuracy in the liquid than in the gaseous phase—particularly by reason of the 
greater degree of temperature control possible in an exothermic process with liquid re- 
actants—it has been considered of interest to investigate further the temperature coefficient, 
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and particularly the occurrence of maxima, in the hydrogenation of substances in a liquid 
or a dissolved state. It is known in a general way (see, e.g., J. Soc. Chem. Ind., 1921, 
40, 169T) that an optimum temperature, which is usually about 170°, exists for the hydro- 
genation of liquid unsaturated glycerides in the presence of nickel; but, at such high 
temperatures, the possibility of a decrease in the catalytic activity of the metal by incipient 
sintering constitutes an additional complicating factor : indeed, zur Strassen noticed such 
thermal stabilising effects with nickel at or above 130°. In the present work, in which 
the temperature coefficient of the hydrogenation of typical ethylenic compounds in the 
presence of platinum has been studied, maxima have been observed at temperatures below 
100°. 
EXPERIMENTAL. 

The apparatus and general method employed for the measurement of the velocity of hydro- 
genation were as already described (this vol., p. 393). The standard platinum-black was 
prepared, as before, by the reduction of chloroplatinic acid with an alkaline solution of sodium 
formate; and the same stock preparation of catalyst was used throughout each series. This 
stock was stabilised in bulk prior to use by being heated to 250°. 

In the first series, the variation with temperature of the velocity of hydrogenation of crotonic 
acid in acetic acid solution was studied up to about 100°. Each charge consisted of 10 c.c. of 
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a N-solution of crotonic acid in acetic acid, together with 0-05 g. of platinum, hydrogenation 
being carried out in a shaking pipette immersed in a thermostat and connected with a gas- 
measuring system, containing hydrogen, of the type previously employed. With this solvent, 
a correction (which becomes considerable at the higher temperatures) for the partial pressure 
of acetic acid is necessary. It has already been found that the velocity of hydrogenation under 
the above conditions is, at a given temperature and for pressures which do not differ greatly 
from atmospheric, approximately proportional to the hydrogen partial pressure (J. Soc. Chem. 
Ind., 1921, 40, 1691); but, in order to eliminate the necessity for a correction of this nature and 
to confirm the results obtained by applying this correction, later measurements were also 


carried out with a non-volatile solvent. 


The results of the first series of measurements are summarised in Curve I of the fig., in which 
the logarithm of the velocity constant has been plotted against 10*/T. 

It will be seen that the reaction rate increases with temperature up to about 90°, beyond 
which a slight decrease in rate with increasing temperature is observed. This decrease is 
not great; and, in view of the large correction for the vapour pressure of the solvent at and above 
the temperature of the velocity maximum, a further series of the nature already referred to, 
viz., involving the use of a non-volatile solvent, was considered necessary for the more definite 
recognition and study of the apparent reversal. 

In the second series, stearic acid, previously freed from possible traces of unsaturated 
impurities by treatment with hydrogen in the presence of a relatively large quantity of platinum 
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until no further hydrogenation took place, was employed as a solvent for crotonic acid. The 
standard charge taken for the velocity measurements was 10 c.c. of a N-solution of crotonic 
acid in stearic acid, together with 0-05 g. of platinum, as before. Hydrogenation could not, 
of course, be studied below the solidification point of the solvent; and the variation of the 
hydrogenation velocity with temperature over the range including the previously indicated 
maximum is shown in Curve II. The maximum, with this solvent, occurs at a slightly lower 
temperature (80°, in place of 90°); and the subsequent fall in velocity is clearly indicated. 

In order to study the effect of varying the compound hydrogenated, velocity measurements 
were carried out with maleic acid in place of crotonic acid. Each charge consisted of 0-6 g. 
of maleic acid, dissolved in 10 c.c. of acetic acid, together with 0-05 g. of standard platinum- 
black. On hydrogenating the system under the same conditions as before, the variation of 
velocity with temperature shown in Curve III was observed. A velocity maximum thus also 
occurs with maleic acid, and is probably general. 

An interesting feature, which is in conformity with the above-mentioned conception of the 
causes underlying the reversal, is the rectilinear character, not only of the ascending, but also 
of the descending branch of the curve obtained by plotting log & against 10*/T in each of the 
cases studied : for, if the reversal in sign were brought about by a mere diminution in adsorption 
rather than by the appearance, as an effective factor, of a further and approximately constant 
exponential term, this linear relationship would not persist. This characteristic is well shown 
in the collective graph, to which, for purposes of comparison of the general form, zur Strassen’s 
curve for gaseous ethylene has been added, the scale of the log k axis being in the latter case 
reduced to one which is convenient for reproduction in the same figure as the present results 
with dissolved substances. The linear variation beyond the maximum is shown especially 
clearly in Curve II. It may be noted that the velocity of hydrogenation at 10° (Curve I) does 
not fit on the general curve, although its value was confirmed by duplicate measurements ; 
and thus the apparent activation energy calculated for temperatures below 20° is somewhat 
greater than that derived from the normal slope. The reason for this low velocity at 10° is 
not apparent, and further work on the low-temperature velocity variation is needed. 

On the basis of the difference in slope of the ascending and descending branches of Curves II 
and III, values of 15,500 and 15,000 cals., respectively, are obtained for the molecular heats 
of adsorption of crotonic and of maleic acid on the platinum catalyst employed, in substantial 
agreement with the figure of 17,000 cals. calculated by Schwab for the molecular heat of adsorp- 
tion of ethylene on nickel. 

Finally, an attempt at an approximate evaluation of the true activation energy of the 
hydrogenation of crotonic and of maleic acid can be made by means of zur Strassen’s equation, 
by adding the heat of adsorption of hydrogen on platinum to the apparent activation energy 
calculated from the slope of the ascending branch of the curves. This adsorption heat, with 
platinum of the same type as that used in the present measurements, has been determined 
calorimetrically (J., 1931, 3313), and is of the order of 16,000 cals. per g.-mol. of hydrogen. 
In this way, the following approximate values are obtained for E. 


Substance Apparent E, 
Series. hydrogenated. Solvent. (E — Qq,), cals. _—E, cals. 
1 Crotonic acid Acetic acid 6,800 23,000 
2 Crotonic acid Stearic acid 10,000 26,000 
3 Maleic acid Acetic acid 9,000 25,000 


These figures require slight further correction for minor factors, which include the heat of 
solution of the reactants and of hydrogen in the solvent. They are, however, of an order of 
magnitude which, by analogy, appears more reasonable than the apparent values obtained by 
assuming the application of the unmodified Arrhenius equation. The slope of the ascending 
branch of the curve for crotonic acid in stearic acid, which gives a rather high value of 10,000 
cals. for the apparent activation energy, is probably less accurately derivable than is the case 
in the other series,;-on account of the relatively small number of points between the temperature 
corresponding with the solidification point of the solvent and the temperature range in which 
reversal occurs. 
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283. The Conversion of Derivatives of Glucose into Derivatives of 
Altrose by Simple Optical Inversions. 


By GEORGE J. ROBERTSON and CHARLES F. GRIFFITH. 


In continuation of our researches on the interconversion of sugars by simple agencies, 
we now describe a detailed study of the transformation of the glucose configuration into 
that of altrose. It has recently been shown (Mathers and Robertson, J., 1933, 1076) 
that the alkaline hydrolysis of 2 : 3-di-p-toluenesulphonyl 4 : 6-dimethyl «a-methylglucoside 
follows an unexpected course and leads to the production of a 4 : 6-dimethy] 2 : 3-anhydro- 
a-methylhexoside along with a 4:6-dimethyl «-methylhexoside, which was tentatively 
described as a derivative of altrose. This result pointed to the idea that an investigation 
of the analogous reaction with 2: 3-di-p-toluenesulphonyl 4: 6-benzylidene «-methyl- 
glucoside should lead ultimately to the production of altrose in the free condition. 

A preliminary research showed that this reaction resulted in the formation of a crystalline 
4 : 6-benzylidene 2 : 3-anhydro-«-methylhexoside, m. p. 199—200°, together with a mono- 
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methyl 4 : 6-benzylidene «-methylhexoside, which was not a derivative of glucose. More- 
over, it was significant that, when impure starting material (7.¢., a mixture of mono- and 
41 
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di-p-toluenesulphonyl 4: 6-benzylidene «-methylglucosides) was submitted to similar 
treatment, a second isomeric 4:6-benzylidene 2 : 3-anhydro-«-methylhexoside, m. p. 
147°, was also obtained. The formation of two distinct 2: 3-anhydro-compounds was 
striking, and it was decided to investigate the behaviour of derivatives substituted with the 
p-toluenesulphony] residue in the 2- or the 3-position. 

2-Benzoyl 3-p-toluenesulphonyl (I) and 3-benzoyl 2-p-toluenesulphonyl 4 : 6-benzylidene 
a-methylglucoside (V) were accordingly synthesised by a method which depended upon 
the preferential substitution in position 2 over position 3 (Dr. J. W. H. Oldham, unpublished 
result). The introduction of a benzoyl group into position 2 in 4 : 6-benzylidene «-methyl- 
glucoside without further substitution is difficult to control, and the yields of (I) are poor 
and variable. It is comparatively easy to introduce a f-toluenesulphonyl group into 
position 2, and the intermediate 2-p-toluenesulphonyl 4 : 6-benzylidene «-methylglucoside 
may be obtained in a pure condition. 

When (I) is submitted to hydrolysis with methyl alcohol containing sodium methoxide, 
the 4:6-benzylidene 2: 3-anhydro-«-methylhexoside, m. p. 199—200°, is obtained in 
92°% yield. When (V) is similarly treated, the 4 : 6-benzylidene 2 : 3-anhydro-«-methy]l- 
hexoside, m. p. 147°, is obtained in 94% yield. It is therefore apparent that the formation 
of each isomeride is dependent upon the position of the p-toluenesulphony]l residue in the 
parent substance. Moreover, since the two anhydro-compounds are not identical, they 
may not be represented by structures (II) and (VI), in which the glucose configuration is 
retained. The formation of non-identical substances in the present instance furnishes, 
indeed, a strong argument against the possibility of ¢vans-linkages in such a position. 
Ferns and Lapworth (J., 1912, 101, 273) have shown that the esters of the sulphonic acids 
are sharply distinguished from those of the carboxylic acids in their mode of reaction with 
alkali and alkyl oxides. The vulnerable point in each series may be represented simply 


as follows: 


R—SO,—O——R, R—CO—'—O—R, 


When this conception is considered in conjunction with the work of Phillips (J., 1923, 
123, 44; 1925, 127, 399), who has shown that the hydrolysis of p-toluenesulphony]l esters 
may be accompanied by change in configuration, it becomes clear that in the alkaline 
hydrolysis of (I) the configuration on carbon atom number 2 remains intact, while inversion 
is possible on number 3. It follows that the most probable structure for the anhydro- 
compound, m. p. 199—200°, is represented by (III), and the substance is accordingly 
described as 4 : 6-benzylidene 2 : 3-anhydro-a«-methylalloside. Similar considerations being 
applied to the alkaline hydrolysis of (V), the most probable structure for the anhydro- 
compound, m, p. 147, is (VII), and it is therefore described as 4 : 6-benzylidene 2 : 3- 
anhydro-a-methylmannoside. 

The action of sodium methoxide on (III) and (VII) was now investigated, and a striking 
difference in the stability of the respective ethylene-oxide rings was noted. With (III), 
boiling with N-sodium methoxide solution for 20 hours is sufficient to bring about complete 
rupture of the ethylene-oxide ring, but with (VII) it is necessary to heat it with 5% sodium 
methoxide solution in a sealed tube at 100° for 20 hours to achieve a similar result. This 
may be cited as confirmatory evidence that, in the two substances under discussion, the 
ethylene-oxide rings lie on opposite sides of the plane of the molecule. 

When 4: 6-benzylidene 2 : 3-anhydro-«-methylalloside (III) is treated with sodium 
methoxide solution, the opening of the ring is accompanied by partial methylation, and 
a crystalline monoethyl 4 : 6-benzylidene «-methylhexoside is produced. The resulting 
substance may possess one of four configurations, viz., those of glucose, mannose, allose, 
and altrose, depending upon the manner in which the ring is opened. The compound 
condenses with -toluenesulphonyl chloride, and the derived mono-p-toluenesulphonyl 
compound is not identical with either 2-p-toluenesulphonyl 3-methyl or 3-p-toluenesulphonyl 
2-methyl 4 : 6-benzylidene a-methylglucoside (a sample of the latter was kindly given us by 
Dr. J. W. H. Oldham). It follows that the new substance is not a derivative of glucose. 
The methyl group is proved to be in position 2 by the fact that, after the elimination of 
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the benzylidene residue and also of the methoxyl group in the reducing position, altros- 
azone, m. p. 164—165°, was derived with the loss of a methoxyl group. This proves 
the substance to be a derivative of allose or altrose, and the evidence adduced below shows 
it to be 4:6-benzylidene 2-methyl «-methylaltroside (IV). When (IV) is methylated, 
4: 6-benzylidene 2: 3-dimethyl «-methylaltroside, (X), m. p. 83—85°, is obtained (mixed 
m. p. with 4: 6-benzylidene 2°: 3-dimethyl «-methylglucoside of m. p. 122°, 66—110°). 
4 : 6-Benzylidene 2 : 3-dimethyl «-methylmannoside is a syrup which shows [«]p) + 62-7°, 
while (X) has [«]) + 92-8°. 

Similarly, when 4: 6-benzylidene 2: 3-anhydro-«-methylmannoside (VII) is treated 
with sodium methoxide solution, a crystalline 4 : 6-benzylidene monomethyl «-methyl- 
hexoside is produced. It is not identical with 4 : 6-benzylidene 2-methyl «-methylaltroside 
(IV), but on methylation is converted into 4: 6-benzylidene 2: 3-dimethyl «-methyl- 
altroside (X). The substance must therefore be 4: 6-benzylidene 3-methyl «a-methyl- 
altroside (VIII). This is confirmed by the fact that, after the elimination of the benzylidene 
residue and also of the methoxyl group in the reducing position, a 3-methyl osazone is 
isolated, which is not identical with 3-methyl glucosazone and must therefore be 3-methyl 
altrosazone. 

The altrose configuration has been ascribed to the substances (IV), (VIII), and (X), 
but the accumulated evidence so far described does not serve to dfscriminate between the 
allose and the altrose configuration for these compounds. Final proof of the correctness 
of our view was obtained as follows. The substance (X) was converted successively into 
2: 3-dimethyl «-methylaltroside, 2:3:4:6-tetramethyl «-methylaltroside, and 2:3:4:6- 
tetramethyl altrose (XI). The last compound was oxidised with nitric acid as described 
by Hirst (J., 1926, 353), and the product was a mixture containing /-dimethoxysuccinic 
acid (XII) and d-trimethoxyaraboglutaric acid (XIII), the components being identified 
by the isolation of crystalline /-dimethoxysuccindiamide, [«]) — 89-3°, and crystalline 
d-trimethoxyaraboglutardiamide, [«]) — 47-9°, respectively. Under similar conditions, 
tetramethyl allose would yield inactive dimethoxysuccinic acid and inactive trimethoxy- 
riboglutaric acid. The evidence, however, is fundamental, as it furnishes further proof 
that the glucose and the mannose configuration may be ruled out of consideration. Tetra- 
methyl glucose, under similar conditions, has been shown to yield d-dimethoxysuccinic 
acid and inactive trimethoxyxyloglutaric acid (Hirst, loc. cit.), whereas tetramethyl mannose 
would yield inactive dimethoxysuccinic acid along with an active lyxoglutaric acid. 

The conversion of 4:6-benzylidene 2 : 3-anhydro-«-methylalloside (III) into 4: 6- 
benzylidene 2-methyl «-methylaltroside (IV) involves a Walden inversion on carbon 
atom number 2, while the analogous conversion of 4: 6-benzylidene 2 : 3-anhydro-«- 
methylmannoside (VII) into 4 : 6-benzylidene 3-methyl «-methylaltroside (VIII) involves 
an inversion on carbon atom number 3. It is thus evident that the ethylene-oxide rings 
in the isomeric anhydro-compounds open in opposite senses (as indicated by the arrows) 
under the influence of alkali. The reason for this is obscure, but may be connected with 
the relative positions of the rings with respect to the plane of the molecule. With regard 
to the mechanism involved in the opening of the ethylene-oxide rings, it is significant 
that in each case a methoxyl group is introduced in the position at which Walden inversion 
occurs. A similar phenomenon has been reported by Ohle and Just (Ber., 1935, 68, 602) 
during the conversion of 1 : 2-monoacetone 3 : 4-anhydro-d-psicose into 1 : 2-monoacetone 
4-methyl d-sorbose by the action of sodium methoxide solution. It therefore seems probable 
that the opening of such a ring system under the above conditions should be formulated 


as follows: 
R R 
tT> 
eZ H—C¢ CH,O mee 
ae So Na —> LP = 
H H—C—ONa H—C—ONa 
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The action of aqueous caustic potash under pressure on 4 : 6-benzylidene 2 : 3-anhydro- 
a-methylalloside (III) and 4: 6-benzylidene 2 : 3-anhydro-«-methylmannoside (VII) has 
also been investigated. In each case the same substance, 4 : 6-benzylidene «-methylaltroside 
(IX), is produced. It is not identical with 4 :6-benzylidene «-methylglucoside or with 
4: 6-benzylidene «-methylmannoside, and on methylation is converted into 4 : 6-benzyl- 
idene 2 : 3-dimethyl «-methylaltroside (X). 

The removal of the benzylidene residue from the substances (IX), (IV), (VIII), and 
(X) proceeds smoothly in each case with the production of «-methylaltroside and its 2- 
and 3-methyl and 2 : 3-dimethyl derivatives respectively. On the other hand, the removal 
of the altrosidic methyl group (by hydrolysis with 4—8 % hydrochloric acid) from the above 
four substances leads in each case to the production of an anhydro-derivative in equilibrium 
with a small amount of a reducing sugar, instead of to the free sugar, altrose, and its 
methylated analogues. The following table shows the initial and final specific rotations 
observed in the above series of hydrolyses. The final values are calculated on the basis 
of a complete conversion into the respective anhydro-compounds, and the figures in 
parentheses give the values for the corresponding free sugars. 


a-Methylaltroside [a]p + 104° —> — 108-4° (— 97-6°) 
2-Methyl «-methylaltroside [a] + 103-8° ——> — 116-3° (— 105-5°) 
3-Methyl «-methylaltroside [«]p + 113-5° ——> — 110-4° (— 99-4°) 
2 : 3-Dimethyl «-methylaltroside [«],) ++ 113° ——> — 92-9° (— 84-9°) 


The observed end-points are not comparable with the recorded value for altrose (Austin 
and Humoller, J. Amer. Chem. Soc., 1934, 56, 1153, give [a]) —- 32-3° for /-altrose at 
equilibrium) or with the end-point attained in the hydrolysis of tetramethyl d-altrose, viz., 
[a] + 51-6°. Although the products of hydrolysis are non-reducing, or almost so, the 
possibility of systems containing a free reducing group which have no action on Fehling’s 
solution (compare Irvine and Skinner, J., 1926, 1089) has not been overlooked. This is, 
however, considered improbable in view of the fact that when the supposed anhydro- 
compounds are boiled with aqueous alkali, there is no pronounced loss in optical activity. 
The formation of anhydro-compounds during the hydrolysis of a methylaltrosidic group 
is not without precedent. Fischer, Bergmann, and Schotte (Ber., 1920, 58, 541) reported 
that the so-called ‘‘ methyl epiglucosamine ’”’ reduced Fehling’s solution only very slightly 
even after boiling with concentrated hydrochloric acid. This was substantiated by Levene 
and Meyer (J. Biol. Chem., 1933, 55, 223), who showed, however, that the failure of the 
hydrolysis product to reduce Fehling’s solution was due, not to the great resistance of the 
methyl group to acid hydrolysis, but to the fact that hydrolysis was accompanied by the 
formation of an ‘‘ anhydro-epiglucosamine.” This was followed by the proof (Freudenberg, 
Burkhart, and Braun, Ber., 1926, 59, 714) that “‘ methyl epiglucosamine”’ was, in fact, 
a 3-aminomethylaltroside. As far as we are aware, there is no other recorded instance of 
the hydrolysis of a methylaltroside, and it seems likely that this is a property peculiar to 
altrosides. Nothing very definite can be said regarding the position of the anhydro- 
linkage in the above compounds, but it seems reasonable to suggest that it must involve 
position 4 or 6, since only these positions are available in the case of 2 : 3-dimethy] altrose. 
The investigations are being continued. 


EXPERIMENTAL. 


Alkaline Hydrolysis of 2: 3-Di-p-toluenesulphonyl 4 : 6-Benzylidene a-Methylglucoside.—A 
typical experiment is quoted. The material (93 g.), m. p. 148°, was heated on a water-bath 
with methyl alcohol (400 c.c.) containing sodium (13 g.) for 12 hrs. After standing over-night, 
the reaction mixture was filtered, and the crystalline residue thoroughly washed with water. 
This material consisted of long needles (14-5 g.), m. p. 195—198°, and 199—200° after one 
crystallisation from aqueous acetone. The pure substance showed [a] + 140-4° in chloroform 
(c = 2-214) and corresponded with a benzylidene anhydro-a-methylhexoside to which (see p. 
1194) the structure 4: 6-benzylidene 2 : 3-anhydro-a-methylalloside has been ascribed (Found : 
OMe, 11-3; C, 63-5; H, 6-1. C,4H,,0,; requires OMe, 11-7; C, 63-6; H, 6-1%). 

The mother-liquor from the alkaline hydrolysis was well diluted with water, and extracted 
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four times with chloroform; the united extracts were dried (sodium sulphate) and evaporated 
to dryness, giving a hard glass (28-2 g.), which crystallised on rubbing with ether; 21 g., m. p. 
94—-97°. Recrystallised from aqueous alcohol, it gave a homogeneous substance, large prisms, 
m. p. 98—99°, [«]}* + 102-7° in chloroform (c = 3-221), which corresponded with a monomethyl 
benzylidene a-methylhexoside and was later shown to be 4: 6-benzylidene 2-methyl a-methyl- 
altroside (Found: OMe, 20-9; C, 60-9; H, 6-8. C,;H9O, requires OMe, 20-9; C, 60-8; H, 
6-8%). 

The yield of crystalline material isolated in this experiment accounts for 85% of the original 
starting material. In other experiments, in which impure specimens of 2: 3-di-p-toluene- 
sulphonyl 4: 6-benzylidene a-methylglucoside were used, an isomeric 4: 6-benzylidene 2: 3- 
anhydro-a-methylhexoside, m. p. 146—147°, was sometimes produced (see below). 

2-Benzoyl 3-p-Toluenesulphonyl 4: 6-Benzylidene a-Methylglucoside——The preparation of 
this substance from 4: 6-benzylidene a-methylglucoside is dependent upon the preferential 
substitution of position number 2 over position 3; the reaction is difficult to control, and the 
yield poor and variable. The material (10 g.) was dissolved in pyridine (10 c.c.) and benzoyl 
chloride (5-2 c.c., 1:25 mols.) was slowly added. After standing over-night, the product, 
isolated as usual and crystallised from ethyl alcohol, was found to consist of an inseparable 
mixture of the mono- and the di-benzoyl derivative. This was treated directly with an excess 
of p-toluenesulphonyl chloride (6 g.) in the minimum amount of pyridine and set aside for 4 
days. The product, isolated in the usual manner, was a glass (10-5 g.) which, on boiling for a 
few seconds with dilute sodium methoxide, deposited a small amount (1-7 g.) of a homogeneous 
substance, m. p. 184—186°, [a]}® + 83-8° in chloroform (c = 4-24) (Found: OMe, 5-5. 
C,3H,,0,S requires OMe, 5-7%). This substance is 2-benzoyl 3-p-toluenesulphonyl 4 : 6-benzyl- 
idene a-methylglucoside, for it depressed the m. p. (212—213°) of the 3-benzoyl 2-p-toluene- 
sulphony]l isomeride to 130—140°. 

Alkaline Hydrolysis of 2-Benzoyl 3-p-Toluenesulphonyl 4 : 6-Benzylidene a-Methylglucoside.— 
The material (3-86 g.), m. p. 184—186°, was dissolved in methyl alcohol (100 c.c.) containing 
sodium (0-5 g.), and the solution boiled for 1 hr. On cooling, a crystalline precipitate was 
obtained, and was purified by washing with aqueous methyl alcohol. It (1-61 g.) had m. p. 
198—199° and proved to be identical with 4: 6-benzylidene 2 : 3-anhydro-a-methylalloside, 
m. p. 199—200°, obtained through the alkaline hydrolysis of 2 : 3-di-p-toluenesulphonyl 4 : 6- 
benzylidene a-methylglucoside. The mother-liquors from the hydrolysis were diluted with 
water and extracted 4 times with chloroform. The united extracts yielded crystalline material 
(0-14 g.), m. p. 197—199°, identical with that described above. Total yield of pure anhydro- 
compound 92-7%. 

Action of Sodium Methoxide Solution on 4: 6-Benzylidene 2 : 3-Anhydro-a-methylalloside.— 
The substance (2-05 g.), m. p. 199—200°, was dissolved by heating with methyl alcohol (40 c.c.) 
containing sodium (0-92 g.), and the solution boiled on a water-bath for 20 hrs. After cooling 
and dilution with water, the mixture was extracted 4 times with chloroform; the united ex- 
tracts were dried (sodium sulphate) and evaporated to dryness, a clear glass (2-24 g.) being 
obtained, which crystallised on being rubbed with ether; after filtration, the crystals (2-01 g.) 
were washed with light petroleum and had m. p. 87—94°. Recrystallisation from aqueous 
ethyl alcohol gave a homogeneous substance (87-4% yield), m. p. 98—99°, identical with 4 : 6- 
benzylidene 2-methyl a-methylaltroside previously isolated (see above). 

For purposes of comparison the following derivatives were made. 

3-p-Toluenesulphonyl 4: 6-benzylidene 2-methyl a-methylaltroside, prepared by condensing 
the above material with p-toluenesulphonyl chloride in the usual manner, crystallised from 
methyl alcohol in needles, m. p. 166—167°, [«]}®* + 57-1° in chloroform (c = 0-963) (Found : 
OMe, 13-1. C,,H,,0,S requires OMe, 13-7%). On admixture with the corresponding a- 
methylglucoside, m. p. 156—157° (for a sample of which we are indebted to Dr. J. W. H. Oldham), 
the m. p. was depressed to 130°; and on admixture with 2-p-toluenesulphony] 4 : 6-benzylidene 
3-methyl «-methylglucoside, m. p. 151—152° (described below), it was depressed to 130°. 

3-Benzoyl 4 : 6-benzylidene 2-methyl a-methylaltroside, prepared in the usual manner, crystal- 
lised from absolute alcohol-light petroleum; m. p. 135—136°, [«]}* + 133-3° in chloroform 
(c = 2-302) (Found: OMe, 15-2; C,H,*CO, 28-2; C,,H,,O, requires OMe, 15-5; C,H;°CO, 
26-2%). 

4: 6-Benzylidene 2 : 3-dimethyl a-methylaltroside was prepared by methylating the 2-mono- 
methyl compound with Purdie’s reagents, but repeated treatment was necessary to effect 
complete methylation. The pure substance crystallised from light petroleum in prisms, m. p. 
83—85°, [a]}®* + 92-8° in chloroform (c = 1-324) (Found: OMe, 28-4. C,,H,,0, requires 
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OMe, 30-0%). When mixed with the analogous a-methylglucoside, m. p. 121—122°, the m. p. 
was depressed to 60—110°. The a-methylmannoside analogue is a syrup. 

Partial Hydrolysis of 4: 6-Benzylidene 2-Methyl a-Methylaltroside——The substance (7-9 g.), 
m. p. 97—98°, was dissolved in a mixture of acetone (50 c.c.), water (40 c.c.), and N-hydrochloric 
acid (10 c.c.), and the solution boiled on a water-bath until the rotation was constant (1} hrs.), 
[a] + 113-1°, allowance being made for change in concentration. After neutralisation with 
barium carbonate and filtration, the acetone was evaporated. The aqueous solution was 
extracted with chloroform, to remove benzaldehyde, and evaporated to dryness, the residue 
being extracted 3 times with boiling acetone. The united extracts were evaporated to dryness, 
and a colourless syrup (4-88 g.), »j°° 1-4891, was obtained. On being rubbed under acetone— 
ether, the syrup crystallised, and subsequent recrystallisation from propyl acetate gave pure 
2-methyl «-methylaltroside (4-0 g.), prisms, m. p. 81—83°, [a]}’ + 111-6° in chloroform (c = 0-909) 
(Found : OMe, 29-6. C,H,,O, requires OMe, 29-8%). 

2-p-Toluenesulphonyl 4: 6-Benzylidene «-Methylglucoside.—The preferential substitution 
of position 2 with the p-toluenesulphonyl residue took place more readily than in the case of 
the analogous benzoyl compound, and it was possible to isolate the above substance in the pure 
condition. Benzylidene «-methylglucoside (18 g.) was treated gradually with p-toluenesulphonyl 
chloride (9 g.), each being dissolved in 10 c.c. of pyridine. After 24 hrs., a little water and 
benzene (20 c.c.) were added to the mixture, and a crystalline precipitate (8-7 g.) was obtained. 
This proved to be a mixture of mono- and di-p-toluenesulphony] derivatives. The filtered 
benzene solution was washed 3 times with dilute hydrochloric acid and once with dilute alkali, 
after which more crystalline material (5-1 g.) separated; crystallised from methyl alcohol, 
this proved to be 2-p-toluenesulphonyl 4: 6-benzylidene a-methylglucoside, m. p. 153—154°, 
[x]>” + 64-2° in chloroform (c = 4-93) (Found: OMe, 7-2. C,,H.O,S requires OMe, 7-1%). 
The position of the p-toluenesulphony] group was proved by methylation. 2-p-Toluenesulphonyl 
4 : 6-benzylidene 3-methyl «-methylglucoside, derived from the above, had m. p. 151—152°, 
and when mixed with the 3-p-toluenesulphonyl 2-methyl compound, m. p. 156—157° 
(synthesised from 4 : 6-benzylidene 2-methyl a-methylglucoside; Oldham, unpublished result), 
the m. p. was depressed to 130—140°. The m. p. of a mixture of the original and the fully 
methylated material was depressed to 128—145°. 

3-Benzoyl 2-p-Toluenesulphonyl 4: 6-Benzylidene a-Methylglucoside.—This was prepared 
in good yield by the direct benzoylation of 2-p-toluenesulphonyl 4 : 6-benzylidene «-methyI- 
glucoside; prisms, m. p. 212—213°, [a] + 51-6° in chloroform (c = 2-876) (Found: OMe, 
5:3. C,,H,,0,S requires OMe, 5-7%). 

Alkaline Hydrolysis of 3-Benzoyl 2-p-Toluenesulphonyl 4 : 6-Benzylidene a-Methylgl: coside.— 
The material (5 g.), m. p. 212—213°, was dissolved in methyl alcohol (125 c.c.) containing 
sodium (2-9 g.), and the solution boiled for 2 hrs. After cooling and dilution with water, long 
needles (2-1 g.), m. p. 145—147°, separated on standing; recrystallisation from aqueous alcohol 
raised the m. p. to 146—147°. Thiscompound, 4 : 6-benzylidene 2 : 3-anhydro-a-methyl:1annoside 
(see p. 1194), had [«]}®* + 107-4° in chloroform (c = 1-614) (Found: OMe, 11-4; C, 63-5; H, 
6-0. C,,H,,O, requires OMe, 11-7; C, 63-6; H, 6-1%). 

Action of Sodium Methoxide Solution on 4 : 6-Benzylidene 2 : 3-Anhydro-a-methylmannoside.— 
The material (2 g.), m. p. 146—147°, was heated in a sealed tube with methyl alcohol (40 c.c.) 
containing sodium (2 g.) for 24 hrs. at 100°, and the product was worked up as described on 
p. 1197, being obtained as a clear yellow glass (2-2 g.) which crystallised spontaneously. It 
was recrystallised from aqueous ethyl alcohol (yield 77-7%), and was 4: 6-benzylidene 3-methyl 
a-methylaltroside, m. p. 131—133° (Found: OMe, 20-8; C, 60-89; H, 6-77. C,;H,.O, requires 
OMe, 20-9; C, 60-8; H, 6-75%), [a] + 103-4° in chloroform (c = 3-612); mixed with the 
2-methyl compound, m. p. 97—98°, its m. p. was depressed to 81—90°. 

Its constitution was established by methylation, for after 1 g. of it had been treated by 
Purdie’s reagents, the crude product (0-93 g.) ultimately crystallised from light petroleum 
containing a little absolute alcohol in prisms (0-6 g.), m. p. 80—82°, of 4: 6-benzylidene 2: 3- 
dimethyl a-methylaltroside, m. p. 83—85°, described above. 

Partial Hydrolysis of 4: 6-Benzylidene 3-Methyl a-Methylaltroside.——The material (2-11 g.), 
m. p. 133°, was dissolved in a mixture of acetone (66 c.c.), water (29 c.c.), and N-hydrochloric 
acid (5 c.c.), and the solution boiled until of constant rotation (2 hrs.), [a]}*’ + 153°, after 
allowance for change in concentration. The 3-methyl a-methylaltroside extracted in the manner 
already described for the 2-methyl compound, was a glass (1-32 g., 89%), which could not be 
obtained crystalline and did not reduce Fehling’s solution; [«]}** + 140-3° in chloroform 
(¢ = 2-45) (Found: OMe, 26-5. C,H,,O, requires OMe, 29-8%). 
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Action of Aqueous Caustic Potash on 4: 6-Benzylidene 2 : 3-Anhydro-a-methylalloside.—The 
material (9 g.),"m. p. 199°, was heated in a pressure bottle with 5% aqueous caustic potash 
(250 c.c.) for 60 hrs. at 100°, and the mixture filtered from unchanged material (6-7 g.). The 
filtrate was extracted with chloroform, the extract was dried (sodium sulphate), and evaporated 
to dryness. The residue (1-55 g.) crystallised, m. p. 160—165°. Recrystallisation from methyl 
alcohol gave a homogeneous substance, m. p. 169—170°, [a]}® + 126-8° in chloroform (c = 0-567) 
(Found: OMe, 11-3; C, 59-35; H, 6-48. C,,H,,0, requires OMe, 11-0; C, 59-58; H, 6-38%), 
which was shown to be 4: 6-benzylidene a-methylaltroside by methylation with the Purdie 
reagents whereby it was converted into 4: 6-benzylidene 2: 3-dimethyl «-methylaltroside 
described above. 

Action of Aqueous Caustic Potash on 4: 6-Benzylidene 2 : 3-Anhydro-a-methylmannoside.— 
The substance (1 g.), m. p. 147°, was heated in a sealed tube with 5% aqueous caustic potash 
(40 c.c.) for 60 hrs. at 100°. The contents of the tube were filtered, and a small residue (0-06 g.) 
was found to consist of unchanged material. The filtrate was treated as in the previous experi- 
ment, and a crystalline product (0-73 g.), m. p. 165—169°, obtained. Recrystallisation from 
methyl alcohol raised the m. p. to 169—170°, undepressed when mixed with 4 : 6-benzylidene 
a-methylaltroside. 

Partial Hydrolysis of 4: 6-Benzylidene «-Methylaltroside.—The substance (1-48 g.), m. p. 
169—170°, was dissolved in a mixture of acetone (25 c.c.) and N/10-hydrochloric acid (23-5 
c.c.) and boiled until the rotation, [«]}° °+ 114-7°, had risen to a constant value (2 hrs.) of [«]}*° 
+ 140-9°, with allowance for change in concentration. By the same procedure as in preceding 
cases, a-methylaliroside was obtained as a glass in theoretical yield (1-01 g.), which could not 
be crystallised from any of the usual solvents. It did not reduce Fehling’s solution, and showed 
[a]}*” + 125-6° in methyl alcohol (c = 1-011) (Found: OMe, 16-1. C,H,,O, requires OMe, 
16-0%). 

Partial Hydrolysis of 4: 6-Benzylidene 2:3-Dimethyl «a-Methylaltroside.—The altroside 
(9 g.), m. p. 82—84°, was dissolved in a mixture of acetone (132 c.c.), water (58 c.c.), and N- 
hydrochloric acid (10 c.c.), and the solution boiled until the rotation became constant (2 hrs.) : 
[a]i + 94-4° ——> [a]}” + 125°, after allowance for change in concentration. The product 
was isolated in the manner already described, 2 : 3-dimethyl «-methylaltroside being obtained 
as a syrup (yield 89-8%, 5-78 g.), nj* 1-4769. It showed the usual solubilities of a trimethyl 
hexose in organic solvents. 

Methylation of 2: 3-Dimethyl a-Methylaltroside.—Five treatments of the altroside (4-97 g.) 
by Purdie’s reagents were necessary for complete methylation; tetramethyl a-methylaltroside 
was obtuined as a syrup (5-37 g.), n>. 1-4500, [a] + 128-3 in chloroform (c = 0-931) (Found : 
OMe, 606. C,,H,,O, requires OMe, 62%). 

Hydrolysis of Tetramethyl a-Methylaltroside.—The foregoing substance (5-16 g.) was dissolved 
in 2N-hydrochloric acid (100 c.c.) and boiled until the rotation became constant, [a]}*” + 51-6°, 
allowings‘for change in concentration. After the usual procedure, tetramethyl altrose was 
obtained * as a syrup (4-22 g.), which reduced Fehling’s solution strongly. 

Oxidation of Tetvamethyl Altrose with Nitric Acid (cf. Hirst, J., 1926, 353).—The altrose 
(4-17 g.), dissolved in nitric acid (40 c.c.; d 1-42), was gradually heated on a water-bath; re- 
action began at 55°, and the temperature was gradually raised (35 mins.) to 90° and maintained 
thereat for 1? hrs. The reaction mixture was diluted with water (100 c.c.), and the solution 
evaporated at constant volume and 40°/10 mm. for 8 hrs. Methyl alcohol was gradually 
added in place of water over a further 4 hrs., and the solution was then evaporated to dryness. 
The residue, an almost colourless syrup, was dissolved in methyl alcohol containing 2% of dry 
hydrogen chloride, and boiled for 1} hrs.; the cooled mixture was neutralised with silver 
carbonate, filtered, and evaporated to dryness at 40°/10 mm. In order to remove silver nitrate 
the residue was extracted with chloroform, and the extract on evaporation yielded a syrup 
(3-65 g.), which distilled as a colourless syrup (3-46 g.), b. p. 150—155° (bath temp.) /8 mm., 
ni 1-4370, [a]}” — 40-1° in methyl alcohol (c = 0-97). These physical constants and the 
analysis (Found: OMe, 59-6. Calc. for CgH,,0,: OMe, 60-2%. Calc. for C,9H,,0,: OMe, 
62%) are in keeping with the idea that the product was a mixture of dimethyl /-dimethoxy- 
succinate and d-trimethoxyaraboglutarate (cf. Hirst, loc. cit.). 

Direct confirmation was obtained by the isolation of crystalline diamides of the two acids 
by the action of methyl-alcoholic ammonia on the mixed esters. The syrup (1-38 g.) was dis- 


* This result throws doubt upon the identity of-the substance tentatively described as 2:3: 4: 6- 
tetramethyl altrose (Mathers and Robertson, J., 1933, 1080). 
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solved in methyl alcohol (12 c.c.) saturated with dry ammonia. The solution immediately 
turned yellow, but no further colour change took place. After 20 hrs. crystalline material 
which had separated was filtered off, washed with methyl alcohol and ether, and dried (A). 
After 48 hrs. a second crop (B), and after 5 days a third crop (C), of crystals were obtained. 

Fraction (A) (0-09 g.) consisted of needles, and was identified as /-dimethoxysuccindiamide. 
It had no distinct m. p. but darkened at 240° and began to decompose about 270°. It showed 
[a] — 89-3° in water (c = 0-22) (cf. Purdie and Irvine, J., 1901, 79, 957; Hirst, Joc. cit.) 
(Found: C, 40-95; H, 6-74; N, 15-9. Calc. for C,H,,0,N,: C, 40-9; H, 6-82; N, 15-9%). 

Fraction (B) (0-07 g.) was obviously a mixture of (A) and (C) and was not further 
examined. 

Fraction (C) (0-22 g.) was obtained as small prisms, identified as d-trimethoxyaraboglutar- 
diamide; m. p. (crude) 223—225°, raised by one recrystallisation to 229°. It showed [a]}* 
— 47-9° in water (c = 0-731) (cf. Hirst and Robertson, J., 1925, 127, 363) (Found: C, 43-63; 
H, 7:07; N, 13-4. Calc. for CgH,,0;N,: C, 43-64; H, 7-27; N, 12-73%). 

Hydrolysis of «-Methylaltroside.—The glass (0-86 g.) was dissolved in 8% hydrochloric acid 
(19-2 c.c.), and the solution boiled until of constant rotation : an initial rotation [«]}*” + 104-5° 
became strongly levorotatory after 15 mins., increasing finally (75 mins.) to [«]}*” — 108-4° 
(calc. on anhydrohexose). At this point the solution reduced Fehling’s solution only very 
slightly. The product has not yet been examined. 

Hydrolysis of 2-Methyl a-Methylaltroside.—The altroside (1 g.), m. p. 81—83°, was dissolved 
in 2N-hydrochloric acid (20 c.c.) and boiled in the presence of norit until of constant rotation 
(24 hrs.) : [«]} + 103-8°-——> — 105-5° (calc. for a 2-methyl hexose) or — 116-3° (calc. for a 
2-methyl anhydrohexose). At this point the solution reduced Fehling’s solution fairly strongly. 
After neutralisation with lead carbonate and evaporation of the filtered solution to dryness, 
the residue was extracted with methyl alcohol. The extract did not reduce Fehling’s solution, 
and on evaporation to dryness afforded a syrup which showed no signs of crystallising (0-75 g. 
80%); when boiled with alkali it showed very little colour, and the optical rotation was not 
appreciably altered (Found : OMe, 16-9. Calc. for C;H,,0;: OMe, 17-69%. Calc. for C,;H,,0,: 
OMe, 16%). 

Attempts to form an osazone directly from the above product failed. The above hydrolysis 
was therefore repeated with 2 g. of material, and when equilibrium had been attained (the 
solution was reducing), potassium acetate (3 g.) and phenylhydrazine acetate (5 g.) in glacial 
acid (5 c.c.) were added, and the mixture heated at 60° for 2 hrs. and at 100° for 4 hr.; a yellow 
crystalline mass was deposited on cooling, but as it was contaminated with large amounts of 
acetylphenylhydrazine, it was dissolved in methyl alcohol containing a little sodium hydroxide 
solution and boiled. After addition of water, the cooled solution was filtered, and the residue 
crystallised from very dilute alcohol. Altrosazone, m. p. 164—165° (0-1 g.), was obtained (cf. 
Austin and Humoller, Joc. cit.); mixed m. p. with glucosazone (m. p. 204°) 148—152° (Found : 
N, 15-76. Calc. for C,,H,,0,N,: N, 15-64%). 

Hydrolysis of 3-Methyl «a-Methylaltroside.—The syrupy altroside (1-09 g.) was dissolved in 
4%, hydrochloric acid (20 c.c.) and treated as in the preceding case : in 3 hrs., [«]}” + 113-5° —> 
[a] — 99-9° (calc. for a 3-methyl hexose) or — 110-4° (calc. for a 3-methyl anhydrohexose) ; 
the solution then reduced Fehling’s solution. The reaction product was isolated as in the 
previous experiment, and consisted of a syrup (0-5 g.) which showed only a faint reaction with 
Fehling’s solution; on being boiled with alkali, it developed very little colour, and its rotation 
was not appreciably altered (Found: OMe, 15-75. Calc. for C,H,,0;: OMe, 176%). This 
product appeared to be contaminated with traces of inorganic material. 

For the preparation of an osazone, the hydrolysis was repeated with 1-6 g. of material, and 
a procedure similar to that in the previous experiment was adopted; 3-methyl alirosazone 
(0-56 g.) separated free from acetylphenylhydrazine. After being washed with ether, the crystals 
had m. p. 168—169°, depressed on admixture with 3-methyl glucosazone, m. p. 171—173°, to 
143—146° (Found: OMe, 7:2; N, 14-5. C,gH,,O,N, requires OMe, 8-3; N, 15-05%). 

Hydrolysis of 2:3-Dimethyl a-Methylaltroside—The altroside (0-79 g.) was dissolved in 
N-hydrochloric acid (40 c.c.), and the solution was boiled, etc., as before (2 hrs.) : [«]}* + 113° 
—> [a] — 84-9° (calc. for 2: 3-dimethylaltrose). At this point, however, the solution only 
reduced Fehling’s solution very faintly; moreover, the end-point is not comparable with that 
attained in the hydrolysis of tetramethyl a-methylaltroside ([«]}* + 51-6°). It again seemed 
probable that anhydro-formation had taken place subsequent to the removal of the methyl 
group, and on this basis the end value for the hydrolysis becomes [«]}®’ — 92-9°. As in previous 
cases, boiling with alkali was attended by only slight development of colour and loss in optical 





Baird, Haworth, and Hirst: Polysaccharides. Part XX. 1201 


activity. The product of hydrolysis was isolated in the usual way as a syrup which did not 
reduce Fehling’s solution. 
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ship which enabled one of them (C. F. G.) to take part in the research, and to Principal Sir 
James C, Irvine, C.B.E., F.R.S., for his kindly interest in the work. 
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284. Polysaccharides. Part XX. The Molecular Size of Amylose 
and the Relationship between Amylose and Starch. 


By D. K. Barrp, W. N. Hawortu, and E. L. Hirst. 


AN important fact which has emerged in this series of studies on starch is that the molecular 
weight of starch derivatives determined by the end-group method (Haworth and Machemer, 
J., 1932, 2270; Hirst, Plant, and Wilkinson, ibid., p., 2375) differs from the size of the 
starch molecular aggregates as determined by viscosity methods. This has been observed 
with derivatives of potato starch (Hirst, Plant, and Wilkinson, Joc. cit.), waxy maize starch 
(Haworth, Hirst, and Woolgar, this vol., p. 177), and ordinary maize starch (Averill, 
Haworth, and Hirst, forthcoming publication) ; thus the molecular weight of the methylated 
starch prepared from any of these three sources is about 5,000, corresponding to a chain 
length of about 25 «-glucopyranose units. Nevertheless, acetylated and methylated deriv- 
atives having widely varying viscosities can be prepared from any one of the three sources. 
These results are not attributable to the break-down of the chemical molecule of the 
starches, inasmuch as our. detailed studies of the various break-down products enable us 
to recognise them with ease. It has been suggested that the phosphorus content of the 
starches is intimately connected with the physical properties of their solutions, and through- 
out the whole of these researches particular attention has been paid to the phosphorus con- 
tent, and in all the products under examination this factor has been examined and recorded. 
We find that derivatives such as the acetates and the methyl derivatives can be prepared 
which still retain phosphorus in combination, in many cases in amounts unimpaired. The 
stoicheiometric relations of the phosphorus are obscure, for starches of phosphorus contents 
varying from 0-2% down to 0-01% can be made to give rise to products of very varied 
viscosity, and it is apparent that the latter property cannot be directly correlated with the 
phosphorus content. 

The hypothesis we have advanced in earlier papers is that the chemical molecule of 
starch is to be represented on a fairly simple basis as a unit comprising 25—30 «-gluco- 
pyranose residues united at positions 1 and 4 in chain-like fashion, and that the viscosity of 
starch products is dependent upon the degree of aggregation of these chemical molecules. 
Under a variety of treatments, it is possible to effect disaggregation to simpler units which 
give less viscous solutions. Amylopectin is, on this reasoning, considered to be a more 
highly aggregated state of starch than is amylose. Preparations of the latter revert to the 
aggregated condition of the former. It is understood that micellar aggregates of starches 
can be represented as bundles or assemblages of the chemical unit attached laterally by 
light valency forces, and the complementary hypothesis must also be advanced that the 
molecular unit of starch is capable also of longitudinal extension through the attachment 
of molecules end to end by processes of co-ordination. In either case the type of valency 
forces concerned must differ from those recognised in the principal valencies which unite 
the continuing units of C, with one another in a chain-like manner to form the chemical 
molecule. 

We have been able to alter the state of molecular aggregation of starches by various 
treatments, of which the following is an example. Grains of potato starch were submitted 
to what appeared to be a process of surface etching by heating at 80° for } hour with about 
an equal weight of ethyl alcohol containing 0-5% of hydrogen chloride. The product 
retained its original phosphorus content, and contained also a small amount of hydrogen 
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chloride which was not removed by ordinary washing. Its behaviour in polarised light was 
similar to that of the original starch, and it gave the same blue colour with iodine. It 
dissolved readily in hot water giving mobile opalescent solutions, but it no longer gave a 
paste. After solution in boiling water, it was readily precipitated by the addition of alcohol, 
and this product, which now contained no hydrogen chloride, was devoid of reducing action 
towards Fehling’s solution, gave the deep blue colour with iodine, which precipitated it 
from aqueous solution, and was completely soluble in cold water. Again its phosphorus 
content was unimpaired. The air-dried product contained 10% of water, and when this was 
removed or when the hydrated product was kept for a few hours, it reverted to a form 
insoluble in cold water and was similar in every respect to an ordinary specimen of starch 
such as may be precipitated from an aqueous paste by alcohol. In other words, the speci- 
men previously soluble in cold water had now undergone reaggregation to a higher complex, 
and it was evident that the disaggregated specimen could not be kept for long without this 
change intervening. 

The disaggregated starch, soluble in cold water, which we shall refer to as simplified 
amylose, was studied in its freshly prepared state. Acetylation in the presence of pyridine 
gave an acetate showing no loss of phosphorus content but a greatly increased state of 
aggregation. As determined viscosimetrically (Staudinger method), this had an apparent 
molecular weight of 21,000 (ca. 73 glucose units), whilst reacetylation of this acetate with 
chlorine and sulphur dioxide as catalyst gave a product still more viscous having now an 
apparent molecular weight of 35,000 (120 glucose units).* Under other conditions of 
acetylation, and with the use of sulphur dioxide and chlorine in traces as catalyst, the 
simplified amylose gave an acetate having a considerably lower viscosity, and it was evident 
that the process of reaggregation was slight under these conditions. Deacetylation in 
alcoholic potassium hydroxide in the cold regenerated what appeared to be the original 
simplified amylose, and it is significant that almost all the phosphorus in the original 
starch is retained during the preparation of the amylose, during acetylation, and during the 
subsequent deacetylation. 

The variety of amylose acetate of low viscosity was submitted to the procedure under 
which deacetylation and methylation proceeded simultaneously by the agency of methyl 
sulphate and sodium hydroxide in aqueous acetone. This treatment gave rise to a methyl- 
ated amylose having a unique interest. In common with all derivatives of polysaccharides 
prepared with the object of determining molecular size, the product was submitted to a 
careful and prolonged process of fractional purification. The final material had an optical 
rotation differing little from that of other specimens of methylated starch, a similar methyl 
content, but a greatly increased solubility, and a remarkably low viscosity in m-cresol. The 
apparent molecular weight according to Staudinger’s formula was 4,500—5,000, corre- 
sponding to a chain-length of about 25 glucose units, 7.e.,a value identical with that which 
we have previously found for all specimens of methylated starch of whatever viscosity or 
origin. The determination of the molecular weight by chemical assay of the end-group gave 
identically the same value, viz., a molecular weight of 5,000 corresponding to 25 glucose 
residues. For the first time, therefore, we have been able to prepare a derivative of starch 
undegraded in the chemical sense and having the physical properties which would be 
expected from a simplified chemical unit of the same chain-length as that which has been 
gravimetrically determined. 

The methylated and acetylated starches previously prepared in these laboratories, and 
of which the properties have been described in earlier papers, have now been examined by 
viscosity methods. They show apparent molecular weights some 3—4 times the normal 
value, although their molecular size as determined by chemical methods is again about 25 
glucose units. It would therefore appear that pre-treatment of starch in the manner 
outlined in this communication has resulted in its disaggregation, yielding a form which 


* It will, of course, be understood that no special accuracy is claimed for the high molecular weight, 
since no information is available concerning the applicability of the Staudinger equations to polymerides 
of this type. The general conclusion that highly polymerised substances are under examination is, 
however, justifiable, and the relative values recorded are highly significant. 
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approximates to the chemical molecule of starch, and other results bearing on this problem 
will be communicated later. The main results of this and previous investigations are given 
in tabular form at the end of the paper. 


EXPERIMENTAL. 


Viscosities, ysp,, were determined in m-cresol solution (0-02 g. in 5 c.c.) at 20°. 

Preparation of Amylose from Potato Starch.—Potato starch (50 g., air-dried, containing 17% 
of moisture and 0-2% of phosphorus, calculated as P,O;) was ground in a mortar with a little 
absolute alcohol and then boiled for 30 mins. with 0-5% ethyl-alcoholic hydrogen chloride 
(50 c.c.). The product was filtered off, and washed with alcohol and finally with ether. The fine 
granular powder so obtained appeared under the microscope to be identical with the original 
starch, except that slight cracks were visible across the granules. In polarised light its appear- 
ance was the same as that of potato starch. With iodine it gave a deep blue colour. No loss 
of phosphorus had taken place (Found: P,O;, 0-2%). The substance was insoluble in cold 
water but dissolved readily in hot water, giving mobile opalescent solutions but no pastes. It 
retained some hydrogen chloride (equivalent to 4 c.c. N/10-acid per 10 g. of dry material) which 
could not be removed by ordinary washing. In the following way, however, this intermediate 
product was transformed into acid-free amylose completely soluble in cold water. The acid- 
treated starch (40 g.) was dissolved in boiling water (500 c.c.), and aicohol (2 1.) added. The 
precipitate was allowed to settle, the supernatant liquid was decanted off, the solid washed with 
alcohol and ether, and kept in a desiccator. Amylose so obtained was a fine white powder 
having the properties described on p. 1202; when freshly prepared, it had [«]3}39 + 197° in water 
(c, 1-0), iodine number 0-9, phosphorus content 0-2% (calc. as P,O;). When a 2% aqueous 
solution of freshly prepared amylose was submitted to electrodialysis, flocculation took place 
after a few hours and about half the starch remained in the clear supernatant solution. The 
soluble starch was isolated and had P, 0-15%. The insoluble material had a considerably higher 
phosphorus content (0-24%). 

Acetylation of Amylose.—(a) With pyridine and acetic anhydride. Freshly prepared amylose 
(48 g.) was mixed with pyridine (130 c.c. containing 20 c.c. of water) and shaken at room temper- 
ature for 24 hours. Pyridine (320 g.) and acetic anhydride (320 g.) were then added to the 
viscid mass, and the mixture was heated at 50° for 2 days. The clear colourless solution was 
poured into water (10 vols.), and the acetylated starch was separated, washed, and dried in the 
usual manner. It was non-reducing towards Fehling’s solution and gave no colour with iodine 
(yield, 90%); [a]i% + 177° in chloroform (c, 0-9) [Found: P,O;, 0-2% (calc. on weight of 
starch contained in the acetate); CH,-CO, 40-5%]. One further treatment of this acetate 
(25 g.) with pyridine (125 c.c.) and acetic anhydride (160 c.c.) at 50° for 12 hours was required to 
complete the acetylation. The acetylated starch then had [a]}?,, +- 177° in chloroform (c, 0-8) 
(Found : CH,°CO, 44-3. Calc. for C,,H,,O,: CH,°CO, 44:8%). It was non-reducing, and was 
similar in appearance and solubilities to the partially acetylated material. There was no loss 
of phosphorus during the acetylation. The apparent molecular weight of the acetate (by 
viscosity, in m-cresol) was 21,000. A sample of this acetate was reacetylated at 50°, with 
chlorine and sulphur dioxide as catalysts (see below), in the hope that the product would give 
less viscous solutions. The acetate thus obtained differed little from the starting material but, 
contrary to expectation, was slightly less soluble in acetone and in chloroform, and its solutions 
in m-cresol were distinctly more viscous (apparent M.W. 35,000). 

(b) With sulphur dioxide and chlorine as catalysts. Freshly prepared amylose (50 g.) was 
soaked for 30 mins. in glacial acetic acid (300 g.) through which a gentle stream of chlorine had 
been bubbled for 5 mins. The mixture was stirred with acetic anhydride (500 g.) containing an 
equivalent quantity of sulphur dioxide. After 1 hour at room temperature a clear solution was 
obtained, and the acetylation was completed by heating the solution at 50° for 3 hours. The 
starch acetate was precipitated, washed, and dried in the usual manner. It wasa non-reducing 
(Fehling’s solution), crisp, white powder, which gave no colour with iodine and was soluble in 
chloroform and in acetone (yield, almost quantitative); [«]}$. + 179° in chloroform (c, 0-5) ; 
apparent molecular weight (from viscosity in m-cresol) 12,000 [Found: P,O,, 0-17 (calc. on 
weight of free starch) ; CH,-CO, 44-7%; iodine number, 1-0]. A sample of this acetate (3 g.) 
was digested with N/2-alcoholic potassium hydroxide (75 c.c.) at room temperature for 30 mins. 
The insoluble material was washed with alcohol, and dissolved in water (50 c.c.). The regener- 
ated starch, which was precipitated from the aqueous solution by alcohol, was a non-reducing 
white powder which appeared to differ from the original amylose only in its slightly smaller 
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phosphorus content (Found : P,O,, 0-15%). <A similar product, but one not so readily soluble 
in cold water, was obtained from the acetate prepare! by the pyridine method (Found : P,O,, 
0-19%). Almost all the phosphorus in the original starch is retained during preparation of the 
starch, acetylation, and subsequent deacetylation. 

Methylated Amylose.—Amylose acetate (15 g., prepared by method b) was simultaneously 
deacetylated and methylated in the usual manner by methyl sulphate (180 c.c.) and 30% 
aqueous sodium hydroxide (500 c.c.) at 55° in the presence of acetone (250 c.c.). Methylated 
amylose separated from boiling water as a pale yellow solid (Found : OMe, 39%). Five methyl- 
ations were necessary to raise the methoxyl content to 44% (yield, 70%). Only material which 
separated from boiling water was collected, and in order to avoid possible contamination with 
break-down products, no attempt was made to recover any partly methylated starch which 
remained in the aqueous solution. By this procedure, 30 g. of methylated amylose were 
collected, and were purified by solution in chloroform, filtration, evaporation of the solvent, and 
extraction of the solid several times with boiling ether. The methylated amylose was then a 
colourless glass, {«]??" + 215° in chloroform (c, 0-5) (Found : OMe, 44-6%). 

Fractionation of Methylated Amylose.—Methylated amylose (25 g.) was dissolved in chloro- 
form (60 c.c.), and ether added slowly with stirring. The syrupy precipitate which formed 
when 800 c.c. ether had been added was dissolved in chloroform, and on removal of the solvent, 
fraction I was obtained as a colourless glass (5-7 g.). Light petroleum was then added to the 
mother-liquor of fraction I, giving fraction II (14-7 g.) (Found: C, 52-7; H, 7-7; OMe, 44-5. 
Calc. for CjgH,,0,: C, 52-9; H, 7-8, OMe, 45-6%) which was worked up as before. Evaporation 
of the solution then gave a pale yellow glass (4-6 g.) which was dissolved in a small volume of 
chloroform and reprecipitated with light petroleum. This gave a colourless glass (fraction III, 
3-2g.). The properties of the fractions are summarised in the following table. 


Fraction. Weight, g. [a]p in CHC]. OMe, %. — Apparent M.W.* 
I 5°7 + 214° 44:2 0-109 5,000 
II 14-7 + 216 44-5 0-088 4,500 
III 3-2 + 214 44-0 0-08 4,000 


* By Staudinger’s formula. 


Hydrolysis of Methylated Amylose.—Methylated amylose (22 g.) was boiled with 1-2% 
methyl-alcoholic hydrogen chloride (900 c.c.) until the rotation was constant (5 hours). After 
neutralisation of the acid with silver carbonate, the solution was concentrated to a syrup 
(22 g.), which was dissolved in ether to remove inorganic impurities. After removal of the sol- 
vent, the mixture of methylglucosides (A) was fractionally distilled into a Widmer flask until 
5 g. had been collected. On distillation} through the column the 5 g. gave (a) 0-75 g., b. p. ca. 
110°/0-03 mm., nj 1-4440; (b) 0-5 g., b. p. ca. 120°/0-03 mm., nj 1-4560. A further 5 g. of 
(A) were then distilled, and mixed with the material remaining in the Widmer flask. On 
distillation through the column, this gave: (c) 0-25 g., b. p. ca. 115°/0-04 mm., m}® 1-4485; 
(d) 4-9 g., b. p. ca. 120°/0-03 mm., n}® 1-4570. Another 5 g. of (A) were then distilled into the 
Widmer flask as before, and on redistillation gave a main fraction (e) 5 g., b. p. ca. 120°/0-03 mm., 
ny 1-4570. 

Fraction (a) was pure tetramethyl methylglucopyranoside (Found: OMe, 60-4. Calc. : 
62-0%), and on hydrolysis by boiling 7% aqueous hydrochloric acid gave crystalline tetramethyl 
glucopyranose in good yield, m. p. (and mixed m. p. with an authentic specimen) 89°, [a]?” 
+ 83-5°, equilibrium value in water (c, 0-9). Fraction (b) contained approx. 10% of tetramethyl 
methylglucoside, 7.e., 0-05 g. Fraction (c) contained 66% of tetramethyl methylglucoside, 
i.e., 0-15 g. [The compositions of (b) and (c) were estimated by comparison of their refractive 
indices with those of standard mixtures of tetramethyl and trimethyl methylglucoside.] The 
total yield of tetramethyl methylglucoside was therefore 0-95 g., which requires 10% correction 
to allow for experimental losses (compare Haworth and Machemer, J., 1932, 2270). This 
brings the corrected yield of tetramethyl methylglucoside from 22 g. of methylated amylose to 
1-05 g., corresponding to a chain length of 26 units. 

The trimethyl methylglucoside ([{«]?” + 36° in water, c, 10°. Found: OMe, 51-0. Calc. : 
52-5%) obtained during the fractional distillation partly crystallised when kept. The crystalline 
portion was separated and recrystallised from light petroleum, giving 2: 3: 6-trimethyl 6- 
methylglucopyranoside, long needles, m. p. 58°, [a]? — 32-7° in water (c, 1-0). The liquid 
portion of the trimethyl methylglucoside, on hydrolysis by 7% aqueous hydrochloric acid at 


t+ The temperatures given are bath temperatures. 
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100°, gave crystalline 2: 3 : 6-trimethyl glucose, m. p. 115°; [«]#” + 71°, equilibrium value in 
water (c, 0-5). When all the trimethyl methylglucoside had been distilled from (A), there 
remained a still residue from which a viscid syrup (mainly dimethyl methylglucoside) distilled 
forward in small amount. The final still residue weighed less than 1 g. 

Deacetylation and Methylation of Starch Acetate prepared from Amylose by Acetylation with 
Pyridine and Acetic Anhydride.—Serious difficulties arose when the simultaneous deacetylation 
and methylation of the acetate prepared with pyridine as catalyst were carried out by the method 
described above. The condition of the acetate was such that deacetylation took place very 
rapidly, and the starch so liberated was thrown out of solution, took no further part in the 
reaction, and was lost. The following method was more successful. Amylose acetate (20 g.) 
was digested at 15° for 30 mins. with 470 c.c. of N/2-alcoholic potassium hydroxide. The 
alkali was neutralised with acetic acid, and the solid filtered off and dissolved in hot water 
(150 c.c.). Addition of alcohol (400 c.c.) to the aqueous solution precipitated the free amylose, 
which was at once methylated at 60° by methyl sulphate (240 c.c.) and 40% aqueous potassium 
hydroxide (800 c.c.), the reagents being added in the usual manner. The product (yield 85%), 
which had OMe 29%, was then methylated four times in succession. The methoxyl content was 
then 38%, and this rose only to 41-2% after a further 8 methylations with a large excess of 
reagents. This resistance to methylation is similar to that shown by amylopectin (Hirst, Plant, 
and Wilkinson, Joc. cit.), and the resemblance is again exemplified by the high viscosity of 
solutions of a purified sample of this methylated derivative. The methylated starch was dis- 
solved in chloroform and fractionally precipitated by ether. The main fraction was a pale 
yellow (nearly colourless) glass, [a]? + 207° in chloroform (c, 0-5); yp, 0-37; apparent M.W. 
18,000 (Found : C, 51-7; H, 7-6; OMe, 41-7%). 

The main fraction was then dissolved in methyl iodide and methylated twice by Purdie’s 
method. The product (yield quantitative) had [«]?” + 205° in chloroform (Found: OMe, 
41-5%). Its appearance remained unaltered, but it was now rather more easily soluble in 
chloroform, and in m-cresol its viscosity was considerably less (np, 0-235 ; apparent M.W. 12,000). 

Samples of starch acetate and the corresponding methylated derivative were prepared by 
Haworth, Hirst, and Webb’s method (J., 1928, 2681), and their viscosities in m-cresol were 
determined for comparison with the above figures. The results are collected in the following 


table. 
Apparent M.W. 





by end-group 
No. Starting material. Derivative. by viscosity. method. 
1. Amylose (prepared by Acetate (SO, and Cl, as catalysts). 12,000 _ 
method on p. 1203. 
Methy] derivative from acetate (1). 4,000—5,000 5,000 
Acetate (pyridine method). 21,000 — 
Acetate [reacetylation of (3) using 34,000 — 
SO, and Cl, as catalyst]. 
Methyl derivative [prepared from 18,000 — 
acetate (3)]. 
Methyl derivative [methylation of 12,000 — 
(5) by Purdie’s method]. 
Potato starch. Acetate (SO, and Cl, as catalysts). 35,000 _— 
- a Methy]l derivative [from acetate (7)]. 20,000 5,000 
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285. Studies in the Sterol Group. Part XX. The Partial 
Reduction of Fucosterol. 


By D. H. Correy, I. M. HEILBRoN, F. S. Sprinc, and H. R. Wricut. 


THE algal sterol, fucosterol, has been shown to be isomeric with stigmasterol (Heilbron, 
Phipers, and Wright, J., 1934, 1572) and to differ from the latter in that both of its ethenoid 
linkages are contained in the condensed ring system. The possibility of obtaining further 
insight into their precise position by methods of oxidation has been examined, but no 
serviceable products have yet been isolated. We have, therefore, directed our attention to 
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a study of the partial reduction of fucosterol. Hydrogenation of the acetate in ethyl 
acetate—acetone solution in the presence of palladium-black gives a mixture, fractional 
crystallisation of which yields «-dihydrofucosteryl acetate, m. p. 133—134°, and 8-dihydro- 
fucosteryl acetate, m. p. 121—122°, giving respectively on hydrolysis «-, m. p. 186—137°, 
and 8-dihydrofucosterol, m. p. 132—133°. 

Hydrogenation of each dihydrosterol in the presence of Adams’s platinum oxide gives 
stigmastanol, m. p. 134°, a result which proves that they are not stereoisomerides but 
differ in the location of their ethenoid linkages. 

Treatment of fucosterol with sodium and amy] alcohol gives a third partially reduced 
product, m. p. 159° (acetate, m. p. 86°), which we have proved to be epi-$-dihydrofucosterol 
by the following reactions. On hydrogenation, employing Adams’s platinum oxide, a 
saturated sterol, m. p. 173—174-5°, is formed which differs from stigmastanol and, since it 
yields stigmastanone on oxidation with chromic anhydride, must be the ef7-isomeride. 
Furthermore, the oxidation of «-dihydrofucosterol with chromic anhydride gives «-fuco- 
stenone, m. p. 158° (2 : 4-dinitrophenylhydrazone, m. p. 272°), whereas $-dihydrofucosterol 
and the alcohol of m. p. 159° both yield the same ketone, 8-fucostenone, m. p. 136—137° 
(2 : 4-dinitrophenylhydrazone, m. p. 185°). 

We are now engaged upon an examination of the «- and $-dihydrofucosterols with a 
view to locating the position of the ethenoid linkage in each, and consequently the positions 
of the two ethenoid linkages of fucosterol. 

The foregoing results are summarised below : 


H, + Pt0, 





Fucosterol 


Na 
-* CHO, 


a 





Y Y 
a-Dihydrofucosterol 8-Dihydrofucosterol epi-8-Dihydrofucosterol 
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a-Fucostenone Stigmastanol 8-Fucostenone epi-Stigmastanol 
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EXPERIMENTAL. 


Hydrogenation of Fucosterol.—A solution of fucosteryl acetate (6 g.) in acetone (200 c.c.) and 
ethyl acetate (100 c.c.) was hydrogenated by means of a palladium catalyst for 12 hours. The 
solvent was removed under reduced pressure and the residue crystallised from ethyl alcohol ; 
a micro-crystalline material separated, m. p. 125—126°, repeated recrystallisation of which, first 
from ethyl and finally from methyl alcohol, yielded «-dihydrofucosteryl acetate in needles, m. p. 
133—134°, [a]? — 43-53° (1 = 1, c = 7-633 in chloroform) (Found : C, 81-1; H, 11-6. C,,H;,0, 
requires C, 81-5; H, 11-5%). Hydrolysis of the acetate with 10% ethyl-alcoholic potash yielded 
a-dihydrofucosterol, crystallising from methyl alcohol in long needles, m. p. 136—137°, [a]}” 
— 38-43° (1 = 1, tc = 5:8 in chloroform) (Found: C, 84-1; H, 12-3. C,3H;,O requires C, 84-0; 
H, 12-2%.) 

Concentration of the first mother-liquors from which the «-acetate had been obtained, 
followed by repeated crystallisation of the separated solid from alcohol, gave $-dihydrofucosteryl 
acetate in needles, m. p. 121—122°, [a]? — 38-7 (1 = 1, c = 4-890 in chloroform) (Found : C, 81-45; 
H, 11-5. C3,H;,O, requires C, 81-5; H, 115%). Hydrolysis of this acetate yielded 8-dihydro- 
fucosterol, separating from alcohol in needles, m. p. 132—133°, [«]?” — 30-36° (J = 1, c = 6-47 
in chloroform) (Found : C, 83-8; H, 12-2. C,.H,,O requires C, 84-0; H, 12-2%) 
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Perbenzoic Acid Titration—(a) «-Dihydrofucosterol. After 24 and 48 hours, 0-2174 g. of 
a-dihydrofucosterol had absorbed the equivalent of 7-9 and 8-08 mg. of oxygen, respectively, 
corresponding to 0-98 and 0-99 double bond. 

(b) B-Dihydrofucosterol. The corresponding data for 0-2130 g. of 8-dihydrofucosterol were 
8-31 and 8-45 mg. of oxygen, corresponding to 1-01 and 1-03 double bond. 

Hydrogenation of «- and 8-Dihydrofucosterol.—In each case a solution of the dihydrofucosterol 
(1 g.) in glacial acetic acid (40 c.c.) and ethyl acetate (80 c.c.) was hydrogenated in the presence 
of Adams’s platinum oxide for 12 hours. After removal of the solvent and precipitation with 
water, the product was recrystallised from methyl alcohol, separating in needles, m. p. 133— 
134°, either alone or on admixture with an authentic specimen of stigmastanol. Furthermore, 
in each case, the product on oxidation with chromic anhydride in glacial acetic acid (Heilbron, 
Phipers, and Wright, Joc. cit.) yielded a ketone, m. p. 154—155°, either alone or on admixture 
with an authentic specimen of stigmastanone. 

epi-8-Dihydrofucosterol.—A solution of fucosterol (10 g.) in amyl alcohol (750 c.c.) at 110° 
was treated with sodium (80 g.) added in small pieces over a period of an hour, after which the 
temperature was maintained at 145° for a further 4 hours, the mixture being mechanically 
stirred throughout. The product, isolated in the usual manner, formed a semi-solid mass which 
was repeatedly crystallised from acetone—methyl alcohol, epi-§-dihydrofucosterol separating in 
flat needles, m. p. 159°, [«]}” + 12-2° (J = 1, c = 5-2 in chloroform) (Found : C, 84-3; H, 12-25. 
Cy9H 40 requires C, 84:0; H, 12-2%). The acetate separates from methyl alcohol as needles, 
m. p. 86° (Found: C, 81-5; H, 11-7. C3,H;,O, requires C, 81-5; H, 11-5%). After 48 hours, 
0-2034 g. of epi-B-dihydrofucosterol had absorbed the equivalent of 7-55 mg. of oxygen, corre- 
sponding to 0-96 double bond. A solution of epi-$-dihydrofucosterol (40 mg.) in chloroform 
(15 c.c.) was treated with bromine (0-9 g.) in chloroform (120 c.c.) at 0°, until the colour persisted 
(bromine absorbed, 20 mg. Cy gH, O/F, requires 15 mg.). The dibromide, m. p. 139°, isolated 
from the solution, was very unstable and could not be crystallised. 

epiFucostanol.—epi-B-Dihydrofucosterol (1-0 g.) dissolved in glacial acetic acid (25 c.c.) and 
ethyl acetate (40 c.c.) was hydrogenated as above. After removal of the solvent and precipit- 
ation with water, the product was crystallised from methy] alcohol, giving needles, m. p. 173-5— 
174-5°, which gave no colour with tetranitromethane in chloroform solution. 

Oxidation of epifucostanol. A solution of epifucostanol (0-7 g.) in glacial acetic acid (140 c.c.) 
was oxidised during 9 hours at room temperature with a solution of chromic anhydride (0-3 g.) 
in glacial acetic acid (15 c.c.) and water (2 c.c.), the whole being mechanically stirred. The 
reaction mixture was precipitated with water, and the collected solid crystallised from methyl 
alcohol, from which it separated in needles, m. p. 153—154°, either alone or on admixture with 
an authentic specimen of stigmastanone. 

a-Fucostenone.—a-Dihydrofucosterol (1-0 g.) was similarly oxidised with proportionate 
quantities of reagents for 5 hours, the reaction mixture poured into water, extracted with ether, 
and the extract washed with sodium carbonate solution. The residual oily solid remaining 
after removal of the ether was crystallised from aqueous ethyl alcohol and finally from methyl 
alcohol, from which «-fucostenone separated in small needles, m. p. 158° (Found: C, 84-5; 
H, 11-3. C.,H,,O requires C, 84-45; H, 11-65%). The 2: 4-dinitrophenylhydrazone separated 
from methyl alcohol in pale yellow micro-needles, m. p. 272° (Found: N, 9°55. C;;H;,0,N, 
requires N, 9-5%). 

§-Fucostenone.—Oxidation of 8-dihydrofucosterol by the same method afforded B-fucostenone, 
which crystallised from methy] alcohol in flat needles, m. p. 135—136° (Found : C, 83-7 ; H, 11-4%). 

Oxidation of epi-8-Dihydrofucosterol.—A solution of epi-8-dihydrofucosterol in acetic acid was 
oxidised as in the preceding cases. The product crystallised from methyl alcohol in needles, 
m. p. 186—137°, either alone or on admixture with 6-fucostenone (Found : C, 83-95; H, 115%). 
The 2: 4-diniirophenylhydrazone separates from chloroform-ethyl alcohol in small plates, 
m. p. 185° (Found: N, 9-9. C3;H;,0,0, requires N, 9-5%). 
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286. Studies in the Indole Series. Part I. Derivatives of 
2-Phenylindole. 


By NEIL CAMPBELL and ROBERT C. COOPER. 


TueE structure of the compounds which are readily formed by the action of nitrous acid on 
the indoles has been studied by several investigators, and two formule, of types (I; R = H) 
and (II; R = H), have been proposed (for summary, see Angeli, ‘‘ Neue Studien in der 
Indol- und Pyrrolgruppe,” 1911). Médhlau (Ber., 1882, 15, 2487; 1885, 18, 166) obtained 


» ( Ce Owe twee 
¥ NR 


from 2-phenylindole a “‘ nitroso-compound ” to which he assigned the zsonitroso-structure 
(I; R= H,), but Fischer (Ber., 1888, 21, 1073; Annalen, 1886, 236, 116) considered it to 
be a true nitroso-compound (II; RR =H). The nitrosoamine structure was discarded, for 
the properties of the compound differed entirely from those of the known N-nitrosoindoles, 
in that it did not give the Liebermann reaction, was reduced to 3-amino-2-phenylindole 
(instead of 2-phenylindole), melted at a high temperature, and was insoluble in the common 
organic solvents. 

Angeli and Angelico (Gazzetta, 1900, 30, 268) objected to Fischer’s formula (II; R = H) 
on the grounds that the properties of the ‘‘nitroso-compounds’”’ are quite different from those 
of true C-nitroso-compounds (e.g., nitrosobenzene), which possess low melting points, and 
dissolve readily in organic solvents to give an intense blue or green solution ; they therefore 
revived Méhlau’s suggestion that the substance was an /sonitroso-compound, which accounts 
for the solubility in sodium hydroxide solution, the formation of ethyl ethers, and the 
production of quinazoline derivatives by the action of phosphorus pentachloride at room 
temperature. This formulation is also in accord with the fact that zsonitroso- are much 
more stable than the corresponding nitroso-compounds. 

In spite of this body of evidence, however, it can still be argued that the properties 
of the compounds differ markedly from those of the true oximes, which are usually colour- 
less, readily soluble in the common organic solvents, and fairly low-melting. 

Since no true C-nitroso-indoles are described in the literature, a compound of this type 
has now been prepared for the purpose of comparison. In 3-nttroso-2-phenyl-1-methyl- 
indole (II; R = Me) a representative of a third and quite distinctive type of nitrosoindole 
has been obtained for the first time. It crystallises from ligroin in emerald-green plates, 
m. p. 144°, dissolves in most organic solvents, and is decomposed by glacial acetic acid. 
In concentrated sulphuric acid it gives a deep red colour. Although undoubtedly an 
authentic C-nitroso-compound, it does not exhibit the typical reactions of such compounds ; 
e.g., it neither gives the Liebermann reaction nor condenses with aniline or hydroxylamine. 
It therefore appears that there is no conclusive chemical test for the presence of the nitroso- 
group in organic compounds. Consequently, Angeli and Angelico’s conclusions, based as 
they are on purely chemical evidence, cannot be regarded as definitely established, so 
further confirmation has been sought by examining the absorption spectra of ‘ nitroso ”’- 
2-phenylindole, its methyl ether, and 3-nitroso-2-phenyl-l-methylindole. The curves thus 
obtained (see fig.) show clearly the similarity in structure of the “ nitroso ”-2-phenylindole 
and its methyl ether (I; R = Me), the curve of the true C-nitroso-compound (II; R = Me) 
being quite different. As the structures of compounds (I; R = Me) and (II; R = Me) are 
known with certainty, the “‘nitroso-compound” must be the isonitroso-compound 
(I; R =H). Ifitis a tautomeric mixture, the proportion of true nitroso-compound present 
must be very small. 

This structure was confirmed by the preparation of the oxime of 2-phenyl-3-indolone 
by means of hydroxylamine hydrochloride. The oxime was shown to be identical with 
‘‘ nitroso ’’-2-phenylindole or, at least, tautomeric with it, so the substance must be regarded 


as the zsonitroso-compound. 
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It follows that 2-phenylindole reacts in the indolenine form with nitrous acid. On the 
other hand, it can react in the normal form, as shown by its condensation with triphenyl- 
carbinol, a substance similar in many ways to nitrous acid (Baeyer and Villiger, Ber., 
1902, 35, 3019). 

The determination of the molecular weight of the “‘nitroso-compound” by Rast’s method 
showed it to be monomeric, So its remarkable properties cannot be ascribed to molecular 
complexity. 

In the course of our work it was necessary to prepare and identify the benzoyl-2-phenyl- 
methylindoles. A detailed study was accordingly made of the several methods available 
for preparing these compounds, and as the accepted methods of identifying such indoles 
were found unsatisfactory, new methods were devised. The most generally used process 
for the preparation of the substituted indoles is that of Fischer (loc. cit., 1886), which 
proved to be the most satisfactory in our work, a suitable fusion temperature being essential 
for good yields. By this means 2-phenyl- 
indole and 2-phenyl-5- and -6-methylindole 
were prepared. The structure of the first 
two indoles follows from the method of 
synthesis, but that of the last, prepared 
from acetophenone-m-tolylhydrazone, had 
to be elucidated by another method. 

Bischler’s method (Ber., 1892, 25, 2860) 
was less satisfactory than the Fischer 
synthesis, but it afforded 2-phenyl-7-methy]l- 
indole in 43% yield, this indole being un- 
obtainable by Fischer’s synthesis. An 
essential catalyst for the reaction is the 
hydrobromic acid usually found as an 
impurity in the anilides used. Madelung’s J3.9 
synthesis (Ber., 1912, 45, 1131) was used Cc 
to prepare the isomeric 2-phenyl-4- and 7% 300 350 400 pop. 
-6-methylindoles, the former being unobtain- ee ¥-.. ce tie 
able by either Bischler’s aed Fischer's B. Ddethplaclntter’ Gheaplindelonion. 
method; this synthesis serves to determine C. 3-Nitroso-2-phenyl-1-methylindole. 
the orientation of the methyl groups in the 
above indoles. The relative values of the three syntheses may be inferred from the 
observation that 2-phenylindole was prepared by the methods of Madelung, Bischler, and 
Fischer respectively in yields of 4-5°%, 16%, and 70% of the theoretical. 

Among the derivatives we used for characterising the indoles, the picrates and benzyl- 
idene compounds were not satisfactory, the isonitroso-compounds were suitable only if 
specially purified, and the acetyloximino-, benzoyloximino-, and benzeneazo-compounds 
were very Satisfactory. 

The mechanism of the Fischer indole synthesis has been the subject of much speculation, 
and Robinson’s theory (J., 1924, 125, 827) is now generally accepted as the most probable 
(Neber, Annalen, 1929, 471, 113). The only other theory which has been seriously con- 
sidered is that of Reddelien (ibid., 1912, 388, 165), but we have now shown this to be 
erroneous, for both acetophenone-p- and -o-toluidine when fused with phenylhydrazine 
zincichloride gave 2-phenylindole and not the 5- or the 7-methyl homologue. Bodforss 
(Ber., 1925, 58, 775) carried out the same experiment, but his methods of identifying his 
products were inadequate. 


45 














EXPERIMENTAL. 


Spectroscopic Measurements.—A Bellingham and Stanley “ medium” quartz spectrograph 
was used, giving the spectrum from 205 uy to the red region on a 10 x 4in. plate. The solutions 
were 0-0004N in ordinary absolute alcohol. An iron spark was used as a source of light, and by 
using the rotating-sector method, a quantitative determination of the absorption curves was 
made. 

Properties of 3-isoNitroso-2-phenylindole-—This compound does not condense with aniline 
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or hydroxylamine hydrochloride under ordinary conditions, and it does not yield a blue color- 
ation on addition of bromine (Piloty’s test for many isonitroso-compounds). 0-0086 G. depressed 
the m. p. of 0-1493 g. of camphor by 9°; whence M = 231 (Calc. for C,;H,,ON,: M, 236). 

2-Phenyl-3-triphenylmethylindole —2-Phenylindole (0-4 g.) and triphenylcarbinol (0-9 g.) 
were dissolved separately in boiling glacial acetic acid, and mixed; a purple solution was 
immediately formed. On the addition of water a reddish-grey substance was precipitated ; 
recrystallised from alcohol, it formed colourless truncated prisms, m. p. 212°; yield 36% (Found : 
N, 3-2. Css3H,;N requires N, 3-2%). In alcoholic solution this shows a much stronger fluor- 
escence than the parent indole. It gives Ehrlich’s test, but not the pine-splint test. 

Action of Hydroxylamine Hydrochloride on 2-Phenylindolone.—2-Phenylindolone (Kalb and 
Baeyer, Ber., 1912, 45, 2150) and hydroxylamine hydrochloride, dissolved separately in alcohol, 
were mixed and boiled for an hour; powdered sodium acetate was then added, and after a further 
hour’s boiling the yellow precipitate which had separated was filtered off, washed successively 
with alcohol, water, alcohol, and ether, and recrystallised from amyl acetate, forming an orange- 
coloured substance, m. p. 280° (decomp.), not depressed on admixture with “‘ nitroso ’’-2-phenyl- 
indole. The identity of the two substances was further established by benzoylation, both 
giving identical products (m. p. and mixed m. p.). 

3-Methyloximino-2-phenylindolone.—Sodium (0-46 g.) was dissolved in methyl alcohol (25 c.c.) 
and 3-isonitroso-2-phenylindole (4-44 g.) added. To the deep red solution thus obtained, 
methyl iodide (2-84 g.) was added, and the mixture boiled under reflux for 1 hour. On evapor- 
ating the alcohol and washing the residue with dilute sodium hydroxide solution, a dark red 
substance was obtained. This was dissolved in benzene, dried over sodium hydroxide, and the 
benzene evaporated; the viscid, dark red syrup thus obtained (3-3 g.) was extracted with light 
petroleum (b. p. 40—60°) (Soxhlet), the extract evaporated to dryness, and the dark red syrup 
placed in a desiccator evacuated to 0-5 mm. After a week, the substance began to solidify to a 
bright red crystalline mass, but complete solidification occupied several weeks. The solid distilled 
in a Pregl micro-vacuum-distillation apparatus at 193—194°/0-4 mm.; m. p. 54° (Found: 
N, 11-8. C,;H,,ON, requires N, 11-9%), and was very soluble in the common organic solvents. 

2-Phenyl-1-methylindole.—Acetophenonephenylmethylhydrazone, prepared from the freshly 
distilled hydrazine (B.D.H.), required distillation in a vacuum before being used for the next 
stage; the fraction, b. p. 186—192°/11 mm., was obtained a viscid pale yellow syrup which 
solidified with extreme slowness. Recrystallised from ligroin, it had m. p. 49—50°. 8 G. of the 
hydrazone, when fused with 40 g. of zinc chloride at 200° for 2 mins., afforded 4 g. of the indole ; 
this is an improvement on Degen’s method (A nnalen, 1886, 236, 154). 

3-Nitroso-2-phenyl-1-methylindole.—The above indole was dissolved in cold glacial acetic 
acid and treated with ca. 0-5 g. of sodium nitrite in concentrated aqueous solution; the red 
solution was poured into water, and the yellow-green precipitate washed with water, and 
crystallised twice from ligroin, affording long, narrow, emerald-green plates, m. p. 144°; yield 
85% (Found: N, 12-0. C,,;H,,ON, requires N, 11-9%). 

Preparation of Hydrazones.—These were usually obtained by heating together equimole- 
cular quantities of the hydrazine and ketone in the steam-oven for 15—30 mins., but difficulty 
was sometimes experienced, for m-tolylhydrazine which had not been freshly distilled showed no 
hydrazone formation even after 3 days’ intermittent heating on the steam-bath, whereas the 
freshly distilled hydrazine gave a 92% yield of hydrazone in 20 mins. 

A cetophenone-o-tolylhydrazone formed colourless crystals, m. p. 101°, (yield 80%) (Found : 
N 12-5. (C,;H,,N, requires N, 125%). The m-tolylhydrazone, long colourless crystals, m. p. 
81°, yield 92%, distils at 214—223°/12 mm., forming a viscid yellow syrup which very slowly 
crystallises as pure white prismatic needles (Found: N, 12-4%); and the -tolylhydrazone 
formed colourless leaflets, m. p. 125° (yield 67%). 

Synthesis of Indoles.—(i) By Fischer's method (loc. cit., 1886). 2-Phenylindole was prepared 
by 2 mins.’ fusion at 190°, m. p. 189°; yield 70% (42% as indole and 28% as the isonitroso- 
compound) ; and its:5-methyl homologue, m. p. 216°, was obtained after 14 mins.’ fusion at 175°. 

2-Phenyl-6-methylindole was prepared in } min. at 280°; yield 78% (44% as indole, 34% as 
isonitroso-compound), m. p. 193° (Found : C, 86-9; H, 6-5; N, 6-8. C,,;H,,N requires C, 86-9; 
H, 6-3; N,6-8%). Its picrate formed purple needles, m. p. 145-5° (Found: N, 12-9. C,,H,07,N, 
requires N, 12-8%), readily decomposed by water, and difficult to obtain free from its 
components. 

2-Phenyl-7-methylindole could not be prepared at any temperature between 120° and 400°. 

(ii) By Bischler’s method. Phenacylaniline and phenacyltoluidines were prepared in the 
usual way. Phenacyl-m-toluidine forms long flat prisms from alcohol, m. p. 110° (Found: 
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N, 6-2. C,;H,,ON requires N, 6-2%). 2-Phenylindole and its 7-methyl homologue (m. p. 117°) 
were prepared in yields of 16% and 43% respectively ; and the 6-methyl homologue (yield 50% 
as isonitroso-compound) was identified with the substance prepared by method (iii) by m. p. 
and mixed m. p. of the 3-isonitroso- and 3-acetyloximino-compounds. 

This method was abandoned because of the difficulty of purifying the crude product either 
by recrystallisation or by distillation in a vacuum. 

(iii) By Madelung’s method. 2-Phenyl-6-methylindole was prepared from the benzoyl 
derivative of p-xylidine (m. p. 150°) in 3-5% yield, 40% of the starting material being recovered 
unchanged. Crystallised from alcohol, it had m. p. 192-5°, and was identified (m. p. and mixed 
m. p.) with the substance prepared by methods (i) and (ii). 2-Phenyl-4-methylindole was pre- 
pared from the benzoyl derivative of o-3-xylidine; the yield was so small that the product 
was converted into the insoluble isonitroso-compound (see below), the yield of which was 5-5%. 

Derivatives of the Indoles.—Benzeneazo-compounds. These were made by the method of 
Plancher and Soncini (Gazzetta, 1902, 32, 447). 3-Benzeneazo-2-phenylindole formed dark red 
cubes, and was obtained in two forms, m. p.’s 137° and 165°. 3-Benzeneazo-2-phenyl-5-methyl- 
indole, long golden-brown prisms, m. p. 193°; yield 98% (Found: N, 13-3. C,,H,,N; requires 
N, 13-5%); the corresponding 6-methyl compound, dark brown cubes, m. p. 177°; yield 81% 
(Found : N, 13-4%); and the 7-methyl analogue, long dark red plates, m. p. 155° (yield 51%), 
from ligroin or alcohol (Found : N, 13-4%). 

isoNitroso-compounds. These were prepared by the action of sodium nitrite and glacial 
acetic acid on the indoles. They had previously been obtained by other workers only in an 
impure state; from amyl acetate, however, they crystallise well in tiny, diamond-shaped plates, 
insoluble in most organic solvents. They melt at high temperatures with decomposition but 
have perfectly reproducible m. p.’s. They give very low results on analysis by the ter Meulen 
method. Highly impure isonitroso-compounds can be purified by the following procedure. 
The compound is dissolved in a little boiling pyridine, just sufficient boiling water is added to 
give a permanent cloudiness, and the mixture is boiled and allowed to cool; the black sludge 
which is deposited is filtered off, washed at once with ether, and recrystallised once from amyl 
acetate. Owing to their insolubility, these compounds are of service in the isolation of indoles. 

3-isoNitroso-2-phenylindole is an orange-coloured compound, m. p. 280° (decomp.), and not a 
yellow substance, m. p. 258°, as described by all previous workers (Found: C, 75-5; H, 4-7; 
N, 12:3. Calc. for C,gH,pON,: C, 75:7; H, 4:5; N, 12-5%). The 4-methyl homologue is a 
yellow, microcrystalline substance, m. p. 251° (decomp.) (Found : N, 11-8. C,;H,,ON, requires 
N, 11-9%); the 5-methyl homologue has m. p. 273° (decomp.) ; the 6-methyl compound, m. p. 
237° (decomp.) (Found : N, 11-9%) ; and the 7-methyl compound melts at 244°. 

Benzoyloximino-compounds. These were prepared by benzoylation of the isonitroso- 
compounds in sodium hydroxide solution (Spica and Angelico, Gazzetta, 1899, 29, 59). 3- 
Benzoyloximino-2-phenylindolenine has m. p. 153° (Found: N, 8-5. Calc. for C,,H,,0,N,: 
N, 8-6%) (Spica and Angelico give N, 9-18%). Its 4-methyl homologue has m. p. 145-5° (Found : 
N, 8-1. C,,H,,O,N, requires N, 8-2%); 5-methyl compound, m. p. 159—160° (Found: N, 
8-4%) ; 6-methyl compound, m. p. 142—143° (Found : N, 8-3%) ; 7-methyl compound, m. p. 163° 
(Found : N, 8-4%). 

Acetyloximino-compounds. ‘These were readily obtained by the action of acetic anhydride 
on the isonitroso-compounds (Spica and Angelico, Joc. cit.). 3-Acetyloximino-2-phenylindol- 
enine, m. p. 117° (Found: N, 10-5. Calc. for C,,H,,O,N,: N, 10-6%) (Spica and Angelico 
give N, 11-0%). The 4-methyl compound has m. p. 142° (Found: N, 10-0. C,,;H,,O,N, 
requires N, 10-1%) ; the 5-methyl compound, m. p. 169-5° (Found : N, 9-9%) ; 6-methyl compound, 
m. p. 118—119° (Found : N, 10-3%) ; 7-methyl compound, m. p. 122-5° (Found : N, 10-3%). 

Disproof of Reddelien’s Theory.—Acetophenone-o-toluidine (25 g.) and phenylhydrazine 
zincichloride (21 g.) were heated together to 250°, the mixture cooled, and extracted with chloro- 
form. The indole obtained by evaporation of the chloroform was crystallised twice from alcohol, 
and shown by m. p. and mixed m. p. (189°) to be 2-phenyl- and not 2-phenyl-7-methyl-indole. 
The 3-benzeneazo-, 3-isonitroso-, and 3-benzoyloximino-compounds were prepared and shown 
by m. p. and mixed m. p. to be identical with the corresponding derivatives of 2-phenylindole and 
different from those of 2-phenyl-7-methylindole. A similar experiment with acetophenone- 
p-toluidine yielded only 2-phenylindole (identified as above). 
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Drew and Tress: 


287. Plato- and Plati-diammines containing Methylamine. 
By H. D. K. Drew and H. J. TREss. 


JORGENSEN (J. pr. Chem., 1886, 33, 530) found that an analogue of Peyrone’s chloride, 
8-Pt(NH,),Cl,, could not be obtained from methylamine (mn) and potassium chloroplatinite 
(the general method for preparing the c7s-forms of platinous diammine dichlorides), although 
n-propylamine (pn) gave pure 8-Pt pn,Cl,, and ethylamine (etn) gave a mixture of 6- 
Pt etn,Cl, and the pink plato-salt [Pt etn,]PtCl,; he remarks: ‘‘ With methylamine 
unfortunately the reaction does not take place because it seems that [cis-Pt mn,Cl,] cannot 
be prepared.” Instead, he obtained only the green plato-salt, [Pt mn,]PtCl,. This 
apparent anomaly has now been re-examined : the explanation appears to lie in the greater 
solubility in water of 8-Pt mn,Cl, over the corresponding compounds with ammonia, with 
ethylamine, and with propylamine, which facilitates its conversion into the tetrammine 
and then into the plato-salt. The required diammine can be produced by this method but 
only in minute yield. However, it is found that when potassium bromoplatinite is used, 
the less soluble 8-di(methylamino)platinous bromide, B-Pt mn,Brg, is readily obtained, 
although the green plato-salt, [Pt mn,]PtBr,, accompanies it. These two substances can 
be separated, and the bromide is readily converted into the required -chloride by the 
action of silver nitrate and then hydrochloric acid. 

The same method can be employed with ethylamine, the yield of 8-d1(ethylamino)-chloride 
obtained through the bromide being much better than that through the direct method. 

The «-series of diamino-chlorides was also prepared for comparison, by heating the 
tetrammines with halogen acid (the standard method for the preparation of ¢vans-platinous 
diammine dichlorides). Although in the ammonia series the @-dichloride is deeper yellow 
than the «-, this relationship is reversed in the ethylamine series; in the methylamine 
series, the shades of the a- and the §-isomeride are almost the same. 


l 
—_ mn mn : 
, f- Ba 4 (II; B-.) 


Cl 
al 


The «- and $-dichlorides of the methylamine series were oxidised respectively to the 
very crystalline bright yellow a- and §-tetrachlorides, Pt mn,Cl,, (I) and (II). These sub- 
stances are of interest, since the only pairs of plati-diammines hitherto described are the 
compounds from ammonia (Gerhardt; Cleve) and from pyridine. Another similar pair of 
tetrachlorides was obtained from the ethylamine dichlorides. The «- and 8-tetrathiocyanates 
(orange-yellow and orange-red, respectively), Pt mn,(NCS),, were also prepared. These 
substances may be compared with the following plato-compounds, which were analysed : 
a-Pt mng(NCS),, cream-yellow; «-Pt etn,(NCS),, yellow. 

We have already drawn attention (J., 1933, 1338: J., 1934, 1790) to the differences 
between $-Pt(NH,),Cl, and the chelated compounds, £-Pt enCl, and @-Pt trCl,, in their 
behaviour towards such reagents as phenoxtellurine dibisulphate, concentrated sulphuric 
acid, and hydrochloric acid (see also Drew and Wyatt, J., 1934, 59). These differences 

inted to a structural difference among the cis-diammines, as shown in the formule 
(III)—(VI). 

Cl NH, Cl 
Pt CH<  “SPt¢ 
CINH, NH, Cl C,H,;"NH, 
av.) v.) (V1.) 
It is now found that 6-Pt etn,Cl, and 6-Pt etn,Br, both resemble Pt enCl, in giving 


no salt of Cossa’s type with hydrochloric acid, and no colour reaction with sulphuric acid or 
with phenoxtellurine dibisulphate. These $-diammines are therefore of the structural 
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type of Pt enCl,, as shown in (VI). The methylamine analogues appear to be similar, as 
judged from their lack of reaction towards phenoxtellurine dibisulphate. It is possible that 
the small proportion of Cossa’s ethylamine salt obtainable from the amine and potassium 
chloroplatinite may arise from an initially produced unstable form of the monoammine, 
Pt Cl(etnCl), analogous in structure to the diammine (IV). 


EXPERIMENTAL. 


B-Di(methylamino)platinous bromide was prepared as follows. An aqueous solution of 
potassium bromoplatinite (1 mol.) was made by heating concentrated aqueous solutions of 
the chloroplatinite (1 mol.) and the bromide (6 mols.) ; it was cooled to 0°, and aqueous methyl- 
amine (33%; 3—4 mols.) stirred in; separation of the bromide (yellow needles) continued for 
1 hr., but the precipitate contained also some [Pt mn,]PtBr, (slender green needles), which 
mainly separated in the second half-hour. The latter salt was best removed by adding 
[Pt(NH;),]Cl, to the hot aqueous solution of the mixture, filtering from insoluble [Pt(NH;),]PtBr, 
and cooling the filtrate; the diammine separated, leaving the tetrammines in solution. The 
required salt formed yellow rectangular needles from dilute hydrobromic acid (Found: C, 5-9; 
H, 2-5; Pt, 46-3. C,H, N,Br,Pt requires C, 5-8; H, 2-4; Pt, 46-8%). The §-di(ethylamino)- 
bromide was similarly obtained as yellow plates (Found : C, 10-8; H, 3-2; Pt, 43-4. C,H,,N,Br,Pt 
requires C, 10-8; H, 3-2; Pt, 43-8%). 

B-Di(methylamino)platinous chloride was obtained only in minute yield from aqueous 
potassium chloroplatinite and methylamine (best in the presence of its hydrochloride) at 0°, 
the main product being green needles of [Pt mn,]PtCl,. It was prepared from the bromide 
(above) by grinding with hot aqueous silver nitrate, filtering the solution from silver bromide, 
adding hydrochloric acid to the filtrate, and extracting the resulting precipitate with boiling 
water, silver chloride remaining undissolved. The chloride separated from dilute hydrochloric 
acid as pale yellow needles with oblique ends; 1 g. dissolved in about 15 c.c. of boiling water, 
giving a yellow solution. This diammine was not coloured by concentrated sulphuric acid 
or by phenoxtellurine dibisulphate (Found: C, 7-5; H, 3-1; Pt, 59-1. C,H, )N,Cl,Pt requires 
C, 7:3; H, 3-1; Pt, 59-5%). 

The corresponding «-chloride was prepared as above from the a-bromide, obtained by heating 
with concentrated hydrobromic acid the mother-liquors (containing [Pt mn,]Br,) from the 
preparation of 8-Pt mn,Br,. The chloride, which was less soluble than the 8-isomeride, formed 
pale yellow square plates (Found: C, 7-4; H, 2-9; Pt, 59-7. C,H, )N,Cl,Pt requires C, 7-3; 
H, 3-1; Pt, 59-5%). 

8-Di(ethylamino)platinous chloride was prepared, together with the pink chloroplatinite, 
from ethylamine and aqueous potassium chloroplatinite, and was purified as above; it was 
also obtained through the corresponding $-dibromide. It formed pale yellow, square plates 
(Found: C, 13-3; H, 3-7. Calc. for CgH,,N,Cl,: C, 13-5; H, 4-0%). 

The a-chloride, prepared in the same way as its methylamino-analogue, formed light yellow 
rectangular plates (Found: C, 13-5; H, 4-1. Calc. for CgH,,N,Cl,: C, 13-5; H, 40%). 

The a-nitrite was prepared from the a-nitrate by means of aqueous sodium nitrite, as 
colourless rhombic tables (Found: C, 6-9; H, 2-7. C,H ,,O,N,Pt requires C, 6-9; H, 2-9%). 
The §-nitrite forms voluminous colourless needles. The «-thiocyanate, prepared from the 
nitrate by means of aqueous potassium thiocyanate, formed cream-yellow needles, m. p. 
137° (decomp.), unstable to boiling water (Found: C, 13-1; H, 2-6. C,H,)N,S,Pt requires 
C, 12-8; H, 2-7%). The @-salt formed small orange-yellow needles. 

a-Di(ethylamino)platinous thiocyanate, obtained as above, formed yellow rectangular needles 
(Found: C, 17-8; H, 4:1; Pt, 48-2. C,H,,N,S,Pt requires C, 17-9; H, 3-5; Pt, 48-6%). 

Platinic Diammines.—Prepared by oxidising the corresponding platinous compounds with 
hydrogen peroxide and hydrochloric acid, these beautifully crystalline substances dissolved in 
hot water to deep yellow solutions which oxidised tetramminoplatinous chloride as follows : 
Pt mn,Cl, + [Pt(NH,),JCl, = Pt mn,Cl, + [Pt(NH,),Cl,]Cl,. 

The §-di(methylamino)platinic chloride formed bright-yellow rhombic plates (Found: C, 6-0; 
H, 2-6. C,H, N,Cl,Pt requires C, 6-0; H, 25%); and the thiocyanate, small orange-red needles 
(Found: C, 14-2; H, 2:2. C,H, N,S,Pt requires C, 14:7; H, 21%). The a-chloride formed 
bright yellow needles (Found: C, 6-1; H, 2:7. C,H, N,Cl,Pt requires C, 6-0; H, 2-5%); and 
the thiocyanate, bright orange needles with oblique ends (Found: C, 15:1; H, 2:2; Pt, 40-4. 
C,H, oN,S,Pt requires C, 14-7; H, 2-1; Pt, 39-9%). The a- and §-tetra(ethylamino)-chlorides 
were also obtained, each in the form of yellow, sparingly soluble, rhombic plates. 
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The Action of the Halogen Acids on the cis-Diammines of Ethylamine.—8-[Pt(NH3),Cl,] is 
chiefly converted into Cossa’s ammonium salt, NH,{Pt(NH;)Cl,],H,O, when heated in N- 
hydrochloric acid for 30 hrs. in the boiling-water bath, but its ethylamine analogue was much 
more stable, separating unchanged after treatment as above with 2N-acid in a closed vessel, 
or for 15 hrs. under reflux. The mother-liquors gave only slight precipitates of Magnus’s green 
salt (on one occasion, the pink form of this salt) on treatment with [Pt(NH,),]Cl,, and on 
evaporation left only small residues composed chiefly of chloroplatinite and unchanged 
8-dichloride. 

Similarly, the B-bromide separated unchanged, mixed with a little platinum, after being 
heated under reflux for 8 hrs. with N/4-hydrobromic acid. Insoluble green needles of Magnus’s 
salt were precipitated from the orange mother-liquor by a slight excess of [Pt(NH;),)Cl,, and 
the filtrate on evaporation left only a small residue composed chiefly of the original 8-dibromide. 


We thank H.M. Department of Scientific and Industrial Research for a valuable grant, and 
the Chemical Society and Messrs. The Mond Nickel Co. for the loan of platinum. 


QuEEN Mary COLLEGE (UNIVERSITY OF LonpDon), E. 1. [Received, June 18th, 1935.] 





288. Polysaccharides. Part XXI. The Constitution and 
Chain-length of Some Starch Dextrins. 


By W. N. Hawortu, E. L. Hirst, and (Miss) M. M. T. PLant. 


THE present is one of several investigations on starch dextrins which we hope to communi- 
cate. We have studied the graded break-down products of starch because we wished to 
compare the chain-lengths as found by the gravimetric assay of the end-group (Haworth 
and Machemer, J., 1932, 2270) and by the viscosity method on the basis of the Staudinger 
formula. It was important to know also whether the molecules of shorter chain retained 
the property of undergoing molecular aggregation which is so marked a feature of starch. 
Moreover, we were concerned to find whether the progressive break-down of starch pro- 
ceeded regularly, in conformity with the view that its molecule is a continuous but termin- 
ated chain of «-glucopyranose units (Hirst, Plant, and Wilkinson, J., 1932, 2375), or whether 
support could be found for the alternative view, according to which starch would be repre- 
sented as a continuous loop with side chains of glucose members. In the latter event 
the scission of the loop at different points might lead to products having end-group values 
which would show no correlation with the progressive break-down of the starch molecule ; 
for example, it might be possible on such a hypothesis to discover a break-down product 
giving the same end-group value as the molecule of starch itself. This we have not found 
to be the case. The proportion of tetramethyl glucose amongst the hydrolysis products 
from the methylated dextrin increases as it would be expected to do on the first hypothesis, 
the value for the end-group increasing progressively as the molecule undergoes scission. 
The loop hypothesis would require that, in the hydrolysis product, tetramethyl glucose 
should be accompanied by dimethyl glucose, but we have not encountered any appreciable 
quantity of the latter in the experiments now described. 

We now outline the properties of a starch dextrin having 12 glucose units in the chain, 
and also a second dextrin having a mean chain-length of 8 glucose units. The chemical 
assay of the end-groups of these products is in agreement with the value of the molecular 
weight estimated.from the viscosities of the methyl derivatives in m-cresol solution. It is 
a matter of special importance to discover whether or not the hexose residues of the dextrin 
molecules are united exclusively by «-glucosidic links, and in this connexion it is of interest 
that the rotations of the two methylated dextrins have values which agree closely with those 
calculated by Freudenberg’s optical superposition method (Ber., 1933, 66, 177) for dextrins 
of the appropriate chain-length composed of terminated chains of a-glucopyranose units 
linked through positions 1 and 4. The chain-lengths deduced from various methods are 


tabulated below : 
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Chain-lengths of dextrins. 


Viscosity of Viscosity of 
Method. acetate. methyl derivative. Rotation. End-group. 
12 


Chain-length (Dextrin I) 10 10 
Chain-length (Dextrin IT) 7 8 8 


These dextrins show no tendency to undergo molecular aggregation to substances of 
higher molecular weight. They were prepared by heating starch with glycerol (compare 
Pictet, Helv. Chim. Acta, 1918, 1, 87), and it is clear that a small amount of glycerol remains 
combined in the dextrin, probably as the glyceryl glucoside of the first glucose unit of the 
chain (Berner, Ber., 1933, 66, 1333). For this reason, iodine numbers cannot be used as a 
means of determining chain-length. The dextrins gave with iodine in aqueous solution a 
deep red colour similar to that given by glycogen, and the same colour reaction character- 
ised the dextrins regenerated from the acetates by the action of alkali. It will be recalled 
that the blue iodine colour of potato starch is retained in a similar way by the starch re- 
generated from its acetylated derivatives. The dextrins were converted into the acetates, 
and separation was effected by fractional precipitation ; the acetates were methylated, and 
the methyl dextrins were again submitted to careful fractionation. It is noteworthy that 
the apparent chain-lengths, determined viscosimetrically, of the dextrin acetates are lower 
than the corresponding values obtained by the same method for the methylated derivatives. 
But it is the latter value which is in agreement with the gravimetric determination of the 
chain-length (compare and contrast Staudinger, Ber., 1934, 67, 48). We had noticed 
similar phenomena in other cases, and the problem will be dealt with in subsequent com- 
munications. It is not claimed that these dextrins are completely homogeneous in the 
sense that all the component molecules have precisely the same chain-length, but it seems 
evident from the properties which we have outlined that the figures given represent a mean 
chain-length and that sizes of the component molecules vary but little, on either side, 
from this mean value. Other examples of break-down products of starch, including 
dextrins prepared by other methods, will be described in later communications. 


EXPERIMENTAL. 


Preparation of Starch Dextrin.—Pure potato starch (15 g., air-dry, containing 18% moisture) 
was mixed to a paste with glycerol (80c.c.) and heated at 190—200° with frequent shaking. The 
paste swelled, giving a viscid transparent jelly which gradually became mobile. The heating 
was continued until a sample of the liquid gave in aqueous solution a deep red colour with iodine. 
After cooling slightly, the clear solution was slowly poured with vigorous stirring into alcohol 
(21.). A flocculent white powder was thus obtained from which the adherent glycerol was re- 
moved by protracted trituration with alcohol. After a final trituration with ether, the product 
was dried in a vacuum (yield, 9 g.); [a]? + 176° in water (c, 0-9) (Found: P,O;, 0-1%). The 
dextrin was slightly soluble in cold water, and the aqueous solution gave a deep red colour with 
iodine. It was readily soluble in hot water. It contained a small quantity of combined 
glycerol (compare Berner, /oc. cit.), which could not be removed by trituration. The reducing 
power was negligible. 

Starch Dextrin Acetate.-—The air-dry dextrin (moisture content 8%) (5 g.) was heated at 70° 
with pyridine (25 c.c.) until an opalescent limpid paste was formed (45 mins.). Acetic anhydride 
(17-5 c.c.) was then added, and the mixture stirred and heated at 70°, until a clear solution was 
obtained (15 mins.). After a further 45 mins.’ heating at 70° the clear mobile liquid was poured 
slowly with vigorous stirring into water (11.). The precipitated acetate was washed with water 
until acid-free, and dried in a vacuum. By repetition of the process, some 100 g. of dextrin 
acetate were prepared as a crisp white powder soluble in acetone and chloroform, and slightly 
soluble in alcohol and ether. It gave no colour with iodine and did not reduce boiling Fehling’s 
solution; [«]}%s9 -+ 158° in chloroform (c, 0-7) (Found: CH,-CO, 44-3. Calc. for C,,H,,0,: 
CH,°CO, 44:8%). The dextrin acetate contained a small amount of combined glycerol (ca. 2%) 
which was estimated in the usual way after conversion into isopropyl iodide. The iodine num- 
ber was approximately 1-0. 

On deacetylation (Hirst, Plant, and Wilkinson, Joc. cit.), the dextrin acetate gave a white 
powder which appeared to be identical with the original dextrin. It was non-reducing, gave a 
deep red colour with iodine, and had [«]?” + 174° in water. 
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Fractionation of Dextrin Acetate —The acetate (90 g.) was dissolved in chloroform (900 c.c.), 
and on gradual addition of an equal volume of ether to the filtered solution a gummy precipitate 
was obtained. The supernatant liquor was removed by decantation, and the precipitate dried 
and powdered (fraction I, yield 22 g.). Light petroleum (400 c.c., b. p. 40—60°) was now added 
with stirring, causing precipitation of fraction II (35 g.). Further addition of light petroleum 
(600 c.c.) gave fraction III (17 g.); and fraction IV (13 g.) was obtained on evaporation of the 
solution decanted from fraction ITI. 


Properties of the fractions. 


Fraction. Yield, g. Nep.-* Apparent M.W.t [a]57s in CHCl. Iodine No. 
I 22 0°12 3400 +165° 0-8 
II 35 0°075 2200 161 
III 17 0-055 1500 148 }eo 
IV 13 0°05 1400 137 
* 1% Solution in m-cresol at 20°. 
+t By Staudinger’s method, using the constant K,, = 10°. 


Fractions III and IV were very similar, and were combined for deacetylation and methylation. 
Fraction II was examined separately. 

Methylated Dextrin from Acetate Fraction II.—The acetate (in batches of 13-5 g.) was dissolved 
in acetone (200 c.c.) and treated in the usual way with methyl sulphate (150 c.c.) and 30% 
aqueous sodium hydroxide (450 c.c.), the temperature being kept at 52—54°. The mixture was 
vigorously stirred, and acetone added at intervals to replace evaporation losses. When the 
reaction was complete, the mixture was heated at 100° for 45 mins., the acetone being allowed 
to distil away. Methylated dextrin separated from the hot aqueous solution as a yellow gum, 
from which the aqueous liquid was separated by decantation. This liquor was neutralised with 
sulphuric acid and evaporated to dryness under diminished pressure. The solid was extracted 
with boiling acetone to remove water-soluble methylation products. The acetone extract so 
obtained was used as solvent for the second methylation. The once-methylated gummy product 
had OMe, 35%. Eight methylations were necessary before the fully methylated dextrin was 
obtained (yield, 85% of the theo.) (Found : OMe, 45%). The final product separated as a gum 
from the methylation solution. It was well washed with hot water, and on cooling, set to a 
hard glass which was almost completely soluble in ether (13-3 g. dissolved out of 16-7 g. crude pro- 
duct, much of the residue being mineral impurity). Only the ether-soluble portion was used in 
the subsequent experiments. This material (13-3 g.), which was now in the form of a white 
powder, was extracted twice with boiling light petroleum (b. p. 40—60°). 13-2 G. remained 
undissolved, and on evaporation of the petroleum a small quantity (approx. 0-1 g.} of viscous 
syrup remained. This consisted mainly of acetone condensation products formed during the 
methylations. The purified methylated dextrin was next fractionally precipitated from chloro- 
form solution by addition of light petroleum. Two fractions were obtained, each consisting 
of approximately half the original material, but these had properties (including viscosities) so 
nearly identical that they were combined for hydrolysis; [«]}?° + 199° in chloroform (c, 0-6) ; 
Nsp. 0-057 [0-6% solution in m-cresol at 20°; apparent molecular weight (Staudinger), approx. 
2000] (Found : OMe, 45-5%). 

This methylated dextrin (11 g.) was dissolved in five times its weight of concentrated hydro- 
chloric acid, the solution cooled to — 15°, and dry hydrogen chloride passed in to saturation. 
After a few minutes, the viscous liquid became mobile, but the mixture was kept at 0° for a 
further 24 hours to ensure complete hydrolysis. The greater part of the excess hydrogen 
chloride was removed by aeration. The solution was then diluted with twice its volume of water, 
and an excess of barium carbonate added. After filtration, the neutral liquor was extracted 
four times with chloroform and then evaporated to dryness under diminished pressure. The 
solid so obtained was separately extracted with boiling chloroform, and the combined chloro- 
form extracts were evaporated to dryness, leaving the mixed hydrolysis products as a partly 
crystalline paste (yield 10-2 g.). The mixture of methylated sugars was boiled for 12 hours with 
an excess of 1-5% methyl-alcoholic hydrogen chloride. The mixed methylglucosides (10-1 g.) 
thereby obtained were isolated in the usual way and were submitted to fractional distillation 
under diminished pressure. A preliminary separation was effected by slow distillation from an 
ordinary long-necked distillation flask into a Widmer flask. The 5 g. collected in this operation 
contained all the materials of lower b. p., together with a considerable proportion of trimethyl 
methylglucoside. Distillation from the Widmer flask then gave the following fractions: (a) 
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0-1 g., b. p. 90°/0-03 mm., n}*° 1-4370 (in view of the known small content of combined glycerol 
in the acetylated dextrin, this fraction probably consisted largely of methylated glycerol; 
owing to the low b. p. some of this may have been lost during the distillation) ; (b) 0-9 g., b. p. 
120°/0-3 mm., nj* 1-4450 (Found : OMe, 60-2%); (c) 1-59 g., b. p. 130°/0-3 mm., nj} 1-4545 
(Found: OMe, 52-9%). Afterwards, pure trimethyl methylglucoside distilled over, b. p. 
130°/0-3 mm., nj 1-4560 (Found : OMe, 51-9%). A further amount of the last substance was 
obtained when the liquid which had not been distilled into the Widmer flask was submitted to 
fractional distillation. Finally, a small non-distillable residue was obtained which was not 
further examined. Dimethyl methylglucoside was not encountered. The identity of the tri- 
methyl methylglucoside was established by its hydrolysis to 2: 3 : 6-trimethyl glucose, m. p. 
120°, [a]>° + 70° in water (equilibrium value). The identity of fraction (b) as tetramethyl 
methylglucoside was confirmed by its hydrolysis by boiling 7% aqueous hydrochloric acid to 
crystalline 2: 3:4: 6-tetramethyl glucopyranose, m. p. 90° alone or when mixed with an 
authentic sample, [«]?” + 83° in water (c, 1-0) (equilibrium rotation) ; yield, nearly quantitative. 
Fraction (b) consisted entirely of tetramethyl methylglucoside. 

The refractive index of fraction (c), together with the analytical results, showed that it 
contained about 10% of the tetramethyl derivative (0-16 g.). Only a small portion of (a) could 
possibly be tetramethyl methylglucoside. The total estimated yield of tetramethyl methyl- 
glucoside was therefore 1-06 g., to which 0-1 g. is to be added to compensate for experimental 
losses (see Haworth and Machemer, J., 1932, 2270). The over-all yield of tetramethyl] glucose from 
this methylated dextrin was therefore 9-4%, corresponding with a mean chain-length of 12 units. 

Methylated Dextrin from Acetate Fractions III and IV.—The acetate was methylated exactly 
as described above for fraction II, and the product was a hard glass which became syrupy in 
boiling water but did not dissolve (yield 86% of theo.). The methylated dextrin was dissolved 
in ether to remove some mineral impurities, and, after removal of the solvent, was exhaustively 
extracted with light petroleum (b. p. 40—60°) which removed a small amount of acetone con- 
densation products. The methylated dextrin, now in the form of a light powder, was fractionally 
precipitated from chloroform by addition of light petroleum. No differences were observed in 
the properties of the fractions (including viscosity) ; [«]p + 178° in chloroform (c, 0-5) ; Hsp, 0-039, 
[c, 0-6% in m-cresol at 20°, whence (Staudinger) apparent molecular weight = ca. 1300] (Found : 
OMe, 45%). Accordingly the fractions were recombined for hydrolysis, which was carried out 
by concentrated hydrochloric acid in the manner already described: 13-2 g. of methylated dextrin 
gave 13-0 g. of mixed methylated sugars, and from the latter 11-3 g. of mixed methylglucosides 
were obtained. Fractionation of the glucosides gave a first portion, 0-1 g., b. p. 100°/0-3 mm., 
ny 1-4330 (probably mainly methylated glycerol). The total amount of tetramethyl methyl- 
glucoside, recognised by its conversion into crystalline tetramethyl glucose, was 1-95 g., corre- 
sponding, after correction by addition of 10% (see above), to a mean chain-length of 8 units. 
The trimethyl methylglucoside gave on hydrolysis crystalline 2 : 3 : 6-trimethyl glucose. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, June 21st, 1935.] 
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BB’B’’-Trichloroiriethylamine. By H. McComsie and D. PurpieE. 


PurE crystalline 68’8’-trihydroxytriethylamine (100 g., obtained from commercial triethanol- 
amine by distillation at 1—2 mm.) is dissolved in 150 c.c. of dry chloroform in a 1500 c.c. bolt- 
head flask, and a mixture of 270 g. (12% excess) of thionyl chloride and 150 c.c. of chloroform 
added slowly through the condenser, with frequent shaking ; cooling is advisable, as the addition 
can then be carried out faster. The whole is boiled on the water-bath for 4—5 hours and 
allowed to cool; the heavy crop of 88’8’’-trichlorotriethylamine hydrochloride is filtered off and 
washed with chloroform, giving snow-white crystals, m. p. 133°, sufficiently pure for anything 
but analysis. It may be recrystallised from water, alcohol, or a mixture of the two, and then 
has m. p. 133-5°. Yield, 140—150 g. (Found: Cl, 58-7. Calc., 58-9%). 

The free base is prepared by adding caustic soda to a concentrated aqueous solution of the 
hydrochloride. Separated in chloroform and vacuum-distilled, it is obtained as a heavy oily 
liquid, b. p. 137—138°/15 mm., m. p. — 4°, having vesicant properties. On distillation at the 
ordinary pressure it decomposes, giving mainly the hydrochloride of the trichloro-base, and it 
also decomposes on long standing (Found : Cl, 52-0. Calc., 52-1%). 

The chlorine atoms of 88’8’’-trichlorotriethylamine are reactive, but only a short study was 
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made of the products obtainable from it; the best defined of those prepared was 88’8’’-trithio- 
phenoxytriethylamine, m. p. 57° (Found: S, 22-7. Calc., 22-6%). 

The platinichloride of 68’-dichlorodiethylamine (see Mann, J., 1934, 463) forms orange 
needles, m. p. 215° (decomp.) (Found: Pt, 27-7. Calc., 28-1%). That of 88’8’’-trichlorotri- 
ethylamine forms buff needles, which decompose on heating (Found : Pt, 23-8. Calc., 23-8%).— 
UNIVERSITY CHEMICAL LABORATORIES, CAMBRIDGE. [Received, June 5th, 1935.] 





An Unusual Case of Racemisation. By ERNST BERGMANN and RICHARD HARTROTT. 


In the course of experiments on the synthesis of optically active ««-diphenyl-8-methylpentane, 
CH,Me*CH,°CHMe’CHPhg, we studied the interaction of levorotatory ethyl a-methyl-n-valerate 
with phenylmagnesium bromide. The product was the desired carbinol, but it was optically 
inactive and identical with the carbinol obtained from the racemic ester. 

Now it is an axiom of stereochemistry that racemisation of a tetrahedral atom can only 
occur if (a) the tetrahedral atom participates in a substitution reaction or if (b) it loses tempor- 
arily its asymmetric structure. Obviously, the first alternative is inapplicable, and only two 
possibilities can be contemplated in connection with (b): the ester undergoes enolisation 
before it reacts with the Grignard compound (or after the interaction with the first Grignard 
molecule, in the form of the ketone CHMePr-COPh) or the reaction product is racemised. 
Since dialkylated ethyl acetates are not easily racemised (Conant and Carlson, J. Amer. Chem. 
Soc., 1932, 54, 4048), the loss of activity must occur in the end product. We suggest that the 
carbinol (or its bromomagnesium derivative), when formed, undergoes spontaneously reversible 
dehydration, 

CHMePr:CPh,°OH => CMePr:CPh, 
which must be accompanied by racemisation. The easy dehydration of diphenylalkylcarbinols 
is well known. 

The observed racemisation, if occurring in the above manner, finds analogy in the fact that 
a substituted ammonium hydroxide NR,R,R,H(OH), although asymmetric, cannot exist in 
optically active forms. 

EXPERIMENTAL. 

a-Methyl-n-valeric acid was prepared by coupling methyl methylmalonate (200 g.) with 
propyl bromide (150 g.) by means of sodium (26-5 g.) in methyl alcohol (450 g.), saponification of 
the isolated methyl methylpropylmalonate (b. p. 109—111°/20 mm.; yield, 200 g.) by means 
of 10% methyl-alcoholic potassium hydroxide (2-2 mols.), and decarboxylation by heat. It had 
b. p. 102—105°/12 mm. (see Stiasny, Monatsh., 1891, 12, 594); yield, 62g. A partial resolution 
of the racemic acid was carried out by means of brucine according to Levene and Bass (J. Biol. 
Chem., 1927, 70, 216). The brucine salt, m. p. 73—80°, gave a levorotatory acid, b. p. 190—193°, 
[a]p — 5-25° (in acetone). From 5 g. of that preparation, the methyl ester (5 g.) was obtained 
by means of 1 g. of diazomethane; b. p. 135—136°, [a]p — 6-95° (in acetone). 

Interaction between Methyl (—) a-Methyl-n-valerate and Phenylmagnesium Bromide.—The 
levorotatory ester (5 g.) was added to a Grignard solution (magnesium, 2-5 g.; bromobenzene, 
18-5 g.) and heated for 30 minutes, and the product decomposed by means of ice and ammonium 
chloride. The residue of the ethereal layer, repeatedly distilled in a vacuum, gave aa-diphenyl- 
8-methyl-n-amyl alcohol as a colourless oil (3-5 g.), b. p. 195-—197°/14 mm., which showed no 
optical activity in acetone or alcohol (Found: C, 85-3; H, 8-6. C,,H,,O requires C, 85-0; 
H, 8-7%). The methyl ether too, prepared by the procedure described below, was optically 
inactive. 

For comparison, the same procedure was applied to the racemic methyl ester (b. p. 135— 
137°) (7 g.), which with magnesium (3-5 g.) and bromobenzene (26 g.) gave the same racemic 
alcohol, (7 g.), b. p. 194—196°/15 mm., 186—187°/11 mm. (Found: C, 85-3; H, 8-7%). 

Synthesis of Racemic «a-Diphenyl-8-methylpentane.—The carbinol (5 g.) was dissolved in dry 
xylene, and the calculated amount of potassium added, which dissolved on slight heating. When 
most of the metal had disappeared, three times the theoretical amount of methyl iodide was 
added, and the whole heated for 4 hours. Some drops of alcohol were then added and the 
xylene was washed with water, dried, and evaporated ina vacuum. Distillation of the residue 
gave a-methoxy-aa-diphenyl-B-methylpentane (4 g.), a colourless oil, b. p. 174—176°/13 mm. 
(Found: OMe, 10-4. C,,H,,O requires OMe, 11-6%. Vieboeck’s method, Ber., 1930, 63, 2812, 
3207). Methylation of the carbinol with methyl-alcoholic sulphuric acid according to Ziegler 
and Schnell (Annalen, 1924, 487, 228) gave a similar product (Found: OMe, 9-1%), but de- 
hydration occurred to a still larger extent. 
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aa-Diphenyl-B-methylpentane was prepared by shaking the methyl ether (3 g.) in ethereal 
solution with sodium powder for 3 months, decanting the dark brown-red solution, and adding 
alcohol to it until the colour disappeared; distillation of the ethereal residue gave 1-2 g. of the 
hydrocarbon, b. p. 163—-164°/13 mm. (Found: C, 90-7; H, 9-5. C,gH,. requires C, 90-8; 
H, 9-2%). 


The experiments were partly carried out in the Laboratory of the Friedrich Wilhelm 
University, Berlin—TuHrE DaniEL SrtEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. 
[Received, March 6th, 1935.] 





N-Benzhydryl-N’-arylformamidines. By LronarD E. HINKEL, ERNEsT E. AYLING, and 
Joun H. BEyYNon. 


BENZHYDRYLFORMAMIDINE (Gattermann and Schnitzspahn, Ber., 1898, 31, 1770), on heating 
with primary aromatic amines, yields a series of N-benzhydryl-N’-arylformamidines. The 
unsymmetrical formamidines on acid hydrolysis yield N-benzhydrylformamide and the aryl 
amine, thus behaving similarly to benzhydrylformamidine itself (idem, ibid.), and to diaryl- 
formamidines (Dains, Ber., 1902, 35, 2496), which yield the N-substituted formamide and either 
ammonia or arylamine respectively. 

N-Benzhydryl-N’-phenylformamidine reacts similarly to symmetrically substituted diaryl- 
formamidines with compounds containing reactive methylenic hydrogen, viz., phenylaceto- 
nitrile, ethyl acetoacetate, and ethyl malonate (compare Dains, /oc. cit.), aniline elimination 
occurring with the nitrile and anilide formation with the acetoacetate and malonate. The form- 
ation of the anilides (II, R = Me or OEt) with the esters is in agreement with the view (Dains 
and Brown, J. Amer. Chem. Soc., 1909, 31, 1148) that the initial reaction yields the substituted 
aminomethylene derivative (I) and free amine, a secondary reaction being possible between 
these if the former contains a carbethoxy-group. 

(I) CHPh,‘NH-CH:C(CO,Et)-COR > CHPh,'NH-*CH:C(CO-NHPh)COR (IL) 

Condensation of Benzhydrylformamidine with Primary Aromatic Amines.—A solution of 
benzhydrylformamidine (1 mol.) and the aromatic amine (1 mol.) in dry benzene was heated 
under reflux on the water-bath for 2—3 hours until the evolution of ammonia was complete ; 
after removal of the benzene, the solid product was crystallised from light petroleum (b. p. 
60—80°). 

Aniline (7 c.c.) yielded N-benzhydryl-N’-phenylformamidine (19 g.; 86%) in long colourless 
needles, m. p. 126-5° (Found: N, 9-8. C,,H,,N, requires N, 9-8%). -Toluidine (2-1 g.) 
yielded N-benzhydryl-N’-p-iolylformamidine (5 g., 85%) in colourless prismatic needles, m. p. 131° 
(Found: N, 9-2. C,,H,)N, requires N, 9:-3%). -Chloroaniline (3-8 g.) yielded N-benzhydryl- 
N’-p-chlorophenylformamidine (7-5 g., 78%) in long colourless needles, m. p. 124° (Found : 
N, 8-7. Cyg9H,,N,Cl requires N, 8-7%). p-Anisidine (2:3 g.) yielded N-benzhydryl-N’-p- 
methoxyphenylformamidine (5 g., 85%) in colourless needles, m. p. 137° (Found: N, 8-8. 
C,,HgON, requires N, 8-9%). §-Naphthylamine (3 g.) yielded N-benzhydryl-N’-B-naphthyl- 
formamidine (6 g., 85%) in colourless needle-shaped crystals, m. p. 115° (Found: N, 8:1. 
Cy4Hy)N, requires N, 8-3%). 

Hydrolysis of the Benzhydrylarylformamidines.—N-Benzhydryl-N’-phenylformamidine (6 g.) 
was boiled with 4N-hydrochloric acid (50 c.c.) for 1 hour. Crystallisation of the solid, which 
gradually separated during the heating, from aqueous alcohol yielded benzhydrylformamide 
(4 g., 90%) in colourless needles, m. p. and mixed m. p. 132°. The acid filtrate from the 
hydrolysis yielded aniline on basification and distillation in steam. 

The other compounds similarly yielded benzhydrylformamide and the corresponding amine. 

Condensation of N-Benzhydryl-N’-phenylformamidine with Phenylacetoniirile-—The amidine 
(7 g., 1 mol.) and phenylacetonitrile (3-1 c.c., 1 mol.), heated together at 150—160° for 2-5 
hours, yielded a viscous liquid, which slowly solidified on cooling. The solid was washed with 
alcohol and crystallisation from alcohol yielded §-benzhydrylamino-a-phenylacrylonitrile (3 g., 
40%) in colourless flat needles, m. p. 141° (Found: N, 8-95. C,,H,,N, requires N, 9-0%). 

Condensation of N-Benzhydryl-N’-phenylformamidine with Ethyl Malonate.—The amidine 
(4 g., 1 mol.) and ethyl malonate (2-6 c.c., 1-125 mols.) were heated for 3 hours at 145—150°. 
The resulting viscid liquid slowly solidified on cooling and, after washing with alcohol, the 
anilide of ethyl benzhydrylaminomethylenemalonate (3-1 g., 55%) crystallised from ether—light 
petroleum (b. p. 40—60°) in colourless prismatic needles, m. p. 145° (Found: N, 6-9. 
C,5H,,0O,N, requires N, 7-0%). 
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Condensation of N-Benzhydryl-N’-phenylformamidine with Ethyl Acetoacetate——The amidine 
(6 g., 1 mol.) and ethyl acetoacetate (4-1 c.c., 1-5 mols.) were heated at 145—150° for 1-5 hours. 
The solid, slowly formed from the viscous liquid on cooling, was washed with alcohol, and the 
anilide of benzhydrylaminomethyleneacetoacetic acid (2 g., 26%) crystallised from alcohol in long, 
white, glistening needles, m. p. 154° (Found: N, 7-5. C,,H,,0O,N, requires N, 7-6%). 


The authors thank Imperial Chemical Industries, Ltd., for a grant.—UNIVERsSITY COLLEGE, 
SWANSEA. [Received, May 28th, 1935.] 





n-Propyl and n-Butyl Gallate. By R. M. Harris and J. C. Situ. 
An attempt to use the solid n-butyl gallate for the purification of n-butyl alcohol (Clarke, 
Robinson, and Smith, J., 1927, 2648) led to the observation that admixture with m-propy] 


gallate raised the m. p. of the ester. 
The binary system has now been investigated with distilled esters crystallised from toluene. 


n-Propy]l gallate, mols. % 0-0 2-5 71 10-0 16-5 230 37-5 44-3 
M. p. (liquidus) 142-4° 143-:1° 1445° 145-8° 148:0° 150-2° 153-0° 153-3° 
n-Propy]l gallate, mols. % 525 565 67-0 74:8 86-5 94:0 97:5 100 
M. p. (liquidus) 153-5° 153-6° -153-4° 152-79 -151-3°-150-1°—:149-2°-148-6° 

No compound is formed and the system is one of the rare cases of a continuous series of solid 
solutions with a maximum m. p. (153-6°, 57% n-propyl) (Type II). Mackenzie and Miiller 
(J., 1909, 95, 547) state that the amyl gallates form solid solutions—THrE Dyson PERRINs 
LABORATORY, OXFORD UNIVERSITY. [Received, June 15th, 1935.] 





A Micropyknometer Method for Density Determinations. By G. R. Clemo and A. McQUILLEN. 


In recent work on hexadeuterobenzene, it was necessary to determine the density of small 
quantities of liquid (ca. 2mg.). The usual method of measuring the length of a thread of liquid 
in a capillary tube was abandoned owing to the difficulty of obtaining tubes of uniform bore. 
A small pyknometer (see fig.) was devised from a short length of capillary tubing drawn out at 


10 ma. 
0-004 mm. 0-4 mm. 
G so ee denis. eh) 
=: <_-0-4mm. inn. > p 
ie eer coer ep cor, 
Le 25 mm. » 
each end to a strong tip with a fine hair-like bore. This filled itself from tip to tip by mere 
immersion of one end in the experimental liquid, cooled to ca. 0-2° below the balance-room 
temperature, which the liquid attained after some 5 mins.’ standing; the slight excess of liquid 
was discharged and completely evaporated, the size of the capillaries being such that no further 
loss of benzene by evaporation could be detected by repeated weighings during } hour. All 
weighings were carried out with a microbalance, a tare very similar to the pyknometer itself 
being used. All manipulations were carried out with bone-tipped forceps, and in each case the 
outside of the instrument was dried with a glass cloth, dusted with a camel-hair brush, and 
allowed to stand in the balance case for 15 mins. before being weighed. 

The pyknometer was weighed alternately empty and filled with benzene. It was emptied 
by centrifuging (so that some 6 mg. sufficed for eight separate determinations), dried at 80° for 
2 hours in a stream of dry air, and the experiment repeated with hexadeuterobenzene, and 
finally with distilled water. Ordinary benzene was used after both the heavy benzene and the 
water determination in order to prove that no change occurred in the adsorbed film. The follow- 
ing results were obtained at 17-2°: 

Wt. of C,H,, mg. [2:236], 2°258, 2253, 2°241, 2°253, 2°244, 2-264, 2-254, 2-252, 2:259; mean 2°253. 
Wt. of C,D,, mg. [2°430], 2°431, 2°441, 2°451, 2°437, 2-445, 2°450, 2°441, 2-432; mean 2-441. 

Wt. of H,O, mg. [2°551], 2°575, 2°552, 2°564, 2-561, 2°576, 2°570, 2°559, 2°563; mean 2°564. 

After C.D, : [2°269], 2°258, 2°249; mean 2-254. 

After H,O : [2°268], 2°250, 2°245; mean 2°248. 

If the first weighing (in brackets) in each series be omitted, the mean deviation from the mean 
of all these weighings is 0-005 mg., thus giving the density of ordinary benzene as 0-879 and of 
hexadeuterobenzene as 0-954.—ARMSTRONG COLLEGE, UNIVERSITY OF DURHAM, NEWCASTLE- 
UPON-TYNE. [Received, July 18th, 1935.] 
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289. Studies in the Sterol Group. Part XXI. Lumisterol. 
By I. M. HerLsron, F. S. Sprinc, and P. A. STEWART. 


THE photochemical conversion of ergosterol into calciferol proceeds according to the 
scheme : 
Ergosterol —» Lumisterol —> Tachysterol —> Calciferol 


and further irradiation of the last results in the formation of the suprasterols-I and -II 
[compare Setz, (bibl.) Z. physiol. Chem., 1933, 215, 183]. 

A preliminary study of the constitution of calciferol has revealed that it differs pro- 
foundly from the tetracyclic triethenoid ergosterol, C,,H,,O, with which it is isomeric in 
that it has four ethylene linkages and possesses a tricyclic system consequent upon the rupture 
of ring B of ergosterol (Heilbron, Samant, and Spring, Nature, 1935, 135, 1072). Calciferol 
thus resembles tachysterol, which Lettré (Annalen, 1934, 511, 280) has also shown to be 
tricyclic. 

As a result of these findings, we have now begun an investigation of lumisterol in order 
to ascertain whether ring B is intact at this stage in the photochemical transformation. 
In view of the fact that calciferol had 
previously been reported to possess 
only three  ethenoid linkages 
(Windaus, Linsert, Liittringhaus, and 
Weidlich, Annalen, 1932, 492, 226; 
Askew et al., Proc. Roy. Soc., 1932, 
B, 109, 468), we deemed it advisable 
to redetermine the degree of unsatur- 
ation of lumisterol. We find, in 
accord with previous investigations 
(Windaus, Dithmar, and Fernholz, 
Annalen, 1932, 493, 259; Dimroth, 
Ber., 1935, 68, 539), that it contains 
three ethylene linkages, as shown 
both by the method of perbenzoic 
acid titration and by that of quan- 
titative hydrogenation. The tetra- 
cyclic nature of lumisterol is further 
demonstrated by the fact that it yields methylbenzenetetracarboxylic acid on oxidation 
with concentrated nitric acid (Inhoffen, Annalen, 1932, 494, 122) and gives Diels’s 
hydrocarbon (C,,H,,) on dehydrogenation with selenium (Dimroth, loc. cit.). We deduce 
from the former observation that, as in the case of ergosterol, lumisterol contains 
two ethenoid linkages in ring B; its third ethylenic linkage is located in the side-chain 
(A22:23), since it gives methylisopropylacetaldehyde on ozonolysis (Guiteras, Annalen, 
1932, 494, 117). Thus it would appear that the three ethenoid linkages of lumisterol are 
in substantially the same positions as are those of ergosterol. 

Lumisterol differs from ergosterol in that it fails to form an insoluble digitonide and is 
strongly dextrorotatory. Both of these differences would be accounted for if lumisterol 
were simply efiergosterol. With a view to test this hypothesis, we have dehydrated 
lumisterol with phosphorus oxychloride; the product, lumistatetraene, is, however, not 
identical with Rygh’s ergostatetraene (Z. physiol. Chem., 1929, 185, 99), thus proving that, 
apart from possible epimerisation, other changes must have occurred during the photo- 
chemical transformation. 

With the object of determining the precise position of the two nuclear ethenoid linkages 
of lumisterol, we have oxidised it with perbenzoic acid, obtaining /umistadienetriol mono- 
benzoate, m. p. 185—186°. Hydrolysis of this gives /umistadienetriol, m. p. 180—181", 
which yields only a diacetate, m. p. 128—130°. Titration of both lumistadienetriol mono- 
benzoate and lumistadienetriol with lead tetra-acetate indicates that the former 7s not and 
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the latter 7s an «-glycol. As a completely analogous series of reactions has been observed 
with ergosterol resulting in the formation of ergostadiene-3 : 5 : 6-triol (Windaus and 
Liittringhaus, Annalen, 1930, 481, 119; Heilbron, Morrison, and Simpson, J., 1933, 302), 
it appears almost certain that lumisterol likewise contains a A®5:®-ethenoid linkage. A 
detailed investigation of the new triol and its derivatives is in progress with a view to con- 
firm this deduction. 

A further analogy between ergosterol and lumisterol is to be seen in the facile dehydrogen- 
ation of lumisteryl acetate by mercuric acetate, dehydrolumisteryl acetate, m. p. 142—143°, 
being obtained (compare Windaus and Briinken, Annalen, 1928, 460, 225). 


EXPERIMENTAL. 


Lumisteryl 3 : 5-Dinitrobenzoate.—Repeated crystallisation of crude material from methyl 
alcohol—acetone (1 : 1) gave the eséer as pale yellow needles, m. p. 140—141°, [a] + 24° (/ = 1, 
¢ = 1-1 in benzene) (Askew e¢ al., loc. cit., give m. p. 139—141° and [«]?{4, + 24° for the 3: 5- 
dinitrobenzoate of their ‘‘ sterol x’ without, however, analysing this ester) (Found: C, 71-1; 
H, 7:7; N, 4-65. C3;H,ygO,N, requires C, 71-1; H, 7-85; N, 4:7%) 

Lumisterol—A suspension of lumisteryl 3: 5-dinitrobenzoate (10 g.) in boiling methyl 
alcohol (120 c.c.) was treated with aqueous sodium hydroxide (12 c.c.; 2N), added during 20 
minutes, and the solution refluxed for a further hour. Precipitation with water and crystallis- 
ation of the collected solid from methyl alcohol gave lumisterol in needles, m. p. 116—117°, 
[a)= + 177-6° (1 = 1, ¢ = 1-17 in acetone) (Askew ef al., loc. cit., give m. p. 116-5—118-5°, 
[a]? + 176° in ethyl alcohol; Windaus, Dithmar, and Fernholz, Joc. cit., give m. p. 118°, [«]}” 
+ 191-5° in acetone). Lumisteryl acetate separates from methyl alcohol in long needles, 
m. p. 99—100°, [a]? + 129-6° (i = 1, c = 0-83 in acetone) (Windaus, Dithmar, and Fernholz, 
loc. cit., give m. p. 100°, [a]? + 130-5° in acetone). 

Titration of Lumisterol with Perbenzoic Acid.—A solution of lumisterol (0-609 g.) in chloro- 
form (20 c.c.) was set aside at 0° with a solution of perbenzoic acid in chloroform (50 c.c.) 
containing 0-157 g. of active oxygen : 

Time (hours) 95 124 192 
Atoms of O absorbed , 30 31 3°04 

Micro-hydrogenation of Lumisterol—A comparison of the velocity of hydrogenation of 
lumisterol and ergosterol is shown in the fig. It is noteworthy that under the standard conditions 
employed, whereas with ergosterol the absorption ceases, even after heating, at the tetrahydro- 
stage, yet with lumisterol absorption proceeds until the equivalent of 3 mols. of hydrogen is 
absorbed. 

Lumistadienetriol Monobenzoate.—A solution of perbenzoic acid in chloroform (300 c.c. 
containing 0-82 g. active oxygen) was added slowly (1 hr.) and with constant stirring to a solution 
of lumisterol (18-7 g.) in chloroform (350 c.c.) at 0°, and the whole maintained at this temperature 
for a further 20 hrs. After removal of the solvent, an ethereal solution of the residual solid 
was washed with aqueous sodium carbonate, dried, and the ether removed. The crude solid 
was crystallised first from methyl alcohol-ether and then repeatedly from acetone, /umisia- 
dienetriol monobenzoate (11-2 g.) separating in prismatic needles, m. p. 185—186°, [a]? — 68-0° 
(/ = 1,¢ = 1-8linchloroform) (Found : C, 78-7; H, 9-4. C3,;H,,O, requires C, 78-6; H, 9-4%). 
With antimony trichloride it gives a very intense carmine coloration, which slowly changes to 
brown and finally to green. 

Lumistadienetriol.—A solution of the benzoate (10-7 g.) in methyl-alcoholic potash (540 c.c. ; 
5%) was refluxed for 3 hours. After concentration to half-bulk, the solution was diluted with 
water, and the precipitated solid crystallised repeatedly from methyl alcohol, /umistadieneiriol 
separating in clusters of needles, m. p. 180—181°, [a]?” — 8-7° (1 = 1, ¢ = 5-763 in chloroform) 
(Found: C, 78-3; H, 10-9. C,,H,,O, requires C, 78-1; H, 10-8%). 

The triol (0-30 g.) was set aside with a chloroform solution of perbenzoic acid (35 c.c.) con- 
taining 0-597 g. of active oxygen : 

Time (hours) 48 75 
Atoms of O absorbed ’ 1-96 1-96 

The diacetate, prepared by the acetic anhydride—pyridine method, separated from methyl 
alcohol in stout prisms, m, p. 128—130°, [a]? — 48-4° (J = 1, c = 1-551 in acetone) (Found : 
C, 74:5; H, 9-8. C,,H,,0, requires C, 74-65; H, 98%). It is extremely soluble in common 
organic solvents. 
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Lumistatetraene.—Lumisterol (2-5 g.) was added quickly to a mixture of phosphorus oxy- 
chloride (1 g.) and pyridine (20 c.c.), and the solution boiled for 2 minutes. The resultant 
turbidity was removed by addition of methyl alcohol, and after refrigeration over-night the 
separated crystalline solid was collected, washed with water, and dried. After several crystal- 
lisations from methyl alcohol—ether, /umistatetraene was obtained as clusters of long needles, 
m. p. 88—90°, [a]? + 298-9° _ So = 1, ¢ = 1-097 in chloroform) (Found: C, 88-5; H, 11-2. 
CygHg, requires C, 88-8; H, 11-2 %)- With antimony trichloride in chloroform the following 
colour changes were observed : crimson —-> dark red —-> purple —-> violet —-> green. 

Dehydrolumisteryl Acetate ——Lumisteryl acetate (4 g.) in chloroform (50 c.c.) was added to 
a solution of mercuric acetate (9-2 g.) in glacial acetic acid (100 c.c.), and the mixture shaken 
at room temperature for 34 days. The separated mercurous acetate was removed, and the 
filtrate diluted with water and extracted with ether. The extract was washed with sodium 
carbonate solution and dried; after removal of solvent it gave an oil which slowly crystallised 
from methyl alcohol, giving dehydrolumisteryl acetate in long needles, m. p. 142—143°, [«]>” 
+ 226-4° (1 = 1, ¢ = 1-02 in chloroform) (Found: C, 82-5; H, 10-3. CggH,,O, requires 
C, 82-5; H, 10-2%). 


Our thanks are due to Messrs. Joseph Nathan & Co., Ltd., for the gift of lumisterol, and to 
the Carnegie Trust for a scholarship which enabled one of us (P. A. S.) to participate in this 
investigation. 


UNIVERSITY OF MANCHESTER. [Received, June 6th, 1935.] 





290. Studies of the Beckmann Change. Part III. The Rearrangement 
of Ketoxime Hydrochlorides. 


By ARTHUR W. CHAPMAN. 


In Parts I and II of this series (J., 1933, 806; 1934, 1550), observations on the spontaneous 
Beckmann rearrangement of ketoxime esters and ethers (I) were discussed, and reasons 
were adduced (compare also Chem. and Ind., 1935, 54, 463) for regarding the exchange of 
positions by the hydrocarbon radical and the group —-OX of the oxime ether in these 
cases as truly intramolecular. 


R—C—R Beckmann ita R—C—O 
N—OX change N R—N—X 
(I.) (II.) (III.) 
(X = picryl and certain acyl radicals.) 


The action of many of the reagents employed to bring about the Beckmann change of 
oximes may be explained as the initial production of such an ester (I) from the oxime and 
reagent, and its subsequent transformation whenever the group —OX has a sufficient 
attraction for electrons. The immediate product of rearrangement (II or III) is generally 
decomposed into the simple amide during the working up of the material. Reagents in 
this class are the chlorides and oxychlorides of phosphorus and sulphur, the arylsulphonyl 
chlorides, and probably sulphuric acid. 

Hydrogen chloride, on the other hand, although a potent agent for effecting the 
Beckmann change, cannot be fitted into this simple system. An almost quantitative 
conversion of a ketoxime into the corresponding amide can be obtained by heating the 
oxime and hydrogen chloride together in a suitable solvent, or even by fusion of the dry 
oxime hydrochloride, whilst the efficacy of the chlorides of the weaker organic acids as 
reagents for the Beckmann change doubtless also depends on the formation of this 
compound. Stieglitz and Peterson (Ber., 1910, 48, 782) and Peterson (Amer. Chem. J., 


1911, 46, 325) have shown, however, that the N-chloro-compounds elk — (IV) which 


correspond with (I) do not undergo rearrangement. Numerous hypothetical mechanisms 
have been suggested but none has proved satisfactory. It was therefore decided to 





1224 Chapman: Studies of the Beckmann Change. Part III. 


reinvestigate the whole question of the Beckmann change of a ketoxime in the presence of 
hydrogen chloride, by employing a homogeneous system and conditions which permitted 
a quantitative study of the rearrangement. Benzophenoneoxime was chosen as the oxime 
and ethylene dichloride as the solvent. 

A study of the progress of the rearrangement at 100° showed that the change was 
complex. The time required for a given amount of change to take place depended on the 
concentration of hydrogen chloride, but the general shape of the time-rearrangement 
curve was the same over a wide range of concentration. A typical example is shown in 
the figure (Curve I). At first the rearrangement was very slow but the rate steadily 

100 increased until, after about 30% of the 
3 material had been changed, it reached a 
90 nearly constant and relatively high value 
which was maintained until the conver- 
sion was complete, the product being 
almost pure benzanilide. An identical 
period of slow but increasing velocity of 
change was observed when the hydrogen 
chloride was introduced as oxime hydro- 
chloride, so that delay in the formation 
of this compound was not the reason for 
the slow beginning. When, however, a 
mixture containing 30% of benzanilide 
and 70% of oxime was employed as 
starting material the initial slow period 
Ww was much shorter, and was followed 
—o- = —a, immediately by a rapid change identical 
PE ese eter with the rapid phase of the rearrangement 
0 25 50 75 100 125 150 175 200 225 259 starting from the pure oxime (Curve II). 
; rie Time pat It was also found that replacement of 
- 0°42 Mol. HCl : starting from pure oxime. part of the solvent ethylene dichloride by 
II. = HCI : starting from 30% anilide, 70% alcohol completely inhibited the change. 
III. oe Die. HCl + 0-002 mol. benzanilideimido- These observations suggested that the 
chioride. 
IV. 0:002 Mol. benzanilideimidochloride. reer pt! aeah ae ae c yr 
some substance formed from the benzanilide first produced, and destroyed, or prevented 
from being formed, in the presence of alcohol. A possible substance of this kind was 
benzanilideimidochloride (V), for the production of which from benzanilide and hydrogen 
chloride there is already some evidence (Stephen and Bleloch, J., 1931, 886) : 


Ph-CO-NHPh + HCl == Ph:CCL-NPh (V) + H,O 


A test of the influence of this substance on the rearrangement was therefore carried 
out. In similar solutions and under conditions identical with those previously employed, 
the addition of 0-002 mol. of benzanilideimidochloride (reckoned on the oxime) completely 
abolished the initial slow period. Rearrangement took place throughout at approximately 
the rate of the rapid phase of the previous transformations (Curve III). Larger quantities’ 
of imidochloride caused the change to be too rapid for measurement. In ethereal solution 
at room temperature, when a large excess of hydrogen chloride failed to cause any 
appreciable change in 3 days, the addition of sufficient imidochloride brought about the 
transformation within 30 mins. In the absence of hydrogen chloride, however, the 
presence of traces of imidochloride was not sufficient to cause complete change. Under 
conditions similar to those used in the other quantitative experiments, 0-002 mol. of 
benzanilideimidochloride sufficed to convert only 10% of oxime into anilide, the process 
stopping at this stage (Curve IV). Both reagents, therefore, appear necessary for complete 
and rapid transformation unless considerable amounts of imidochloride are employed. 

When these facts were compared with those obtained in the study of the oxime picryl 
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ethers, a simple explanation became apparent. Condensation of benzanilideimidochloride 
and benzophenoneoxime should yield the oxime ether (VI) and hydrogen chloride : 


Ph,C—NOH + Ph:-C(:NPh)Cl —> Ph,C—N—O—CPh‘NPh (VI) + HCl 


Compound (VI) would not be expected to undergo spontaneous Beckmann transformation 
in the free state, since it is derived from the very feebly acidic benzanilide, but the opposite 
is true of the cation of its salts (VII). The positively charged nitrogen atom in the ether 
group would confer a strong attraction for electrons on the whole radical, which should then 
behave like the picryloxy-group in the oxime picryl ethers and readily undergo rearrange- 
ment to (VIII). The latter compound is of the imido-ether type and may undergo either 


Ph-C-Ph PhC—O—CPh @ PhC:0 
(VI) + HCL == “"N-O-CPh —* PhN HNPh ~~ PhN-CPh 
Sal 
(vir) HNPh (vi) “- HNPh 


od eed 
Cl- @) i| Cl- 


Ph-C-Ph PhO, Cl¢Ph —PhC:0 
N-O-CO:Ph NHPh NPh PhN-CPh + HCI 
(X.) NPh (IX) 


or both of two further reactions. It may, especially in the presence of an excess of hydrogen 
chloride, break down to benzanilide and benzanilideimidochloride (process a), which 
thus becomes available for reaction with further quantities of oxime; or it may undergo 
further rearrangement, analogous to that of N-phenylbenzimidopicryl ether (compare Part 
I, loc. cit., p. 807), yielding benzoyl-s.-diphenylbenzenylamidine (IX) (process 0). 

Provided that the major part of (VIII) be decomposed in the sense of reaction (a), the 
scheme provides an explanation of the catalytic effect of the imidochloride and, through 
the alternative process (b), furnishes a further reason for the presence, already recorded 
by Stephen and Bleloch (loc. cit.), of a small amount of s.-diphenylbenzenylamidine in the 
product obtained when benzophenoneoxime hydrochloride is heated. 

A direct test of these views was, however, sought in the examination of the essential 
intermediate compound (VI). This substance was obtained, together with a small amount 
of the corresponding N-ether, by interaction of the sodium compound of benzophenone- 
oxime with benzanilideimidochloride in ethereal-alcoholic solution, and its constitution 
was confirmed by its oxidation under mild conditions to benzophenoneoxime benzoate (X). 
When heated alone, it decomposed without yielding any benzanilide, but with acid 
reagents it reacted immediately at room temperature precisely as required by the scheme 
of rearrangement. With concentrated aqueous hydrochloric acid it was converted 
quantitatively into benzanilide, and with excess of dry ethereal hydrogen chloride gave a 
mixture of benzanilide and benzanilideimidochloride; whilst in ethereal solution with a 
trace of sulphuric acid, which would not be expected to bring about the rupture of (VIII), 
it yielded the alternative product benzoyl-s.-diphenylbenzenylamidine (IX). It also 
exerted a catalytic effect on the rearrangement of benzophenoneoxime by hydrogen 
chloride, identical with that of an equivalent amount of benzanilideimidochloride. 

The conclusion cannot, therefore, be resisted that the main progress of the Beckmann 
rearrangement of ketoxime hydrochlorides of this type occurs through the intermediate 
steps described, and hence that the transformation proper takes place in a manner identical 
with that of the spontaneous change of the oxime ethers and esters. 

To provide a complete explanation of the rearrangement a further mechanism is 
nevertheless necessary. The one already described will account for the change after the 
first trace of anilide has been formed, but this first trace must be produced by a different 
process which, no doubt, continues side by side with the other throughout the whole 
course of the conversion. As regards the nature of this second process, inspection of 
the time-rearrangement curve (Curve I) shows that its speed is of an altogether lower 
order than that of the change when catalysed by the imidochloride. In the second place, 
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by substituting a different acid catalyst for hydrogen chloride, it has been shown that 
there is no reason to regard the anilideimidochloride as an intermediate product of the 
rearrangement (compare Stephen and Bleloch, Joc. cit., p. 888). _Benzophenoneoxime was 
rearranged by heating in solution with picric acid. The process was very slow, like the 
initial stage of the rearrangement by hydrogen chloride, and the transformation product 
was benzanilide. Had the change occurred through N-phenylbenzimidopicryl ether 
(II; X = picryl), which for picric acid as catalyst corresponds with benzanilideimido- 
chloride, the product would have been benz-N-picrylanilide (III; X = picryl), which is 
stable and could readily have been isolated under the conditions employed. 

Although the course of this slow transformation cannot yet be formulated with certainty, 
there is one mechanism, suggested to the author by Professor G. M. Bennett, which does 
not conflict with any of the known facts. The salt of an oxime should contain both 
ammonium (XI) and oxonium (XII) forms in equilibrium, although the proportion of the 


latter may be exceedingly small. The group OH, in the oxonium salt will have an 
attraction for electrons greater even than, say, that of the picryloxy-group, and the 
oxonium ion will therefore readily undergo the Beckmann change. Any sufficiently 


R-C-OH + HX 


R-C-R R-GR | - “ H » Ri 


H:-N—OH N—O<CH - i 


4 are X~ 
(XI) X- (XII.) R:CO-NHR 


strong acid should thus be capable of bringing about the rearrangement of a ketoxime 
into the corresponding amide, but the transformation may be very slow on account of the 
minute amount of oxonium salt present. This suggestion would account for the rearrange- 
ment of benzophenoneoxime in aqueous acid solution (Lachmann, J. Amer. Chem. Soc., 
1925, 47, 260), and has the advantage of bringing the outstanding apparent exceptions 
into that general scheme of the Beckmann change which includes the spontaneous trans- 
formations of oxime ethers and esters. 

The results of the present study may therefore be summarised as follows. The Beck- 
mann rearrangement of benzophenoneoxime by hydrogen chloride is complex, and two 
distinct processes are operative: (i) A relatively very slow change brought about by the 
acid alone, for which a provisional mechanism is outlined—the anilideimidochloride is not 
an intermediate product in this rearrangement. (ii) A much more rapid change, beginning 
as soon as a trace of benzanilide has been formed by process (i), and taking place through 
a series of recognisable intermediate products : this process accounts for the greater part of 
the transformation. 

The course of the rearrangement in both cases is in agreement with the view, already 
applied to the spontaneous transformation of oxime ethers and esters, that the Beckmann 
change proper is an intramolecular exchange of positions by the hydrocarbon radical and 
the group attached to the nitrogen atom of the oxime derivative. 


EXPERIMENTAL. 


Ethylene dichloride was chosen as the solvent for most of the experiments as being chemically 
inert, a sufficiently good solvent for all the materials concerned, moderately polar, and easily 
evaporated. The commercially pure material was heated under reflux with phosphoric oxide 
to remove water and alcoholic impurities, and redistilled twice. It boiled over a range of 0-1°. 

Rearrangement of Benzophenoneoxime in Ethylene Dichloride Solution.—2 G. of the oxime 
were placed in each of a number of glass tubes, and the appropriate quantities of ethylene di- 
chloride, of solutions of dry hydrogen chloride, and, if necessary, of any other catalyst in the 
same solvent were added so as to give the amounts of reagents required and a total volume of 
25 c.c. of solvent. The tubes were sealed, and heated in a water thermostat. On withdrawal, 
they were chilled in cold water, and the contents transferred to a separating funnel, diluted 
with chloroform, and washed, first with excess of N-sodium carbonate to remove hydrogen 
chloride and then with water, and finally evaporated to dryness on the steam-bath. The 
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residues were powdered, dried first in a steam-oven and then in a vacuum desiccator, and 
analysed as described below. 

If the heating had been sufficiently prolonged, the products obtained on evaporation of 

the ethylene dichloride—-chloroform solutions consisted of almost pure benzanilide. M. p.’s 
up to 160° were obtained for the product of rearrangement with hydrogen chloride alone as 
catalyst, and of 162—164° when a small quantity of benzanilideimidochloride had also been 
added. 
Analysis of the products of rearrangement. 1 G. of the dry powdered product was weighed 
into a beaker and stirred with 20% aqueous sodium hydroxide (20 c.c.), diluted with water 
(25 c.c.), heated with stirring to 90° to dissolve all unchanged oxime, cooled, warmed again 
to 40° to redissolve any oxime sodium compound that had crystallised out, and filtered through 
a weighed glass crucible. The residue of benzanilide was washed with 10% aqueous sodium 
hydroxide and then with water, dried at 110—120°, and weighed. Control experiments showed 
that the method gave results accurate to about 1%. 

The results obtained in the quantitative experiments are given in the following tables, the 
values for Expts. 3, 4, and 5 showing the reproducibility attainable. 


Rearrangement in presence of hydrogen chloride only as catalyst. 


Temp. = 100° unless otherwise stated; ¢ = time of heating (minutes); + = % benzanilide in product. 
2. 3. 4. 5.* 6.t 7.2 8. 9.§ 10.| 


Mols. HCl per mol. of oxime. 
0°75 0°41 0°41 0°42 0°39 0°42 0°16 0°40 
b & = . ° ee th = #. t  #. t. 
10 1 46 5 4 20 2 (0 30) 30 
20 6 90 20 42 6 20 33 90 
40 22 135 60 71 12. 43 51 186 
61 86 197 95 116 36 60 77 271 
80 95 83 96 357 
100 96 





220 150 


* The residues of benzanilide were collected from the crucibles and had m. p. 157—161°. 
+t Hydrogen chloride introduced in the form of oxime hydrochloride. 

t Starting material: 0°6 g. benzanilide, 1-4 g. oxime per tube. 

§ Solvent: 15 c.c. anhydrous EtOH, 10 c.c. ethylene dichloride per tube. 

|| At 80°. 


Rearrangement in presence of hydrogen chloride and a further added catalyst. 
Temp. = 100°; V = benzanilideimidochloride; VI = benzophenoneoxime O-a-phenyliminobenzy] ether. 
Experiment. 11.* 12.f 13. 14. 15. 16. 
Mols. HCl per mol. of 
0°39 0°36 0°36 0°41 0°42 nil 
V. V. Vv. V. VI. Vv. 


Added catalyst, mols. 
per mol. of oxime ... 0°05 0°02 0:002 0°002 0-002 0°002 


& <& &.  # . ; zt. , é. m & = #. 
20 98 20 97 20 15 15 62 8 
40 98 40 98 40 30 30 120 9 
60 45 45 10 
80 60 60 9 

75 75 

90 90 

105 105 

120 121 


* Residue from evaporation of washed solutions before analysis, m. \p. 162—164°. 
Tt ” ” ” ” ” ” ” 160—162°. 


Preparation and Properties of Benzophenoneoxime O-a-Phenyliminobenzyl Ether (V1).—To 
benzophenoneoxime (92 g.), dissolved in dry ether (1 1.), was added a solution of sodium (10 g.) 
in absolute alcohol (600 c.c.) and then one of benzanilideimidochloride (82 g.) in dry ether (500 
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c.c.). Sodium chloride was rapidly precipitated, and the mixture was set aside over-night- 
The ethereal solution was then washed with water to remove sodium salts, alcohol (350 c.c.) 
was added to it to replace some of that washed out (in order to avoid decomposition on evapor- 
ation), and the bulk of the ether distilled off. To the resulting alcoholic solution, a further 
150 c.c. of alcohol were added, and the material was allowed to crystallise. The resulting crude 
product (78 g.) melted at 71—74° to a turbid liquid still containing minute crystals, which 
cleared at about 113°. 

Purification of the material from the higher-melting by-product was finally achieved by 
solution in light petroleum (b. p. 60—80°), which left the impurity almost entirely undissolved, 
crystallisation from this solvent, and recrystallisation from alcohol. Benzophenoneoxime 
O-a-phenyliminobenzyl ether, thus obtained, formed pale yellow crystals, m. p. 72—76°, moder- 
ately soluble in alcohol and light petroleum (Found *: C, 82-8; H, 5-3; N, 7-6. C,.H., ON, 
requires C, 82-9; H, 5-35; N, 7:-45%). When heated at or above 100°, it changed into a 
brown material from which no definite substance has been isolated. 

In the following experiments the identities of all materials produced were confirmed by 
mixed m. p.’s with authentic samples. 

3 G. of (VI), dissolved in glacial acetic acid (20 c.c.), were added to a mixture of finely 
powdered potassium permanganate (9 g.) and glacial acetic acid (25 c.c.); the solution 
turned brown at once and became warm. After standing for 2 hours, the mixture was 
filtered, and the filtrate diluted with water (700 c.c.) and reduced with sulphur dioxide. Benzo- 
phenoneoxime benzoate was left as a copious white precipitate, m. p. 94—98°, and 101—103° 
after crystallisation from alcohol. 

To 1 G. of (VI), concentrated hydrochloric acid (5 c.c.) was added. The solid immediately 
became white, and the mixture became warm. After dilution with an equal bulk of water, 
and short standing, the mixture was made slightly alkaline with sodium hydroxide, and the 
residual benzanilide filtered off, and dried (1 g., m. p. 157—160°). 

To 1G. of (VI), dissolved in dry ether (5 c.c.), was added a solution of dry hydrogen chloride 
in ether (5 c.c., approx. 3-5N). A vigorous reaction took place at once, and a crystalline deposit 
was formed. After short standing, the solution was filtered. The residue (0-45 g.) consisted of 
benzanilide, m. p. 161—162°. The filtrate was poured into excess of a solution of sodium 
phenoxide in alcohol, from which was then isolated N-phenylbenzimidophenyl ether (0-5 g., 
m. p. after recrystallisation 105°), which could only have been produced from benzanilideimido- 
chloride in the original filtrate. 

To 1 G. of (VI) in dry ether was added sulphuric acid (0-01 g.) in ethereal solution. A trace 
of salt was deposited, the solution turned deeper yellow, the ether began to boil, and a copious 
deposit of crystals was formed. When obvious reaction was over, the mixture was filtered, 
and the residue was found to consist of benzoyl-s.-diphenylbenzenylamidine (m. p. 165—170°, 
and 172—173° after recrystallisation). 

The by-product from the preparation of (VI), which was separated by its insolubility in light 
petroleum, formed 5—10% of the whole crude material. On recrystallisation from alcohol, 
it yielded intensely yellow crystals, m. p. 178—179° (Found *: C, 82-9; H, 5-4; N, 7-6. 
C.,.H ON, requires C, 82-9; H, 5:35; N, 7-45%). Italso yielded benzanilide with concentrated 
hydrochloric acid, and benzanilide and benzanilideimidochloride with ethereal hydrogen 
chloride, but it did not yield any benzoyl-s.-diphenylbenzenylamidine with ethereal sulphuric 
acid. It was accordingly regarded as benzophenoneoxime N-a-phenyliminobenzyl ether. The 
formation of benzanilide and benzanilideimidochloride from it may be explained as a decom- 
position into oxime and anilideimidochloride, followed by the immediate Beckmann change that 
has been found to occur under such conditions. 

Beckmann Rearrangement of Benzophenoneoxime by Benzanilideimidochloride at Room 
Temperature.—To benzophenoneoxime (1 g.), dissolved in dry ether (10 c.c.), was added benz- 
anilideimidochloride (1 g.) in the same solvent (5 c.c.). After some time, flaky crystals began 
slowly to deposit, and after standing over-night they filled the solution. They were collected, 
washed with ether, ‘and identified as benzanilide (0-85 g., m. p. 161—162°). 

To benzophenoneoxime (1 g.) in dry ether (5 c.c.) was added benzanilideimidochloride (1 g. 
in 5 c.c. ether), followed by a concentrated solution of hydrogen chloride in dry ether (5 c.c., 
approx. 6N). An immediate granular precipitate of oxime hydrochloride was produced, but 
this rapidly gave place to shining flakes of benzanilide (0-85 g., m. p. 159—161°), the whole 
process being complete within 30 minutes. 


* Micro-determinations by Dr. A. Schoeller. 
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A similar addition of ethereal hydrogen chloride to benzophenoneoxime (1 g.) in ether 
(10 c.c.) in the absence of benzanilideimidochloride produced a stable precipitate of oxime 
hydrochloride. After the mixture had stood for 3 days, the precipitate was still completely 
soluble in aqueous sodium hydroxide. 

Rearrangement of Dry Benzophenoneoxime Hydrochloride.—The hydrochloride (5 g.), contained 
in an open test-tube, was heated slowly in an oil-bath. Reaction began at about 130°, the 
temperature of the mass rose to over 200° in 15 seconds, and torrents of hydrogen chloride were 
evolved. After cooling, the product melted at 145—156°. It gave pure benzanilice on 
recrystallisation from alcohol, but on extraction with water and dilute hydrochloric acid yielded 
s.-diphenylbenzenylamidine (m. p. 138—142°; 145—146° after recrystallisation) in quantities 
ranging from 2 to 5% of the crude change product. These yields are distinctly lower than 
those recorded by Stephen and Bleloch. On the other hand, when the hydrochloride was 
heated in a sealed tube for 3 hours at 180—200°, a sticky product was obtained, consisting 
mainly of benzanilide, but yielding 20% by weight of the amidine. 

Rearrangement of Benzophenoneoxime by Picric Acid.—Benzophenoneoxime (2 g.), picric 
acid (5 g.), and ethylene dichloride (25 c.c.) were heated in a sealed tube at 100° for 15 hours. 
The solvent was evaporated, and the residue repeatedly extracted with warm dilute aqueous 
sodium carbonate to remove picric acid. The residue (1-7 g.) consisted of unchanged oxime, 
m. p. 138—142°. Repetition of this procedure with nitromethane as solvent (12 hrs.’ heating) 
gave a crude product, m. p. 112—125°, which on separation with aqueous sodium hydroxide 
yielded benzanilide (0-95 g., m. p. after recrystallisation 162—163°) and unchanged oxime 
(0-55 g., m. p. 138—142°). No benz-N-picrylanilide could be detected, and blank experiments” 
showed that this material was quite stable under the conditions employed. The oxime was 
not rearranged by similar heating alone in nitromethane solution. 

Unsuccessful attempts were made to prepare di-(«-phenyliminobenzyl) ether, the base 
corresponding with (VIII), byinteraction of benzanilideimidochloride and dry silver oxide. They 
yielded benzoyl-s.-diphenylbenzenylamidine and a little benzanilide as the only isolable products. 


The author wishes to thank the Chemical Society for a grant. 
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291. Studies in Electro-endosmosis. Part VII. Some Measurements 
with Non-aqueous Liquids and High Voltages. 


By HAro_p P. DAKIN, FRED FAIRBROTHER, and ALFRED E. STUBBS. 


IN accordance with the well-known Helmholtz—Smoluchowski expression (Wied. Ann., 
1879, 7, 337; Krakau Anzeiger, 1903, 182) U = (E&e/4rm).q/l, the amount, U, of liquid 
transported in unit time by electro-endosmosis through a given capillary or porous 
diaphragm should be directly proportional to the E.M.F., E, applied to the ends of the 
capillary or diaphragm, since the viscosity y, the dielectric constant ¢, and (presumably) 
the interfacial potential € remain constant for a given system; q/l is the ratio of the effective 
cross-section to the effective length of the diaphragm. 

Such a linear relation between U and E was shown by Tereschin (Wied. Ann., 1887, 
32, 333) to obtain in the case of water and methyl and ethyl alcohols, in a glass capillary, 
over a range of 177—394 volts/em. Quincke had previously (Pogg. Ann., 1861, 113, 513) 
found a similar connexion between U and E for lower potential gradients, and subsequent 
workers have also confirmed this relation for a similar range of voltage gradients. 

On the other hand, several observers, working with non-aqueous liquids over a wider 
range of voltages, have reported that the relation between the applied E.M.F. and the 
amount of liquid transported is not linear; e.g., Strickler and Matthews’s curves (J. Amer. 
Chem. Soc., 1922, 44, 1647) for this relation in the case of a number of organic liquids and 
a filter-paper diaphragm show a marked deviation from linearity, and Fairbrother and 
Balkin, working with organic liquids and a glass surface (J., 1931, 389), found that, although 
the relation appeared to be linear when the applied voltage was below 200 (corresponding 
to about 400 volts/cm.), yet at higher voltages the velocity of the liquid increased some- 
what more rapidly than the applied voltage. 
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There is to some extent a corresponding uncertainty in the case of the converse 
phenomenon, that of streaming potentials. Ettisch and Zwanzig (Z. physikal. Chem., 
1930, A, 147, 151) found that whereas a 10-5N-solution of sodium chloride, when forced 
through a Jena-glass capillary, gave a value of & which was independent of the velocity, 
yet the addition of methyl alcohol caused the value of & to increase with the applied 
pressure, the effect becoming more marked as the concentration of methyl alcohol was 
increased. These authors also report (¢bid., 1932, A, 160, 385) that — depends upon the 
applied pressure in the case of dilute aqueous solutions alone, over a very small range of 
pressure and rate of flowing. On the other hand, Bull (Kollozd-Z., 1934, 66, 20), who 
repeated the experiments of Ettisch and Zwanzig with 10-°N-sodium chloride to which 
were added increasing amounts of methyl and isopropyl alcohols, found with a Pyrex 
capillary that € was independent of the applied pressure: he attributed Ettisch and 
Zwanzig’s conclusions to an incorrect interpretation of their experimental results. 

We have now examined the electro-endosmosis of several organic liquids through a 
sintered Jena Gerate-glass diaphragm, using applied voltages which correspond to potential 
gradients along the glass surface of about 400 to nearly 6000 volts/cm. It was originally 
intended to carry out experiments with a much wider range of liquids than was actually 
used, but this work has now been discontinued. The experimental results obtained so 
far, however, are sufficient to demonstrate the effects discussed here. 


EXPERIMENTAL. 


The electre-endosmosis apparatus is shown in Fig. 1. This was an improvement on that 
used by Fairbrother and Balkin (/oc. cit.) in that it was wholly constructed of the same kind 
' of glass (Jena Gerate), which permitted ground joints to 

Fic. 1. be eliminated and the hydrodynamic resistance of the 

r tubes associated with the bubble tube to be decreased. 
The diaphragm was approximately 2 cm. in diameter, 

0-5cm. thick, and of a porosity designated as G3 by the 

makers, who also give the average pore diameter as about 

20—30 u. The value of //qg was 4-94, as determined by 

measuring the resistance of the diaphragm when filled 

with N/10-potassium chloride. The bubble tube was of 

2-25 mm. internal diameter and about 7 cm. long: its 
hydrodynamic resistance, together with that of its con- 

necting tubes (measured before assembly of the 
apparatus), was less than 0-5% of that of the diaphragm. 
Platinum-gauze electrodes, similar to those described by 


Fairbrother and Balkin, were used. 

Transformed, rectified, and smoothed 50-cycle altern- 
ating current was used as a source of applied E.M.F. 
The circuit was operated by relays, one of which inserted 
a high-resistance load in the “‘ off”’ position, equal to the 
resistance of the electro-endosmosis apparatus, so that 
the voltmeter reading remained constant when the circuit 


to the latter was closed. 

The liquids used were a number of alcohols and ethers. These were chosen because the 
variation in dipole moment is small, whilst the molecular volumes and viscosities vary over a 
wide range, resulting in widely different rates of electro-endosmosis with a given applied voltage. 
They are also typical of associated and non-associated liquids respectively. The liquids, 
purified and dried by appropriate methods, were distilled from an all-glass apparatus into the 
electro-endosmosis apparatus through the tube T, thus avoiding contact with the taps. As an 
additional precaution the taps on the apparatus were greased only at the ends. The apparatus 
was completely filled with the liquid, and set aside over-night. A small amount of liquid was 
then removed by a fine pipette, and the resulting air bubble manceuvred into the bubble tube 
by inverting the apparatus. 

Before each series of experiments, the diaphragm was cleaned in the following way. The 
apparatus, from which the previous liquid had been drained, was washed out with ethyl alcohol 
or a mixture of this with ethyl ether followed by alcohol alone. Most of the alcohol was then 
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removed by distilled water, and the apparatus filled with concentrated nitric acid, with which 
the remaining alcohol reacted vigorously. The apparatus was then rinsed well with distilled 
water, and evacuated by a mercury-vapour pump. The part of the apparatus below the line 
LL was slowly heated in an electric oven to about 200°, and kept at this temperature for about 
2 hours after the pressure in the apparatus had fallen below 0-001 mm. It was then allowed 
to cool slowly, and air was admitted through a phosphoric oxide tube just before the distillation 
of the liquid into the apparatus. 

In order to measure the higher speeds of electro-endosmosis, a new photographic method of 
recording the speed of the air bubble was developed. This method, shown diagrammatically 
in Fig. 2, permitted an accurate estimate to be made of the speed of the bubble over runs as 
short as 1 sec. or less, thus enabling high speeds to be measured with the passage of little current 
through the diaphragm, and also rendered possible the detection of any variation in speed 
during a run, such as would be unobserved by the usual stop-watch method of timing. In 
this method, the bubble-tube, B, was brightly illuminated by the arc-lamp A, through the 
spherical condenser S and the cylindrical lens C, and an image of the bubble (which was usually 
1—2 cm. long) was projected on to a strip of Ciné-Kodak bromide paper, wound on the periphery 
of a drum D, which was 1 m. in circumference and 10 cm. wide. This drum could be rotated 
uniformly at any desired speed by suitable gearing. Blurring of the image as the drum rotated 
was prevented by a narrow slit, parallel to and near the surface of the paper. On one end of 
this slit was also projected the image of a stylus F fixed to one leg of a valve-maintained tuning 


Fic."2. 
R 
Ww 
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fork, with a frequency of 100 cycles/sec. The time and the movement of the bubble were 
therefore recorded simultaneously. An electro-magnetic shutter, close to the slit, working in 
conjunction with the relay which closed the high-voltage circuit, prevented fogging or premature 
exposure of the paper. The latter relay worked somewhat more slowly (about 0-25 sec.) than 
the shutter, so that the shutter was fully opened when the E.M.F. was applied. A contact 
arm on the drum shaft, moving over a ring of contacts, enabled exposure to be made at any 
position and over any length of the recording paper, and also allowed several exposures to be 
made on one strip. The corresponding positions of the front and the rear meniscus 
were recorded on the photograph by rapidly (about 50 times/sec.) interrupting the light which 
illuminated the bubble, by a revolving bar R, giving rise to a series of instantaneous exposures 
in the form of very narrow shadows across the photograph: in this way a correction could be 
made for a slight inclination of the capillary tube to the axis of the drum. 

Fig. 3 is reproduced from a line tracing of a portion of one of these photographs: A is the 
image of the tuning-fork stylus, BB of the bubble meniscuses, and CC of the edges of two metal 
reference strips, of known distance apart, attached to the metal V supports in which the bubble 
tube was located. 

Experiments in the lower range of speeds, requiring more than about 10 secs. (corresponding 
to a speed of 0-013 c.c. /sec.) were difficult to time by the tuning-fork, on account of the necessary 
slowness of rotation of the drum and the consequent closeness of the time markings. These 
speeds were therefore measured visually with a stop watch (3-seconds dial) : measurements 
by both methods over a common range gave good agreement. 

The photographic records showed, in all cases where the actual start was recorded, that the 
electro-endosmosis started with great suddenness, and thereafter, except in a few unexplained 
cases, maintained a constant velocity during the run. This steady velocity was attained, so 
far as could be. ascertained, in less than 0-002 sec. In some cases, at the higher end of the 
voltage range used, the image of a small, quickly damped, compressional wave could be seen 
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at the start of the track of the front meniscus. When it is remembered that the electro-endos- 
mosis has to overcome the inertia of the liquid in the apparatus before a steady speed can be 
attained, this sudden start is very striking. 
All the experiments were carried out at 20-00°, the apparatus being immersed in a thermostat 
O (Fig. 2), filled with paraffin oil, and surrounded by one, VW, filled with water, each having 
plate-glass windows. 
Fic. 3. Fic. 4. 
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Methyl alcohol : applied 7000 2000 3000 
E.M.F., 2320 volts. E (volts). 


The results are given in the table (where E is in volts, and U in c.c./sec.), and are shown 
graphically in Fig. 4, in which the abscissz are the actual voltages applied across the diaphragm. 
The velocities given as ordinates have been corrected for the ‘‘ wetting effect ” of the bubble 
in the capillary tube (Fairbrother and Stubbs, this vol., p. 527); the greatest value of this 


Methyl alcohol. n-Propyl alcohol. isoPropyl alcohol. isoAmyl alcohol. 
E. U. 105U/E. E. U. l108U/E. E. U. l05U/E. E. U. 105U/E. 
106 00101 95 231 0-00266 222 000249 1°12 504 000112 0:22 
222 00217 424 0-00577 1 420 000494 1:18 1020 0-00224 0-22 
3430-0322 631 0-00909 1: 623 000768 1:23 1530 0°00334 0°22 
419 0°0376 840 0-0130 . 833 00104 1:25 2050 0°00453 0-22 
527 0°0455 1100 0-0181 . 984 00127 1:29 2560 0-00572 
651 0°0587 1460 0-0272 , 1400 0°0189 1:35 3050 0-00685 
803 0°0734 1810 0-0362 . 1750 0°0263 1:50 
949 0-0815 2250 0°0489 . 2180. 00334 1°53 Ethyl ether. 
11700-0991 2650 0°0623 : 2590 00419 1°62 214 000131 0- 
1560 0°1223 428 0-00305 
1970 0°1560 n-Butyl alcohol. isoButyl alcohol. 817 0°00631 
2320 = 0°2185 231 0:00199 0 222 0:00097 0-44 1620 0°0137 
423 0:00399 0: 426 0:00192 0-45 2030 00192 
Phenyl methyl] ether. 625 0°00648 . 618 0:00299 0:48 2430 0°0247 
813 000096 0°12 837 0:00932 1: 809 000407 0:50 2800 0°0285 
1250 000163 0-13 1030 00122 . 1020 0:00529 0°52 
1560 000219 0-14 1440 0-0178 : 1450 0:00765 0°53 Phenyl ethyl ether. 
2010 0:00310 0-15 1750 00221 : 1760 0°00982 0°56 1480 000115 0°78 
2460 0:00425 0-17 2190 0-0309 : 2150 00126 0°59 1990 000155 0°78 
2960 0°00557 019 2660 0:0426 . 2560 0°0155 061 2510 000202 0°80 
2970 0:00264 0°89 
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correction in the present work was about 4%. In computing these velocities, the average 
(corrected) velocity in a pair of runs, backwards and forwards, has been taken : these individual 
runs generally agreed to within about 1—5%. 

All the liquids examined were found to be positively charged relative to the glass, although 
this is contrary to Fairbrother and Balkin’s results (/oc. cit.) for ethyl ether. 

It was concluded, from an extrapolation of the curves to the origin, that the divergence of 
the U-E relation from linearity is small if the applied voltage is small. With many liquids, 
over a range of a few hundred volts per cm., this divergence may be no greater than the average 
experimental error. The results for methyl alcohol, which are somewhat irregular, fall about 
a straight line over the whole range examined. Since many of the present measurements 
were made over definitely non-linear portions of the curves, no calculations of the interfacial 
potential are given. 

A review of published and some of our own unpublished work on the electro-endosmosis 
of organic liquids against a glass surface leads us to conclude that ‘‘ absolute ” results are very 
difficult to obtain. Different observers, using different diaphragms of the same kind of glass, 
and a given organic liquid carefully purified in each case, have obtained results which, though 
self-consistent and very reproducible after cleaning of the diaphragm and re-filling with the 
same sample of organic liquid, yet have differed among themselves by as much as or even 
more than 40 or 50%. To some extent this divergence may be due to individual diaphragms, 
for even with diaphragms of the same value of //g, the actual potential gradient with a given 
voltage may vary greatly and may be different at different parts of the diaphragm. The major 
cause of the variations, however, probably lies in the extreme difficulty of removing every 
trace of capillary active material from an organic liquid. The regularities discussed by Fair- 
brother and Balkin (/oc. cit.) may therefore be fortuitous, though the present results with the 
alcohols show the same kind of regularity, in a qualitative way : the ethers, however, move less 
rapidly than would be expected on this basis. In the present work we are chiefly concerned 
with the behaviour of a given sample of liquid in a given diaphragm. Most of the experiments 
recorded here relate to measurements made with a single filling of the electro-endosmosis 
apparatus with the liquid in question. In the case of isopropyl alcohol, however, two separate 
fillings and series of experiments were made at an interval of about 2 weeks, during which the 
apparatus was cleaned and dried in the manner described above: the results of the two series 
were indistinguishable. 

The cause of the increase of the U/E ratio at high voltages is most probably to be found 
in a deformation of the double layer in these circumstances. It may be recalled that the 
conductivity of aqueous electrolytes has been shown to be greater at high voltages (Wien, 
Ann. Physik, 1927, 88, 327; 1928, 85, 795; Physikal. Z., 1928, 29, 751; Gyemant, ibid., 
p. 289). This effect has been attributed to the deformation of the ionic envelopes. If we postulate 
the existence of a diffuse double layer in the case of an organic liquid—glass system (deferring 
a discussion of the mechanism whereby this is produced in a poor conductor), then we may 
visualise a similar cause of the increased electro-endosmosis at high voltages. The extremely 
short time necessary for the development of a uniform movement in a capillary of some 20— 
30 u diameter also suggests that the double layer is of more than unimolecular thickness. 


SUMMARY. 

1. Measurements have been made of the electro-endosmosis of a number of organic 
alcohols and ethers through a diaphragm of sintered Jena Gerate glass powder, applied 
voltages up to nearly 6000 volts per cm. being used. 

2. At low voltages, the relation between the voltage applied to the diaphragm and the 
velocity of flow of the liquid is linear, or nearly so, but departs to an increasing degree at 
high voltages. 

3. A continuous photographic method of recording the rate of electro-endosmosis is 
described, which permits observations to be made of high speeds over a short time and of 
any change of speed during a run. 

4. The electro-endosmotic flow attains a constant speed within a very small fraction 
of a second after the application of the E.M.F. 

We acknowledge with thanks assistance from grants made by Messrs. Imperial Chemical 
Industries Ltd., and from the Research Fund of the Chemical Society. 
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292. The Rearrangement of o-Hydroxysulphones. Part V. 
By FREDERICK GALBRAITH and SAMUEL SMILES. 


PREVIOUS experiments suggested that a positive character of the carbon atom c in B (I) 
is one of the more important conditions determining the rearrangement of this type of 
sulphone (I —-> II), and it has been shown that, if the hydroxyl group is attached to an 
aromatic nucleus, rearrangement succeeds when B is o- or #-nitrophenyl, 2-hydroxy-1- 
naphthyl, or -methanesulphonylphenyl. The study of this condition has now been 
continued. In one series of experiments the behaviour of sulphones in which the positive 
character of c is established by the presence of carbonyl groups in B has been examined. 
Oxidation of the sulphides obtained from the reaction of anthraquinone-l-bromothiol 
with #-cresol, 2-naphthol or its 6-bromo-derivative yielded the sulphones (III) and (V). 
In presence of alkali, these undergo rearrangement, but the process is not so easily accom- 
plished as with the o- or p-nitrophenylsulphones [e.g., (III), where C,4H,O, is CgH,*NO,], 
and in accordance with previous observations (Kent and Smiles, J., 1934, 422) the 
rearrangement of (III) requires more intense conditions than that of (V). The sulphinic 
acid (VI) was characterised by conversion into a disulphide, and its structure was further 
determined by hydrolysis of the corresponding sulphonic acid, yielding 2-naphthyl-1- 


SO. fre 2°C44H,0, 
NO = KD OG 
Sk 


> on 
(I.) ar. ) (III.) 

anthraquinonyl oxide, identical with synthetic material. The ease with which the sulphone 
(V) suffered rearrangement led to the examination of the sulphone (VII); this was quickly 
converted by warm N-aqueous alkali hydroxide into the sulphinic acid (VI), which was 
characterised by its methylsulphone and conversion into the disulphide. Moreover, the 
sulphoxide corresponding to (VII) under similar conditions yielded a mixture of the sulphinic 
acid (VIII) and the related disulphide, the behaviour — similar to that observed with the 
2-nitrophenyl derivative (Kent and Smiles, Joc. cit.) 


SO,H 
CH , 
3 SO,°C,4H,0, SO,H 
NOC, 4H;02 
\oH CygH,0, 


(IV.) (V.) (VI.) 

The behaviour of these sulphones thus accords with the explanation previously given 
to this type of rearrangement, and also with the character of a-substituents in the anthra- 
quinone nucleus. In this connection it is noteworthy that attempts to effect, under usual 
conditions, the rearrangement of (IX) or the corresponding sulphoxide failed, apparently 
owing to the weak influence of the carboxylic ion on the o-carbon atom (compare Hurtley, 
J., 1929, 1870). The same reason may be given to account for the stability of the 2-amino- 
sulphone (X) in presence of warm aqueous alkali hydroxide (compare Evans and Smiles, 


this vol., p. 181). 
CO,H CO,H 


sO 
SO2°C, 4H,0, SO, H : 
CH CH,SO,H tty 
¢H,-OH CHy:0-C,,H,0, 2 


(VII.) (VIII.) (IX.) aa ‘ 


With the object of gaining further information concerning the influence exerted by the 
presence of this type of substituent in the nucleus B (I), further experiments were made 
by the colorimetric method developed by Kent and Smiles (loc. cit.) in examining the 
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influence of changing character of the o-hydroxyl. All the sulphones examined are deriv- 
atives of p-cresol [compare (IV)], and were obtained from this by known methods; their 
behaviour is summarised in the table, the position of the substituents in B with respect to 
c being indicated in the column headed B. The rearrangement of the sulphones I, 5, 6, 
and 8 has already been qualitatively studied, and the products arising therefrom examined 
(J., 1931, 3264; 1932, 1488; 1934, 422); that of the sulphones 2, 3, 4, and 7 is now described 
for the first time. In cases 2, 3, and 4, the diphenyl ether 2-sulphinic acids [compare 
(IV)] have been characterised in the usual way and the sulphinic group has been elimin- 
ated by treatment with mercuric chloride (this vol., p. 181), the resulting derivatives of 
diphenyl ether being identified by comparison with synthetic materials. The chemistry 
of the derivatives encountered presented no unusual features, but it is noteworthy that the 
sulphide corresponding to No. 7 was converted by hot acetic anhydride into the Jactone (XI). 

The data quoted in the table represent the approximate times (in minutes) required 
for completing the rearrangement of equivalent amounts of the various sulphones; they 
were obtained in methyl-alcoholic or aqueous solutions at the stated temperatures, the 
molecular concentrations of the reagents and their relative molecular proportions being the 
same as those previously adopted (J., 1934, 422). 


1:25 Mols. MeONa in 1:25 Mols. NaOH in 
MeOH. water. 
k 0°. 50°. 50°. 100°. 
2 : 4-Dinitro- 6—8 very rapid — —_— 
2-Nitro-4-benzoyl- 40 <0°5 — — 
4-Nitro-2-benzoyl- 12 _— _— 
2-Nitro-4-carboxy- (Na salt) 50 70 2 
4-Chloro-2-nitro- 70 (125) 3 
255 (270) 310 (315) 7 (7) 
4-Nitro-2-carboxy- (Na salt) 450 550 15 


QO 2 > OT 9 Bo 


very slow very slow 70 


The figures given in parentheses are those obtained formerly. In spite of the errors 
inherent in the method, the behaviour of these sulphones is sufficiently divergent to justify 
their arrangement in order of activity. Consideration of the general character of the 
rearrangement (J., 1934, 422) led to the conclusion that this should be favoured by an 
increase in the positive character of the carbon atom in B from which sulphony] is displaced ; 
comparison of the activities of sulphones 1, 5, 6, and 8 fully confirms this conclusion. 
This relationship being assumed to be established, the behaviour of the other sulphones 
may be used as a source of information concerning the carboxylic ion and the benzoyl group. 
Comparison of 6 with 2 and 4, and of 8 with 3 and 7, clearly shows the positive effect exerted 
by both these substituents at the o- and p-carbon atoms; moreover, the positive character 
of the benzoyl group is evidently stronger than that of the carboxylic ion and weaker than 


that of the nitro-group. 
NO, 


S 
CHy my CH, CO,H cH 
4 O, A . 
0 0’ Xo, OH 


(XI.) (XII) (XIIL.) 


In conclusion, attention is directed to the behaviour of the carboxy-disulphides 
encountered during these experiments. These substances were obtained by reduction of 
the sulphinic acids produced by rearrangement of the sulphones 4 and 7; they are rapidly 
converted by aqueous alkali hydroxide into the sulphides (e.g., XIII) from which the 
sulphones were prepared. The process evidently consists of a preliminary hydrolysis of 
the disulphide system similar to that observed (J., 1921, 1792) in the case of m-dithiobenzoic 
acid, followed by rearrangement of the thiol then formed (XII —> XIII). Further 
ilustration of the o-thiol-oxide type of rearrangement (J., 1932, 1040) is thus afforded. 


EXPERIMENTAL. 


1-Anthraquinonyl 4-hydroxy-m-tolyl sulphide was obtained by heating (150°, 5—6 hrs.) 
anthraquinone-1-bromothiol with excess of p-cresol in chlorobenzene until liberation of hydrogen 
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bromide had ceased. The residue, after removal of p-cresol and chlorobenzene, was boiled with 
excess of dilute aqueous sodium hydroxide; the desired sulphide was liberated from the alkaline 
solution, and after purification from acetic acid and benzene, formed yellow needles, m. p. 228° 
(Found: C, 72-9; H, 4:0. C,,H,,0,S requires C, 72-8; H, 4:0%). This sulphide (5 g.) was 
converted into 1’-anthrvaquinonyl-4-hydroxy-m-tolylsulphone (III) by oxidation with hydrogen 
peroxide (10 c.c., 30%) in acetic acid (50 c.c.) at 100°; from acetic acid this formed needles, 
m. p. 220° (Found: C, 67-0; H, 3-7; S, 8-5. C,,H,,0,;S requires C, 66-7; H, 3-7; S, 8-5%). 
The sulphone was recovered unchanged after it had been boiled for 5 hrs. in 2N-aqueous alkali 
solution; its methyl ether, obtained by reaction with methyl iodide in alkaline solution, had 
m. p. 225°. 

1-Anthraquinonyl 3-sulphino-p-tolyl ether (IV) was formed when the sulphone was heated 
(130°, 3 hrs.) with aqueous sodium hydroxide (2N, 2 mols.). After being liberated from the 
alkaline solution and purified by solution in aqueous sodium carbonate, it formed needles, m. p. 
174°, from aqueous alcohol (Found: C, 66-5; H, 4-0. C,,H,,0,S requires C, 66-7; H, 3-7%). 

1-Anthraquinonyl 2-acetoxy-1-naphthyl sulphide (compare V) was obtained from the hydroxy- 
sulphide described by Fries (Ber., 1912, 45, 2967). It formed yellow needles, m. p. 208°, from 
acetic acid (Found: C, 73-5; H, 4:2. C,.H,,0,S requires C, 73-6; H, 3-8%). Oxidation 
(4 hrs., 100°) of this (15 g.) with hydrogen peroxide (20 c.c., 30%) in acetic acid (100 c.c.) yielded 
the sulphone, which separated from the cooled mixture. 1’-Anithraquinonyl-2-acetoxy-1- 
naphthylsulphone formed pale yellow needles, m. p. 264—265°, from acetic acid (Found: C, 
68-4; H, 3-4; S, 7-0. C.gH,,0,S requires C, 68-4; H, 3-5; S, 70%). Hydrolysis of this with 
hot alcoholic sulphuric acid yielded 1’-anthraquinonyl-2-hydroxy-1-naphthylsulphone (V), inter- 
laced needles, m. p. 210°, from acetic acid (Found: C, 69-7; H, 3-4. C,,H,,0,S requires 
C, 69-6; H, 3-4%). 

1-A nthraquinonyl 1-sulphino-2-naphthyl ether (V1) was formed when a solution of the sulphone 
(V) in 2N-aqueous sodium hydroxide was boiled (30 mins.). From benzene and light petroleum 
it formed pale yellow needles, m. p. 160° (decomp.) (Found : C, 69-8; H, 3-5; S, 7-4. C,H,,0,S 
requires C, 69-6; H, 3-4; S, 7-4%). 

2-a-A nthraquinonyloxy-l-naphthyl disulphide, obtained from the sulphinic acid by the 
usual method, formed yellow plates, m. p. 238°, from acetic acid (Found: C, 75-4; H, 3-4; 
S, 8-2. C,ygH,,0,S, requires C, 75-6; H, 3-4; S, 8-4%). 

1-Anthraquinonyl 2-Naphthyl Ether, CyjH,"O-C,,H,O,.—The sodium sulphinate (as VI) was 
oxidised in aqueous solution with the theoretical quantity of permanganate; after removal of 
oxides of manganese and the solvent, the residue was warmed (100°, 30 mins.) with sulphuric 
acid (20%). The ether separated from the mixture, and after purification had m. p. 170°; it was 
identical with a synthetic specimen (m. p. 170°) prepared from the reaction of 1-chloroanthra- 
quinone with potassium 2-naphthoxide at 150° (2 hrs.) (Found: C, 82-5; H, 4-2. Calc.: 
C, 82-3; H, 4.0%). Laube (Ber., 1906, 39, 2246) gives m. p. 180°. 

1-Anthvaquinonyl 6-bromo-2-hydroxy-1-naphthyl sulphide, prepared by the interaction of 
6-bromo-2-naphthol and anthraquinone-1-bromothiol at 110° (4 hrs.), formed yellow needles, 
m. p. 280—281°, from acetic acid (Found: C, 62-7; H, 3-1. C,,H,,0,BrS requires C, 62-5; 
H, 2-8%); its acetyl derivative, m. p. 240° (Found: C, 62-1; H, 3-1; Br, 15-7. C,,H,,0,BrS 
requires C, 62-0; H, 2-9; Br, 15-9%), was oxidised (5 g.) with hydrogen peroxide (20 c.c., 30%) 
in acetic acid (100° c.c., 4 hrs., 100°), and on dilution of the mixture, 1’-anthraquinonyl-6-bromo- 
2-acetoxy-1-naphthylsulphone (compare V) was obtained; pale yellow needles from acetic acid, 
m. p. 223° (Found: C, 58-0; H, 2-7; Br, 15-0; S, 6-0. C,,H,,O,BrS requires C, 58-3; H, 2-8; 
Br, 15-0; S, 60%). 

1-A nthraquinonyl 1-Sulphino-6-bromo-2-naphthyl Ether (compare VI).—The acetoxy-sulphone 
was hydrolysed in the usual manner with alcoholic sulphuric acid, and a solution of the resulting 
hydroxy-sulphone in 2N-alkali was boiled (30 mins.). The sulphinic acid, liberated from the 
resulting solution as usual, was purified from benzene; m. p. 170° (decomp.) (Found: C, 58-1; 
H, 2-6. C,,H,,0;BrS requires C, 58-4; H, 2-6%). 

2-a-A nthraquinonyloxy-6-bromo-l-naphthyl disulphide, prepared by reducing the sulphinic 
acid, formed yellow needles from acetic acid, m. p. 283—284° (Found: C, 62-4; H, 2-8. 
C,,H,,O,Br,S, requires C, 62-6; H, 2-6%). 

1-A nthraquinonyl-B-acetoxyethylsulphone (compare VII) was prepared by warming (100°, 
1-5 hrs.) a solution of the corresponding sulphide (Gattermann, Amnalen, 1912, 393, 113) in 
acetic acid (1 g. in 5 c.c.) containing hydrogen peroxide (1-1 c.c., 30%). It separated from the 
cold diluted mixture, and was purified from acetic acid; m. p. 162—163° (Found: C, 60-4; 
H, 3-8. C,,H,,O,S requires C, 60-3; H, 3-9%). Hydrolysis in acid media yielded 1-anthra- 
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quinonyl-B-hydroxyethylsulphone (VII), which, purified from alcohol, had m. p. 198° (Found : 
C, 60-4; H, 3-8. C,.H,,0,S requires C, 60-7; H, 3-8%). 

1-Anthraquinonyl 8-Acetoxyethyl Sulphoxide——A solution of the sulphide (2 g.) in acetic 
acid (20 c.c.) containing hydrogen peroxide (1 c.c., 30%) was warmed (100°, 1 hr.), and water 
was added to the cooled liquid to produce turbidity; the required product separated slowly 
and was purified from alcohol; m. p. 168° (Found: C, 63-1; H, 4:2; S, 9-2. C,,H,,0,S 
requires C, 63-1; H, 4-1; S, 9-3%). 

1-Anthraquinonyl B-hydroxyethyl sulphoxide was obtained from the acetyl derivative and 
purified from xylene; m. p. 220° (Found: C, 64-0; H, 4:0. C,,H,,0,S requires C, 64-0; 
H, 40%). 

Methyl-B-1-anthraquinonyloxyethylsulphone (compare VIII).—Rearrangement of the sul- 
phone (VII) was effected by suspending it or the acetyl derivative in boiling alcohol containing 
N-sodium hydroxide. Methyl iodide was added to the red solution of the sulphinate (VIII) 
thus obtained; the colour faded whilst the desired sulphone separated (60% yield); this formed 
plates from alcohol and had m. p. 145—146° (Found: C, 62-1; H, 4:4; S, 9-7. C,,H,,0;S 
requires C, 61-8; H, 4:2; S, 9-7%). 

Di-(8-1-anthraquinonyloxyethyl) Disulphide (compare VIII).—Rearrangement of the sulph- 
oxide took place rapidly when a solution of the substance in alcohol containing sodium hydroxide 
was boiled. A solution of the sulphinate (VII) was formed, and the disulphide separated; this 
formed needles, m. p. 223°, from benzene (Found: C, 67-7; H, 3-9; S, 11-0. C3,H,,0,5, 
requires C, 67-7; H, 3-8; S, 11-3%). Methylation of the solution of the sulphinate formed 
during this rearrangement yielded the methyl-sulphone described above. The disulphide was 
also obtained by reducing the sulphinic acid provided by rearrangement of the sulphone (VII). 

2-Carboxyphenyl B-hydroxyethyl sulphide.—An aqueous solution of potassium 2-thiolbenzoate 
and ethylene chlorohydrin was heated (100°, 1 hr.). The required sulphide, liberated from the 
solution and purified from water, had m. p. 127° (Found: C, 54-3; H, 5-0. C,H, O,S requires 
C, 54-5; H, 50%). The sulphoxide separated from the reacting mixture when an aqueous 
solution (20 c.c.) of the sulphide (2 g.) containing hydrogen peroxide (5 c.c.) was warmed (90°, 
2hrs.). Purified from water, it had m. p. 179° (Found: C, 50-1; H, 4-7; S, 14-8. C,H ,,0,S 
requires C, 50-4; H, 4-7; S, 149%). 

2-Carboxyphenyl-B-hydroxyethylsulphone (IX) was obtained by further oxidation of the 
sulphoxide with hydrogen peroxide in aqueous solution. It was isolated by addition of brine 
to the mixture, and formed needles from water, m. p. 195° (Found: C, 47:2; H, 4-4. C,H, 0,S 
requires C, 46-9; H, 4-3%). This substance and the corresponding sulphoxide were recovered 
unchanged after being heated (100°, 2 hrs.) with N-aqueous sodium hydroxide. 

2-A cetamido-2’-carboxydiphenylsulphone (as X).—The acetyl derivative of the corresponding 
sulphide (Mayer, Ber., 1909, 42, 3046) was oxidised in acetic acid as usual with hydrogen peroxide. 
It formed needles from this solvent, m. p. 282° (Found: C, 56-3; H, 4-2; N, 4-5. C,;H,,0;NS 
requires C, 56-4; H, 4-1; N, 4.4%). Neither this substance nor the amine suffered rearrange- 
ment when their solutions in excess of 2N-aqueous sodium hydroxide were heated (100°, 3 hrs.). 

Derivatives of Phenyl 4-Hydvoxy-m-tolyl Sulphide and Sulphone.—The potassium salt of 
4-hydroxy-m-tolylthiol (1 mol.) was liberated in alcoholic solution by hydrolysis of the carbonate 
(Zincke and Arnold, Ber., 1917, 50, 116) with the requisite amount of alkali. The appropriate 
halogen derivative (1 mol.) in alcoholic or aqueous solution was then added to the mixture, which 
was boiled until reaction was complete (1—2 hrs.); the required sulphide was finally liberated 
from the solution by 2N-hydrochloric acid at 0°. The sulphones were obtained from the 
sulphides by oxidation with excess of hydrogen peroxide (30%) in acetic acid (90—100°), the 
process usually requiring 1—2 hours for completion. In some cases (e.g., sulphone No. 7) 
the sulphoxide separated during the oxidation, but it dissolved as conversion into the sulphone 
proceeded. 

4-Carboxy-2-nitrophenyl 4-Hydroxy-m-tolyl Sulphide (No. 4).—The 4-bromo-3-nitrobenzoic 
acid used in the preparation of this sulphide was obtained by nitration of p-bromobenzoic acid 
with cold stirred nitric acid (d 1-5); it had m. p. 199° (Hiibner, Ber., 1875, 8, 558). The sulphide 
formed yellow needles from acetic acid, m. p. 215° (Found: C, 54-8; H, 3-7. C,4H,,0O;NS 
requires C, 55-1; H, 3-6%). The acetyl derivative had m. p. 163° (Found: N, 4-1. C,,H,;0,NS 
requires N, 40%). 

4’-Carboxy-2’-nitrophenyl-4-hydroxy-m-tolylsulphone (No. 4), needles from acetic acid, m. p. 
265—266° (Found: C, 49-7; H, 3-4; N, 4:1; S, 91. C,,H,,O,NS requires C, 49-8; H, 3-2; 
N, 4-1; S, 9-5%). 

2-Carboxy-4-nitrophenyl 4-Hydroxy-m-tolyl Sulphide.—Nitration of o-bromobenzoic acid as 

4M 
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above yielded 2-bromo-5-nitrobenzoic acid, m. p. 180° (Hiibner, loc. cit.). The sulphide, bright 
yellow needles from acetic acid, had m. p. 237° (Found: C, 55-1; H, 3-9; N, 4:7; S, 10-1. 
C,,4H,,0,NS requires C, 55-1; H, 3-6; N, 4:6; S, 10-5%). The acetyl derivative, m. p. 230— 
231°, was obtained with acetic anhydride and pyridine. Hot acetic anhydride (1-5 hrs., 100°) 
gave the Jactone (XI), m. p. 178° (Found: C, 58-6; H, 3-1; N, 5-1. C,,H,O,NS requires 
C, 58-5; H, 3-1; N, 4:9%). 

2’-Carboxy-4'-nitrophenyl-4-hydroxy-m-tolylsulphone (No. 7), needles from acetic acid, m. p. 
245° (Found: C, 50-0; H, 3-3; N, 4:1. C,,H,,O,NS requires C, 49-8; H, 3-2; N, 41%). 

4-Benzoyl-2-nitrophenyl 4-Hydroxy-m-tolyl Sulphide——The 4-bromo-3-nitrobenzophenone 
required was obtained by the method of Schopff (Ber., 1891, 24, 3771). The sulphide had m. p. 
165° (Found: C, 65-4; H, 4:2. Cy9H,,O,NS requires C, 65-7; H, 4:1%). 

4’-Benzoyl-2’-nitrophenyl-4-hydroxy-m-tolylsulphone (No. 2), needles from acetic acid, m. p. 
154° (Found: C, 60-4; H, 3-9; N, 3-5; S, 80. C,,.H,,O,NS requires C, 60-4; H, 3-8; 
N, 3-5; S, 8-0%). 

2-Benzoyl-4-nitrophenyl 4-Hydroxy-m-tolyl Sulphide.—2-Bromo-5-nitrobenzophenone, prepared 
from 2-bromo-5-nitrobenzoic acid by the method used by Schopff for the 4-bromo-3-nitro-deriv- 
ative, had m. p. 122° (Found: C, 50-9; H, 2-8. C,,;H,O,;NBr requires C, 50-9; H, 2-6%). 
The related sulphide formed yellow needles, m. p. 139° (Found: C, 66-0; H, 4:4; N, 3-8. 
C,9H,,0,NS requires C, 65-7; H, 4:1; N, 38%). 

2’-Benzoyl-4’-nitrophenyl-4-hydroxy-m-tolylsulphone (No. 3) had m. p. 209° (Found: C, 60-1; 
H, 4:0; N, 3-5. CypH,,0,NS requires C, 60-4; H, 3-8; N, 3-5%). 4-Nitrophenyl 4-hydroxy- 
m-tolyl sulphide was more readily (compare J., 1932, 1491) obtained in a pure state by the 
present method. The sulphone (No. 8) (m. p. 158°) previously described (loc. cit.) contained 
a small amount of sulphoxide; in the pure condition it had m. p. 162°. 

Sulphinic Acids and Disulphides derived from Diphenyl Ether.—The sulphinic acids were 
formed by rearrangement of the hydroxysulphones and were isolated and converted into 
disulphides in the usual manner (J., 1934, 426). The sulphinic group was eliminated from the 
acids by successive treatment with mercuric chloride and hydrochloric acid (this vol., p. 181). 

4-Carboxy-2-nitrophenyl 3-Methanesulphonyl-p-tolyl Ether.—The sulphinic acid formed by 
rearrangement of No. 4 was not isolated in a pure state, but was characterised as the methyl- 
sulphone, m. p. 233° (Found: C, 50-9; H, 3-8; N, 3-7. C,,H,,;0,NS requires C, 51-2; H, 3-7; 
N, 3-9%), and as di-(p’-carboxy-o’-nitrophenoxy-m-tolyl) disulphide, m. p. 241° (Found: C, 55-0; 
H, 37. CygHoOi9N,S, requires C, 55:3; H, 33%), which was rapidly converted by warm 
alcoholic sodium hydroxide into the red sodium salt of the hydroxy-sulphide (m. p. 215°). 

4-Carboxy-2-nitrophenyl p-Tolyl Ether.—The usual method of degradation applied to the 
above sulphinic acid yielded the ethyl ester (m. p. 78°) of this ether after treatment of the 
mercury derivative with hydrochloric acid in alcohol. The ether formed pale yellow needles 
from alcohol, m. p. 212°, and was identical with the ether synthesised from ~-cresol and 4-bromo- 
3-nitrobenzoic acid by the usual method (Found: C, 61-5; H, 4:3; N, 5:4. C,,H,,O;NS 
requires C, 61-5; H, 4:0; N, 51%). 

Di-(0’-carboxy-p’-nitrophenoxy-m-tolyl) Disulphide.—The sulphone No. 7 was converted by 
rearrangement as usual into the sulphinic acid; this was characterised by the disulphide, m. p. 
257° (Found: C, §5-0; H, 3-4; N, 4:4. C,,H,.O,.N,S requires C, 55-3; H, 3-3; N, 4-6%), 
which was converted by warm alcoholic sodium hydroxide into the sulphide, m. p. 237°, used 
for the preparation of the sulphone concerned. 

4-Nitro-2-benzoylphenyl p-Tolyl Ether.—The sulphone No. 3 gave by rearrangement a 
sulphinic acid which was not isolated in the pure condition but was converted by degradation 
into the ether. This formed plates from alcohol, had m. p. 129°, and was identical with the 
ether prepared from p-cresol and 2-bromo-5-nitrobenzophenone (Found: C, 71-9; H, 4-5. 
Cy9H,,0,N requires C, 72-1; H, 4:5%). 

2-Nitro-4-benzoylphenyl p-tolyl ether, obtained from sulphone No. 2 in a similar manner, was 
identical with the ether (m. p. 100°) synthesised from p-cresol and 4-bromo-5-nitrobenzophenone 
(Found: C, 71-9; H, 4:5. Cy9H,,0,N requires C, 72-1; H, 4-5%). 


We thank the Department of Scientific and Industrial Research for a grant which has enabled 
one of us to take part in these experiments. 
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293. The Action of Zinc Dust and Alcohol on the Hydrochlorides 
of Gutta-percha and Balata. 


By THoMAS HARDIE and JOHN A. MAIR. 


In 1921 Harries and Evers (Wiss. Verdffent. Siemens-Konz., 1, Heft 2, p. 87; Chem. Zentr., 
1921,3,1358; Chem. Abs., 1922, 16, 3232) described a partial hydrogenation of caoutchouc by 
the action of zinc dust on an ethylene dichloride solution of the hydrochloride containing 
free hydrogen chloride. The product, a white solid of the formula (C,9H,,)4, and still 
unsaturated, was named «-hydrocaoutchouc. Staudinger and Widmer (Helv. Chim. Acta, 
1926, 9, 529), on repeating this work, found that, instead of a reduction, inner condensation 
or ring formation took place. With zinc dust alone, the product was a white substance 
about half as unsaturated as caoutchouc but still having the same empirical formula 
(C;Hg)-; this was named monocyclocaoutchouc. With zinc dust and hydrochloric acid 
the product was similar in appearance and in composition, but had only one double bond 
to every 3 or 4 isoprene groups; it was termed polycyclocaoutchouc. The same results 
were obtained with caoutchouc hydrobromide in place of the hydrochloride, whereas metals 
other than zinc, ¢.g., iron and tin, gave similar but impure products, and aluminium- 
bronze and magnesium yielded products still rich in chlorine. 

Staudinger and Widmer therefore examined the action of zinc dust and hydrochloric 
acid on mono- and di-chloro-paraffins and terpenes in which the chlorine was attached to 
the same carbon atom as a methyl group—corresponding to the probable structure of 
caoutchouc hydrochloride—and found that the chlorine was always split off as hydrogen 
chloride; ¢.g., 2 : 6-dichloro-2 : 6-dimethylheptane (I) with zinc dust and hydrochloric 


Me 


meidrecuyensenseene ae eg ree 
(I.) (II.) (IIT.) 
acid gave a- and §-cyclogeraniolene, (II) and (III). From analogy with these results, 
the following structures for monocyclocaoutchouc, etc., were proposed : 


ys 
; CH HCH CH HCH CH CHC SCH CHC, 
Cl Cl ] l 


Caoutchouc ae 


2 -egaedaes ‘CH,’ aa -CH,” lx -CH,° an he CH, ... 


a-Monocyclocaoutchouc. 
Me CH Me CH 
Cie al es 
. CHC “CH, CH,*CH,°C’CH,°CH,’CH,°C’CH,CH,’CH,'C-CH,’CH, . . . 
B-Monocyclocaoutchouc, 
These formule correspond with the possible formation of monocyclocaoutchouc, but the 
mechanism of the further cyclisation to polycyclocaoutchouc is not known. 
Monocyclocaoutchouc is soluble in benzene and light petroleum, insoluble in alcohol, 
acetone, and ether; polycyclocaoutchouc is soluble in benzene and chloroform, partly 
soluble in ether, and insoluble in acetone and alcohol. The substances can be hydrogenated 
at high temperatures and pressures; and ozone and potassium permanganate give oxides 
(C;H,O),, in which the newly formed cycles have apparently been broken. cycloCaoutchouc 


(d 0-992) is denser than caoutchouc (d 0-920), thus supporting the assumption of cyclisation, 
and its heat of combustion is lower, showing that the cyclisation is exothermic. 
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Staudinger and Geiger (Helv. Chim. Acta, 1926, 9, 549) also found that when caoutchouc 
was heated in a vacuum, cyclisation began at about 200° and was rapid above 270°. The 
product was a polycyclocaoutchouc having only one double bond to every five isoprene 
groups; it was a pale brown powder of empirical formula (C;H,),, M ca. 2200, and d 0-992. 
Polycyclogutta-percha was obtained by the same method (Geiger, Annalen, 1929, 468, 
47) as a white powder soluble in ether, but otherwise having similar solubilities to poly- 
cyclocaoutchouc; and a like product was obtained by the action of zinc dust and hydro- 
chloric acid on gutta-percha hydrochloride. cyclo-Caoutchouc and -gutta-percha have 
also been prepared (Staudinger and Bondy, ibid., p. 1) by heating solutions of the ordinary 
substances to high temperatures. 

Caoutchouc has also been cyclised by heating it at 90° in hydrogen at 60 atm. in presence 
of platinum-black (Pummerer, Nielsen, and Gundel, Ber., 1927, 60, 2167), by simple heating 
in sealed tubes (Fisher and Gray, Ind. Eng. Chem., 1926, 18, 414), by the action of organic 
sulphonyl chlorides and acids (Fisher, 7bid., 1927, 19, 1325), and by the action of sulphuric 
acid on its benzene solutions (Kirchof, Kolloid-Z., 1922, 30, 176). All these procedures 
give products which are less unsaturated than caoutchouc but have the same empirical 
formula. Bruson, Sebrell, and Calvert (Ind. Eng. Chem., 1927, 19, 1033) obtained a com- 
pound, (C5Hg)19,SnCl,, by the action of stannic chloride on benzene solutions of caoutchouc ; 
this is decomposed by alcohol, with regeneration of its constituents, the hydrocarbon being 
precipitated as a white amorphous powder having the same composition as caoutchouc but 
being more saturated and having no elastic properties. 

The present paper records attempts to reduce the hydrochlorides of gutta-percha and 
balata in ethylene dichloride solution by means of zinc dust and alcohol, since reduction 
products prepared by a method other than catalytic hydrogenation should be of some 
interest. The milder reducing agents were expected to avoid the cyclisation caused by zinc 
dust and hydrochloric acid and (as shown in preliminary experiments) by zinc dust alone. 

The reaction proceeds smoothly and the products, isolated by precipitation with alcohol 
and careful desiccation from an ethereal solution, were white friable powders, still of the 
composition (C;H,),, but totally unlike the parent hydrocarbons in appearance; the un- 
saturation was approximately half that of the original hydrocarbon, so the products are 
monocyclo-balata and -gutta-percha, analogous to Staudinger’s compound. They are 
soluble in ether, chloroform, carbon tetrachloride, and benzene, slightly soluble in light 
petroleum, and insoluble in alcohol, acetone, and acetic acid; moreover, their increased 
density also indicated cyclisation. 

The cyclised products did not depress the f. p. of benzene, but molecular-weight de- 
terminations in camphor (Rast) gave values of 2000—4000, depending on concentration. 
Although this method is unreliable for this type of substance, the decrease in molecular 
weight caused by the above treatment is in accord with the increased solubility and more 
mobile solutions of the products. 

In each preparation a small proportion (usually 5—10%) of the yield was insoluble in 
ether; this fraction had the same composition (C;H,), and approximately the same un- 
saturation, and is thus also a monocyclo-product. The soluble and the insoluble substances 
may be termed respectively «- and 8-monocyclogutta-percha and -monocyclobalata, but this 
does not necessarily imply that they have the «- and 6-structures suggested by Staudinger. 

The «-monocyclo-compounds did not distil appreciably at 360°/2—3 mm., thus in- 
dicating greater stability than that of the parent substances, but further cyclisation took 

place to give polycyclo-compounds with an unsaturation about 25% of that of the original 
hydrocarbon. The monocyclo-compounds could not be hydrogenated at ordinary temper- 
atures and pressures, but their hydrochlorides and hydrobromides were prepared; these 
were very similar in appearance to the corresponding compounds of gutta-percha and balata, 
and still retained the cyclic structure, as shown by density measurements; the hydro- 
bromides were somewhat unstable. 
EXPERIMENTAL. 


The hydrocarbons were purified by the usual method (J., 1932, 593). The hydrochlorides 
were prepared in 85% yield by saturating a solution of 10 g. of hydrocarbon in 300 c.c. of chloro- 
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form with dry hydrogen chloride, excess of which was removed by a current of air, and running 
the solution (which showed a marked decrease in viscosity) in a thin stream into a large volume 
of acetone with vigorous stirring. The hydrochloride separated in white powdery flakes. 
The zinc dust was washed with very dilute aqueous ammonia, dried, and kept in a desiccator. 

a- and B-Monocyclogutta-percha.—20 G. of gutta-percha hydrochloride were dissolved in 400 
c.c. of ethylene dichloride, 75 c.c. of absolute alcohol added, and then 10 g. of zinc dust. The 
mixture was heated under reflux in an atmosphere of carbon dioxide, with further small addi- 
tions of zinc dust, till a sample showed no trace of chlorine (about 8 days). No evolution of 
hydrogen chloride took place. The mobile, pale yellow solution was filtered from zinc dust and 
zinc chloride, concentrated by distillation under reduced pressure at 40°, and run into a large 
volume of absolute alcohol at 0° with vigorous stirring; the sticky clot which separated was 
redissolved in ether, a small portion remaining insoluble. The ethereal solution on desiccation 
gave 11 g. of a-monocyclogutta-percha as a white friable solid [Found : C, 88-0, 87-9; H, 11-6, 
11-7. (C,H,), requires C, 88-2; H, 11-8%], totally unlike gutta-percha in appearance. The 
ether-insoluble portion, when dried, gave 0-5 g. of the B-isomeride as a faintly yellow amorphous 
powder (Found : C, 87-9, 87-9; H, 11-6, 11-6%). 

To verify the occurrence of cyclisation, the unsaturation was determined by adding excess 
of 1% bromine solution in chloroform to a solution of the product in the same solvent, the temper- 
ature being kept at 0°, and determining the excess of bromine by addition of aqueous potassium 
iodide and back-titration with sodium thiosulphate. Subsequent addition of potassium iodate 
and titration with thiosulphate accounted for any bromine used in substitution (Found: in 
a-compound, unsaturation, 51-16, 51-42; in B-compound, unsaturation, 49-45, 49-71%). Both 
fractions, therefore, being approximately half as unsaturated as gutta-percha itself, are cyclic, 
and differ only in their solubility in ether. The ether-soluble fraction softens at 70° and melts to 
a clear brown liquid at 85—90° (decomp. 120°); the ether-insoluble fraction softens about 
65—68°, melts at 84—86°, and decomposes at 120°. 

a- and 8-Monocyclobalata.—Balata hydrochloride, similarly prepared and treated, gave 
similar products : ether-soluble fraction, m. p. 100—105° (decomp. 120—125°) (Found: C, 88-1, 
88-0; H, 11-7, 11-7; unsaturation, 46-1, 47-7%); ether-insoluble fraction, an amorphous pale 
yellow powder, m. p. ca. 100° (softening at 85—90°; decomp. 115—120°) (Found: C, 88-0, 88-0; 
H, 11-7, 11-7; unsaturation, 48-0, 47-7%). 

Densities, measured in absolute alcohol at 19°, were: Monocyclogutta-percha, 0-9965; 
gutta-percha, 0-920; monocyclobalata, 10030; balata, 0-920. Molecular-weight determinations 
for concentrations of 2-5—20% in camphor gave: monocyclogutta-percha, a, 1550—4000; 
8, 1800—3640; monocyclobalata, 2000—3723 and 1940—3300 for the two fractions. 

Monocyclogutta-percha, when heated at 2—3 mm. pressure, melted and bubbled vigorously 
at 150°, and at 180° had set to a shiny, brown, porous mass, remaining unchanged even above 
360°. The distillate was negligible, and the residue, amounting to 84% of the original material, 
showed an unsaturation of 25-03%. Monocyclobalata behaved similarly, the residue having 
an unsaturation of 24.5%. 1-590 G. of monocyclogutta-percha, in 80 c.c. of benzene with 1 
g. of active palladium as catalyst, were shaken with hydrogen at ordinary temperature and pres- 
sure for 100 hours; 106 c.c. were absorbed (calc., 262 c.c.). Monocyclobalata also could not be 
completely hydrogenated. 

The hydrochlorides and hydrobromides of monocyclo-gutta-percha and -balata were prepared 
by the usual saturation method, and in the following table their densities are compared with those 
of the corresponding derivatives of the uncyclised hydrocarbons : 

Hydro- Hydro- Hydro- Hydro- 
chloride. bromide. chloride. bromide. 


Monocyclogutta-percha 1-040 1-070 Gutta-percha 0°961 0-980 
Monocyclobalata 1:055 1071 0°9645 0°970 


The authors are indebted to Professor G. G. Henderson, F.R.S., for his interest in this work, 
and to the Carnegie Trustees for a Scholarship which has enabled one of them (T. H.) to take 
part in it. 


THE UNIVERSITY, GLASGOW [Received, June 14th, 1935.] 
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294. Condensation of Balata Bromide with Phenols and Phenolic 
Ethers. 


By Tuomas HARDIE and JoHN A. Marr. 


THE Friedel-Crafts reaction was first applied to caoutchouc bromide by Weber (Ber., 1900, 
33, 791), who, by the condensation with phenol, obtained a compound which he represented 
as [CypH,,(O-CgH;),],. This “‘tetroxylphenylpolyprene”’ was soluble in alkalis and in- 
soluble in benzene. Since anisole did not condense in this manner, Weber concluded that 
the hydroxyl group was the point of attack, and so described the compound as an ether. 
Fisher, Gray, and McColm (J. Amer. Chem. Soc., 1926, 48, 1309) repeated this reaction and 
found that the product could be methylated easily; since the methylated substance was 
soluble in benzene and insoluble in alkali, they deduced that the original product contains 
free hydroxyl groups, and assumed the reaction to involve the f-hydrogen atom of the 
phenol and to be 


[-CH,*CMeBr-CHBr-CH,:], + 2xC,H,;-OH —> 
[-CH,*CMe(C,H,-OH)-CH(C,H,OH)-CH,"], + 2«HBr. 


They named this substance “ di(hydroxyphenyl)hydrorubber,” and obtained it in nearly 
quantitative yield by using ferric chloride as condensing agent. The compounds gave no 
depression of the freezing point of benzene, and showed colloidal properties, so it was in- 
ferred that the parent hydrocarbon had very large colloidal molecules. 

Geiger (Helv. Chim. Acta, 1927, 10, 530) extended this work to a series of phenols and 
phenolic ethers and also to gutta-percha bromide, which reacted in an exactly similar 
manner. With phenolic ethers the reaction was slower than with phenols and the yields 
were poor. By condensing caoutchouc bromide with anisole, a compound was obtained in 
one step which was identical with Fisher, Gray, and McColm’s methylation product; this 
substance (I; with OMe in place of OH) was termed dimethoxydiphenylhydrocaoutchouc. 
Geiger also prepared benzoates of the phenolic products by the Schotten—Baumann re- 
action, so confirming the presence of hydroxyl groups; and from gutta-percha bromide he 
obtained compounds similar to those from caoutchouc bromide but having lower melting 
points. He, too, assumed the p-hydrogen atom to react, by analogy with simpler com- 
pounds. No depression of the freezing point of benzene was observed with any of the 
compounds, and those examined by X-rays gave “amorphous” rings. Staudinger 
(Kautschuk, 1926, 103) states that such products as the above are much more complicated 
than is supposed, their formation involving not only condensation but cyclisation ; this 
has not been substantiated, however. 

The present work was undertaken with a view to extend these investigations to balata 
bromide. This substance, when newly prepared, reacts very readily with excess of phenolic 
compounds in presence of anhydrous ferric chloride at 100—120° with evolution of hydro- 
gen bromide. The resulting compounds, purified by repeated solution and precipitation, 
are very soluble in alkalis, and readily give p-nitrobenzoates, showing the presence of hydr- 
oxyl groups. From a similar reaction at a slightly higher temperature with anisole and 
phenetole the yields were low, but the products were easily isolated by their solubility in 
acetone or ethyl acetate. Since the corresponding anisole and phenetole condensation 
products with gutta-percha bromide have not been described, these were also prepared. 

Analysis of the phenol condensation product, dihydroxydiphenylhydrobalata, agrees 
very closely with-the formula [C;H,(C,H,°OH).],, and the other products have similar 
formule. That the p-hydrogen atom is involved has been proved by oxidation of dihydr- 
oxydiphenylhydrobalata by potassium permanganate in acetone solution, -hydroxy- 
benzoic acid being isolated. 

All the condensation products are coloured, amorphous powders of somewhat indefinite 
m. p. They are mostly soluble in acetone, ethyl acetate, and pyridine, but insoluble in 
light petroleum, acids, and water; in addition, the phenolic products are soluble in alkalis 
and slightly soluble in benzene. None of them gives a depression of the freezing point of 
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benzene, and molecular-weight determinations (Rast) give variable results (compare 
Staudinger, Ber., 1928, 61, 2575). The colloidal nature of the solutions indicates that the 
molecules are probably not much smaller than those of the hydrocarbon—this applies to 
the p-nitrobenzoates, which are the products of three successive reactions. Many of the 
condensation products give fluorescent solutions, and those of resorcinol with both gutta- 
percha and balata are good indicators in acidimetry and also behave as adsorption indicators 
in argentometric titrations. 

The products from caoutchouc, gutta-percha, and balata are all similar in being coloured, 
amorphous substances of high molecular weight. The melting points of the derivatives of 
the last two substances are slightly lower than those of the first. 


EXPERIMENTAL. 


The balata and gutta-percha were purified as described by Mair and Todd (J., 1932, 393), and 
the bromides were prepared as fine white powders in 90% yield by the method of Weber (‘‘ The 
Chemistry of India Rubber,’’ p. 32). 

p-Dihydroxydiphenylhydrobalata.—6-25 G. of balata bromide, 2-5 g. of anhydrous ferric 
chloride, and 20 g. of phenol were heated on an oil-bath at 100—120° for 2} hours, hydrogen 
bromide being vigorously evolved. After cooling, the thick liquid was diluted with 50 c.c. of 
alcohol, and the solution poured into 500 c.c. of warm dilute hydrochloric acid. The dark brown 
precipitate was filtered off, and purified by repeated solution in acetone and precipitation with 
dilute acid. The final product was 5 g. of a chocolate-brown powder, m. p. 195—200° (shrinking 
at 130°) {Found: C, 79-8, 80-1; H, 7-4, 7-15. [C;H,(C,H,°OH),], requires C, 80-3; H, 7-1%}, 
whose ethyl acetate and benzene solutions were faintly fluorescent. The p-nitrobenzoate, 
prepared in the usual manner, is also a brown powder, m. p. 87—90° [Found: N, 5-2, 5-1. 
(C3,H,,O,N,), requires N, 5-1%]. 

Oxidation. 20 G. of the compound were oxidised at room temperature in purified acetone 
solution with the theoretical quantity (80 g. = 13 atoms of oxygen) of finely ground potassium 
permanganate, dusted into the solution in small quantities with constant stirring. The solution 
was then evaporated to dryness, leached with hot water, and sulphur dioxide passed till the 
manganese dioxide dissolved. The resulting white flocculent precipitate was filtered off, and 
found to be partly soluble in hot water, the insoluble part consisting of complex resin acids. 
The aqueous solution was slowly evaporated, and the p-hydroxybenzoic acid which separated 
out was recrystallised from water; m. p. 211°; its acetyl derivative, prepared by Chattaway’s 
method (J., 1931, 2495), melted at 186°. 

Dihydroxy-p-tolylhydrobalata.—2 G. of balata bromide, 1 g. of anhydrous ferric chloride, 
and 10 g. of p-cresol were heated on an oil-bath at 100—120° for 2 hours. The cooled dark brown 
liquid was poured into 400 c.c. of 1% sodium hydroxide solution, the solid filtered off, and ex- 
tracted at 80° with 150 c.c. of dilute hydrochloric acid to remove iron salts ; it was then dissolved 
in acetone and poured into dilute hydrochloric, giving finally 1-5 g. of a greenish-grey powder, 
m. p. 167—169° {Found : C, 80-3, 80-4; H, 7-8, 7-8. [Cs3H,(CgH,;Me-OH),], requires C, 80-8; 
H, 7-8%}, showing a colour change when its acid suspension is made alkaline. The p-nitro- 
benzoate was a light brown powder, m. p. 143—145° [Found: N, 4-9, 4-9. (C33H,,0,N,), 
requires N, 4-8%]. 

m-Cresol similarly afforded 2-1 g. of a green powder, m. p. 165—169° (shrinking at 140°) 
(p-nitrobenzoate, yellow, m. p. 146—148°); and o-cresol gave 1-8 g. of a brown compound, 
m. p. 193—195° (p-nitrobenzoate, brown, m. p. 190—192°). 

Tetrahydroxydiphenylhydrobalata.—2-5 G. of balata bromide, 1-25 g. of anhydrous ferric 
chloride, and 12 g. of resorcinol were heated at 100—130° for 2} hours, cooled, and digested with 
150 c.c. of alcohol at 80° for an hour. The liquid was then poured into 500 c.c. of dilute hydro- 
chloric acid, and the precipitated product on purification gave 2-9 g. of deep red tetrahydroxy- 
diphenylhydrobalata, m. p. 220° [Found : C, 71-2, 70-9; H, 6-2, 6-4. (C,H 0,4), requires C, 
71-3; H, 63%]. The p-nitrobenzoate was reddish-violet, m. p. 195—200° (Found: N, 6:3, 
6-4. (Cys;H390,,N,), requires N, 6-35%]. 

Indicator properties. The alcoholic solution of tetrahydroxydiphenylhydrobalata showed 
strong green fluorescence, and in dilute solution possessed marked indicator properties. Since 
Geiger (loc. cit.) makes no mention of similar properties in the gutta-percha analogue, both this 
compound (dark orange powder, m. p. 270°) and the caoutchouc analogue were prepared and 
found to possess similar fluorescence and indicator properties. It is significant that only the 
resorcinol condensation products behave in this manner (cf. Weissberger and Thiele, J., 1934, 148). 
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When resorcinol is heated with ferric chloride to 110°, the product, after purification by solu- 
tion in alcohol and precipitation with dilute hydrochloric acid, is a dark red, viscous solid, 
soluble in alkalis with an intense green fluorescence; its alcoholic solution or a dilute solution 
of its sodium salt shows indicator properties similar to, but less well-defined than, those of the 
three foregoing condensation products, the colour being less pure, with a permanent yellow tint. 
It seems probable, therefore, that the indicator properties of the latter compounds are really 
due to condensation products of resorcinol itself, their relative sharpness being attributable to 
selective adsorption of one constituent of the complex mixture formed by secondary reaction 
between the resorcinol and the anhydrous ferric chloride. 

p-Dimethoxydiphenylhydrobalata.—1-6 G. of balata bromide, 1 g. of ferric chloride, and 6-6 g. 
of anisole were heated together as before (100—130°; 3 hrs.) and cooled ; 100 c.c. of benzene were 
added, and the solution filtered into alcohol containing hydrochloric acid. The precipitate was 
purified by running its benzene solution into light petroleum. p-Dimethoxydiphenylhydro- 
balata was then obtained (2 g.) as a grey-brown powder, m. p. 105—110° [Found : C, 80-6, 80-7; 
H, 7-4, 7-6. (C,)H,.O,), requires C, 80-8; H, 7-8%]; its ethyl acetate solution was fluorescent, 
and the benzene solution weakly so. 

p-Diethoxydiphenylhydrobalata.—This substance, prepared by using phenetole as above 
(yield 3 g.), was yellow-brown, m. p. 125—130°, with fluorescent properties [Found : C, 82-9, 
81-5; H, 8-1, 8-3. (C,,H,,O,), requires C, 81-3; H, 8-4%]. 

By similar methods were obtained p-dimethoxydiphenylhydrogutta-percha (2 g.) as a greenish- 
brown product, m. p. 195—197° (Found : C, 80-4; H, 7-7%), and the diethoxy-compound (1-5 g.), 
greenish-brown, m. p. 205—207° (Found : C, 81:0; H, 8-3%), both giving fluorescent solutions 
in ethyl acetate. 

a-Dihydroxydinaphthylhydrobalata.—3 G. of balata bromide, 2-5 g. of anhydrous ferric 
chloride, and 20 g. of «-naphthol were heated together for 3 hours at 100—105°, cooled, treated 
with 200 c.c. of absolute alcohol, and the precipitate collected, dissolved in acetone, and re- 
precipitated by pouring into dilute hydrochloric acid. Thus purified, the substance (3-2 g.) 
had a putty-grey colour, m. p. 190—195° [Found: C, 84-1, 84-3; H, 6-1, 6-1. (C,;H,,O,), 
requires C, 84:7; H, 6-2%]; p-nitrobenzoate, dark brown, m. p. 150—152° [Found: N, 4-2, 4-3. 
(Cy9H,,0,N,), requires N, 4:3%]. 
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295. Wolffram’s Red Salt and the Possibility of Tervalent Platinum. 
By H. D. K. Drew and H. J. TREss. 


In 1850, Wurtz described a colourless plato-tetrammine having the formula 
[Pt etn,]Cl,,2H,O, where etn = C,H,-NH,; Wolffram (Diss., Kénigsberg, 1900) obtained 
from this, by the action of hydrogen peroxide in hydrochloric acid, a crystalline dihydrated 
red salt, which he considered to be isomeric with Wurtz’s salt. 

We undertook ‘the re-examination of this substance because, not only is there no other 
known case of isomerism among unmixed plato-tetrammines, but the work of earlier 
investigators and our own previous observations had suggested that a coloured platinum 
compound of this nature should be capable of being formulated as a compound of tervalent 
platinum, simple or dimeric; and in fact, we soon found that the red substance had the 
empirical formula Pt etn,Cl;,2H,O, and that only two of the three chlorine atoms were 
ionised. While we were attempting to discover the structural formula, however, Reihlen 
and Flohr (Ber., 1934, 67, 2010) anticipated our publication; they found that Wolffram’s 
salt could be prepared directly by mixing aqueous solutions of the colourless [Pt etn,]Cl, 
and its yellow plati-analogue, [Pt etn,Cl,]Cl,, and they concluded that the most probable 
structural formula was that of the double salt, [Pt etn,]Cl, + [Pt etn,Cl,]Cl, + 4H,0. 
This was supported by the fact that the red salt was only pale yellow in aqueous solution 
(Wolffram) and that it gave (Reihlen and Flohr), both with sodium chloroplatinate and 
with potassium chloroplatinite, products which could readily be accounted for by assuming 
normal reactions of the components of the double salt. 

Reihlen and Flohr thus regard the red salt as a special lattice compound, and find con- 
firmation of this in the fact that the red colour changes to yellow when the salt is de- 
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hydrated (Wolffram) and the lattice destroyed. They reject as improbable the formula 
[Pt etn,Cl]Cl,,2H,O, on the ground that ‘‘ no compounds of tervalent platinum are known,” 
and they do not consider the possibility of a dimeride of this, in which the two platinum 
atoms are attached to one another. Whilst our parallel experimental results agree substan- 
tially with those of Reihlen and Flohr, some fresh data lead us to conclude that the formu- 
lation of Wolffram’s salt as a double salt is erroneous. 

It is well known that [Pt etn,]Cl, and its aqueous solution are colourless, and it is now 
found that [Pt etn,Cl,]Cl, is cream-white when pure, and gives an almost colourless solution 
in water. The red salt is colourless in cold water, but the saturated hot solution is pale 
yellow; when dehydrated, it is yellow, but it is soon completely rehydrated in moist air, 
with restoration of the red colour. The hypothesis that both the aqueous solution of the 
red salt and the anhydrous salt contain merely a mixture of the two simple components 
is scarcely adequate to account for the yellow colours. It is very improbable, too, that the 
red colour of the dihydrate is due to a special lattice, since this would have in a sense 
to be broken down on dehydration and restored by the action of moist air. 

Reihlen and Flohr prepared the analogous bromide, but did not analyse it or determine 
its hydration. This substance, Pt etn,Br,,2H,O, has an important bearing on the structure, 
and is now found to crystallise from cold water in green needles of the dihydrate, the streak 
being green; from warm water, however, it separates in scarlet needles of the anhydrous 
substance, having an orange streak. When the green salt is warmed with a little water, 
it becomes scarlet without dissolving, suggesting a structural change rather than dichroism. 
The green salt is completely dehydrated in dry air at 100°, becoming somewhat darker, 
but if disturbed, this anhydrous salt becomes suddenly reddish-chocolate in colour (orange 
streak) without losing its crystalline form. The chocolate colour changes at once to scarlet 
when the salt is moistened with water. The dried substance is not rehydrated in moist 
air. It is thus clear that hydration is incidental to, rather than a prime cause of, the 
high development of colour shown by these salts, so the special lattice theory can scarcely 
be supported. The above bromide is golden-yellow in aqueous solution. The crystalline 
plati-bromide, [Pt etn,Br,]Br,, was found to be of this shade, and became green when 
rubbed with moist iron; when ground with moist [Pt etn,]Cl, it became purple-black. 

Reihlen and Flohr remarked, as a strong argument for the special lattice, that the ionised 
halogen atoms of Wolffram’s red salt cannot be replaced by radicals which would alter the 
crystal lattice. This is probably due merely to the difficulty of preparing the salts and to 
differences in stability. The yellow thiocyanate [Pt etn,Cl](NCS)., which is anhydrous, 
has now been obtained analytically pure, but as it is unstable in hot water, we have not 
been able to show that it retains the structure of Wolffram’s salt. The pale yellow mono- 
hydroxy-compound, [Pt etn,(OH)]Cl,,2H,O, was also obtained, but both its purity and 
its structure were uncertain. However, it was readily shown that two or all four of the 
ethylamine groups of Wolffram’s salt may be replaced by propylamine, with the pro- 
duction of red salts which are analogous in properties, although they have not been isolated 
in the pure state. As this kind of substitution necessitates an alteration of lattice, it is 
clear that the special properties of salts of the type of Wolffram’s salt are a consequence 
of chemical structure and not of crystal lattice. 

The most probable structure for Wolffram’s red salt is that of the simple derivative 
of tervalent platinum, [Pt etn,Cl]Cl,,2H,O, which is to be regarded as intertransformable 
with the dimeric form, [Cl etn,Pt-Pt etn,ClJCl,, in which platinum is formally quadrivalent. 
When the salt is dissolved in water, one or other of these forms enters into equilibrium with 
the kations, [Pt etn,] and [Pt etn,Cl,], and chloride ions. 

The literature already contains a number of substances in which platinum has been 
assigned the tervalent state, and all of them are coloured. The poorly-defined brown oxide 
and hydrated oxides of tervalent platinum, and the greenish-black chloride PtCl, being 
omitted, the following cases of crystalline substances may be cited :* 


* Ray and Ghose’s compound (j. Indian Chem. Soc., 1934, 11, 737), to which they ascribed the 
formula Pt(EtS-CH,°CH,°SEt)Cl,, had already been described by Tschugaieff and Benevolensky (Z. 
anorg. Chem., 1913, 82, 420), who showed that it had the structure [Pt(EtS-CH,°CH,°SEt),][PtCl,]. 
It is not therefore an example of a tervalent platinum compound. 





1246 Drew and Tress: 


(i) Blondel’s acid and its salts (Ann. Chim. Phys., 1905, 6, 110; Bull. Soc. chim., 1910, 
7,99). The acid consists of orange prisms, HPt(SO,).,6H,O, which can be dried to a yellow 
dihydrate; the potassium salt, KPt(SO,),,H,O, forms yellow needles stable at 150°. 

(ii) Jérgensen’s reddish-brown a-Pt(NH,)etnBr, and the analogous red «-Pt(NH;)pyCl, 
(J. pr. Chem., 1886, 33, 489; J., 1932, 1013). 

(iii) The compounds of Tschugaieff and Tscherniaeff (Z. anorg. Chem., 1929, 182, 
159) : 6-Pt(NH,),(OH)Cl,, black needles; and the exceptionally well-defined red Pt enCl,, 
which we later showed (unpublished work) to be preparable by grinding together a moist 
mixture of Pt enCl, and Pt enCl,, in addition to the method of partial oxidation of Pt enCl, 
(see J., 1933, 1335). Head and one of us also observed (J., 1934, 224) that 
a-[Pt(NH,) etnCl,] and «-[Pt(NH,) etnCl,] form a red crystalline substance when mixed at 
210°. 

(iv) In the palladium series there is the very crystalline black Pd(NH5),Cl,, obtained by 
chlorination of Pd(NH,),Cl, (J., 1932, 1908). It may be noted also that the green-black 
compound produced by the action of sulphuric acid upon $-Pt(NH,),Cl,, to which the 
formula H,{(NH,Cl),Pt-O-SO,-O-Pt(NH,Cl),] has been assigned (J., 1934, 1790), may 
be formulated as a compound of tervalent platinum if the two platinum atoms be regarded 
as linked together. 

It seems clear that several of the above compounds, particularly Pt enCl, and Jérgensen’s 
two compounds, present close analogy with Wolffram’s salt in respect of the valency state 
of their platinum atoms : all of these substances represent intermediate stages between the 
bi- and the quadri-valent state, or, as it may be expressed, the stage of half-oxidation. 
In a number of well-known cases of organo-metallic or -metalloidal and even of purely 
organic compounds, this stage of half-oxidation is represented by crystalline compounds 
showing much higher development of colour than the fully oxidised or the fully reduced 
compound: meriquinoid salts, complexes of the quinhydrone type, and in particular, 
the purple salts of the phenoxtellurylium series and their apparent analogues in the nitrogen, 
sulphur, selenium, and arsenic series, may be cited as instances. In each case, a choice 
has to be made between the assumption of an intermediate state of valency and that of a 
dimeric formula; and in some of the instances (e.g., the phenoxtellurylium complexes) 
the experimental results indicate the latter; but it is quite possible that in other cases 
there may be an equilibrium set up between the two forms, and this equilibrium may some- 
times be inclined almost entirely to the side of the monomeric substance of intermediate 
valency. Thus, the problem is really that of a choice between the dimeric and the “free 
radical” state, as, ¢.g., in the case of triphenylmethyl and its analogues : 


oo _ 
2CPh, —= Ph,C-CPh, => Ph,C + Ph,C. 


The assumption of a tendency towards ionisation of a dimeric substance associated with 
anions affords an explanation of the way in which it may become resolved, when in solution, 
into the ions of its fully reduced and fully oxidised component salts, e.g., the purple salt 
shown below (on the left) is only pale yellow in hot acetic acid solution but is regenerated 
when the solution cools : 


| O<Eoigt>Te—Te<E877#>0 |(S0,H) 2 = |o <CH o> Te. Tees HO | SO,H), 


O< Eo >Te 4 | Te<Eeyt>0 |(S0,H), 


The hypothetical intermediate stage shows a substance in which the tellurium atoms are 
tending to develop opposite charges, and it will be clear that, as the tellurium atoms separate, 
the positive charges attract the negative acid radicals, the parent oxidised and reduced 
components of the purple complex being regenerated. 

Essentially, the same explanation may be invoked to show how Wolffram’s salt may pass 





Wolffram’s Red Salt and the Possibility of Tervalent Platinum. 1247 


into or separate from a colourless solution, and how the solution may contain the fully 
oxidised and fully reduced kations : 


[Cletn,Pt — Ptetn,ClJCl, —> [Cletn,Pt ... Ptetn,CIICl, 
++ ++ ++ ++ 


i 


[Pt etn,]Cl, + [Pt etn,Cl,]Cl, 


The platinum atom which acquires the negative charge may be regarded as imparting it 
to the covalently attached chlorine atom, which thus becomes an ion; the scheme accounts 
for the fact that three of the four chloride ions of the original dimeric formula ultimately 
become associated with one of the component salts, whilst the other component salt attaches 
only one of the chloride ions. The positive charges of the original dimeric salt, although 
shown conventionally on the platinum atoms, are probably located upon the nitrogen atoms. 
Thus, when the ions reassemble in the solid, they might take up other positions than those 
shown above, and of the possibilities, the following seemed worthy of consideration : 


[(etn),(etn),Pt . . . Pt(Cl)(etn),(etn),]Cl, —> [Pt(etn),(etn),][PtCl,(etnCl),], since it 
would indicate that the salt may be formulated conventionally as a plato-plati-ammine 


++ -- ++ —-— + ~ 
[Pt etn,][PtCl,etn,], or the equivalent [Pt etn,][PtCl,(etn),](Cl),. However, we failed 
to find evidence that [Pt etn,Cl,]Cl, could function like platinic chloride in combining 
with 2 mols. of hydrochloric acid or potassium chloride, and therefore this view was 
abandoned. 

Reihlen and Flohr made the important discovery that Wolffram’s red salt can be 
prepared by mixing [Pt etn,]Cl, and [Pt etn,Cl,]Cl, in aqueous solution; and they also de- 
duced that the ions of these component salts are regenerated when the red salt is dissolved in 
water. They tested the latter hypothesis by examining the action of cold aqueous sodium 
chloroplatinate on the red salt, which gave a brownish-yellow salt, [Pt etn,]PtCl, or 
[Pt etn,Cl,]PtCl,, together with a more soluble orange salt, [Pt etn,Cl,]PtCl,,2H,O. It is 
now found that, with chloroplatinic acid in the cold, an aqueous solution of Wolffram’s 
salt gives the above two salts, the former of which, when crystallised from dilute hydro- 
chloric acid, is rearranged as follows : 


2[Pt etn,]PtCl, = [Pt etn,Cl,]PtCl, + [Pt etn,]PtCl,. 


They found also that hot aqueous potassium chloroplatinite gave with the red salt a mixture 
of the insoluble violet-red salt, [Pt etn,]PtCl,, and potassium chloroplatinate, a reaction 
which was interpreted as a reduction : 


[Pt etn,]Cl, + [Pt etn,Cl,]Cl, + 2K,PtCl, = [Pt etn,]PtCl, + [Pt etn,Cl,]PtCl, + 4KCl 
4i-"2 4M*2I~"2 2 4 4 4 4.2 4 


It is now found, however, that, when the reaction is carried out in the cold with equivalent 
solutions of the reactants, almost complete precipitation occurs of an apparently homogen- 
eous salt having the median constitution as shown by analysis; the reaction could be 


expressed by the equation : 
[Pt etn,Cl1JCl, + K,PtCl, = [Pt etn,Cl]PtCl, + 2KCl 


or the salt could be formulated as an equimolecular mixture or compound of Reihlen and 
Flohr’s pair of salts, into which it is, in fact, resolved by crystallisation from hydrochloric 
acid, although the [Pt etn,]PtCl, undergoes the subsequent change already given. Both 
Reihlen and Flohr’s and our own experiments were thus ambiguous, but it was then found 
that if precipitation was conducted with successive half-equivalents of potassium chloro- 
platinite solution, a practically complete separation, successively, of the salts [Pt etn,]PtCl, 
and [Pt etn,Cl,]PtCl, was obtained. It is therefore probable that the kations of these 
salts are actually present in an aqueous solution of Wolffram’s salt, but it also remains 
probable that the plato-salts containing these kations are capable of uniting to form a 


complex. 
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The point was tested further by trying similar reactions with potassium chloropalladite, 
this salt being less liable to oxidation than the chloroplatinite owing to the instability 
of the palladic state. Here again, complete precipitation gave an apparently homogeneous 
salmon-pink salt, empirically [Pt etn,Cl]PdCl,, whereas fractional precipitation gave violet- 
pink [Pt etn,]PdCl, and orange-yellow [Pt etn,Cl,]PdCl,, in equimolecular proportion. 
The salmon-pink salt could be resolved into the above two salts by crystallisation from 
water or from hydrochloric acid. 

The action of an excess of chloroauric acid, HAuCl,, in presence of dilute hydrochloric 
acid, upon the red salt was also examined. The reagent, as has been recorded in other 
cases (e.g., [Co(NH,),ClJAuCl;), behaved as though it were H,AuCl,;; but the gold chloride 
was, in part, reduced to metallic gold, the product being the yellow aurichloride of the plati- 


salt : 
3[Pt etn,ClJCl, + 4H,AuCl; = 3[Pt etn,Cl,JAuCl, + 8HCl + Au 


This reaction, like those of chloroplatinic acid and its sodium salt, throws little light on 
the structure of Wolffram’s salt. The action of bases upon the red salt likewise gave little 
information, since it was either nil (as with pyridine) or reducing (as with ethylamine, 
which gave the tetrammine [Pt etn, ]Cl,). 

The following conclusions may be drawn regarding Wolffram’s salt and its analogues : 
The anhydrous salts (the yellow chloride and thiocyanate, and the red bromide) are 
analogous in structure; they differ in structure from the dihydrates (the red chloride and 
the green bromide), which are analogous with one another. The aqueous solutions mainly 
contain the ions of the simple component salts, but there is probably an equilibrium with 
a form of the original salt. When the green bromide is dehydrated, it retains its original 
structure until mechanically disturbed, whereupon the structure changes almost completely 
into that of the red bromide; moistening with water completes the change. Reversal of 
the red to the green bromide only occurs when solution in water effects regeneration of the 
simple components, followed by their combination and rehydration. These facts seem 
best interpreted by assuming that the dihydrates have the simple structure with tervalent 
platinum, whilst the anhydrous forms have the dimeric structure. 

Thus it seems that Wolffram’s red salt and a number of other coloured platinum and 
palladium compounds afford distinct evidence of the occurrence of these elements in a ter- 
valent or pseudo-tervalent state, presenting several features in common with the free 
radicals and with certain series of compounds containing carbon, tellurium, or other element 
in a lower valency, or pseudo-lower valency, state. 

Apart from hypotheses regarding the shift of valency electrons from one shell to another, 
there appears to be little real distinction between the free radical and the state of the lower 
valency. 

EXPERIMENTAL. 


[Pt etn,]Cl,,2H,O was prepared, usually together with an explosive black by-product, 
from a- or B-Pt etn,Cl, or from [Pt etn]PtCl, and warm aqueous ethylamine, as colourless, 
domed columns from water, m. p. 189°(Found, in air-dried sample: Cl, 14-1; H,O, 7-5. Calc. 
for C,H,,0,N,Cl,Pt: Cl, 14:7; H,O, 7-5%); it forms lustrous polyhedra from aqueous alcohol. 
It was also prepared from Wolffram’s salt and ethylamine. Its chloroplatinite, [Pt etn,]PtCl,, 
forms violet-pink rectangular needles. Chloroauric acid oxidises it to yellow [Pt etn,Cl,]AuCl, 
(see p. 1251). The dihydrate gives the anhydrous salt when dried and this is rehydrated in 
moist air. The salt is transformed into Wolffram’s red salt when moistened with aqueous 
hydrogen peroxide or sodium persulphate and then treated with hydrochloric acid. Sulphuric 
acid in place of hydrochloric acid produces no reddening. 

a-Di(ethylamino)di(propylamino)platinous chloride dihydrate, similarly prepared from 
a-Pt etn,Cl, and »-propylamine, formed colourless slender oblique needles from water, which could 
be dehydrated (Found, in air-dried sample: H,O, 7-6. Cj 9H;,0,N,Cl,Pt requires H,O, 7-1%). 
The tetrva(propylamino)-compound was prepared as a dihydrate from potassium chloroplatinite 
and an excess of »-propylamine as a very voluminous precipitate of colourless slender needles 
not very soluble in cold water; it could be dehydrated, the product not apparently becoming 
rehydrated in moist air (Found, in air-dried specimen: Pt, 35-6; H,O, 7-4. C,,H N,O,Cl,Pt 
requires Pt, 36-3; H,O, 6-7%). 
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Dichlorotetra(ethylamino)platinic chloride was prepared by gently warming [Pt etn,]Cl, 
with aqueous hydrogen peroxide, adding hydrochloric acid, and crystallising the precipitate 
from water. It formed anhydrous cream-white needles (Found: C, 18-4; H, 5-5; Pt, 37-2. 
Calc. for C,H,,N,Cl,Pt: C, 18-6; H, 5-5; Pt, 37-7%), giving an almost colourless aqueous solu- 
tion. With chloroauric acid, it gave yellow [Pt etn,Cl,]AuCl, (see p. 1251); with K[Pt(NHj)Cl,], 
it gave yellow crystals. The moistened substance was easily reduced to Wolffram’s red salt 
when rubbed with a nickel strip, as described by Reihlen and Flohr, or with iron. Partial re- 
duction occurred when the substance was boiled with aqueous alcohol or with a little aqueous 
ethylamine. 

The tetra(propylamino)-compound was obtained similarly as an anhydrous white precipitate, 
very sparingly soluble in boiling water. It became red when moistened and rubbed with 
steel (Found: C, 25-0; H, 6-4; Pt, 34:7. C,,.H3,N,Cl,Pt requires: C, 25-1; H, 6-3; Pt, 
340%). 

Wolffram’s red salt, [Pt etn,CI]Cl,,2H,O, was obtained at once by slowly adding concentrated 
hydrochloric acid to a strong aqueous solution of [Pt etn,]Cl, containing hydrogen peroxide 
(about twice the theoretical quantity). It formed brilliant, slender, pleochroic needles from 
hot water, having a red-brown colour when slowly separated, but a scarlet colour with bluish- 
green reflex on rapid separation; the powdered salt was intensely red; it melted and decom- 
posed at 180°; with further hydrogen peroxide and hydrochloric acid it gave [Pt etn,Cl,]Cl,. 
In the presence of dilute sulphuric acid, it was oxidised quantitatively by potassium permangan- 
ate to the platinic state. In a stream of dry air at 100°, it was dehydrated in a few minutes 
(with phosphoric oxide, in some hours) to yellow pseudomorphs of the anhydride; these were 
rehydrated very rapidly in moist air to the scarlet salt. The action of excess of aqueous silver 
nitrate was examined quantitatively : in the cold, two-thirds of the chlorine was precipitated 
at once as silver chloride, whereas the remaining one-third was only incompletely precipitated 
even by prolonged boiling of the filtrate in presence of nitric acid; the whole of the chlorine 
was obtained by the Carius method (J., 1934, 1787) [Found, in air-dried salt: C, 18-5; H, 6-3; 
Cl (total), 20-3; Cl (ionised), 14-1; Pt, 37-3; H,O, 6-8. Calc. for dihydrate: C, 18-5; H, 6-2; 
Cl (total), 20-4; Cl (ionised), 13-7; Pt, 37-7; H,O, 7-0%]. With aqueous sodium nitrite, 
the salt gave yellow needles; with sodium phenylacetate, minute white needles; with potassium 
iodide, iodine and a dark crystalline precipitate. When heated with excess of aqueous ethyl- 
amine, it was reduced almost quantitatively to [Pt etn,]Cl,, the base being changed probably into 
an N-chloroethylamine; the same reaction took place slowly in the cold. With pyridine, 
instead, the salt was recovered unchanged; whilst, with ammonia, a colourless substance was 
obtained which again became scarlet when moistened with hydrochloric acid. 

Analogues of Wolffram’s Chloride.—(i) Analogues containing ethylamine. Bromotetra- 
(ethylamino) platinum bromide, [Pt etn,Br]Br,,2H,O, was obtained by adding excess of potassium 
bromide to a lukewarm concentrated aqueous solution of Wolffram’s salt; it separated as slender 
green needles, which suddenly became red at 85° and melted with decomposition at 182° (Found : 
Br, 36-2; Pt, 30-1; H,O, 5-6. C,H,,N,Br,Pt,2H,O requires Br, 36-8; Pt, 30-0; H,O, 5-5%). 
It remained green when dried at 100°, but suddenly changed to a reddish-chocolate form of the 
anhydrous salt (Found: C, 15-8; H, 4-8; Pt, 32-35. C,H,,N,Br,Pt requires C, 15-6; H, 4-55; 
Pt, 31-75%); it did not reabsorb water from moist air, but when moistened with water it at 
once became scarlet. When the green dihydrate was crystallised from water, it separated from 
the warm solution as bright red rectangular needles with steel-blue reflex, which were anhydrous 
(Found: C, 15-7; H, 4-9; Pt, 32-0%), but from the cold solution it again separated as the green 
dihydrate. This, when warmed or left for some days with a little water, changed to the red 
compound without dissolving. The red and the chocolate form of this bromide melted suddenly 
with decomposition at 182°, the latter having first become red. The thiocyanate of the analogous 
chloro-compound was obtained similarly in the cold by use of potassium thiocyanate, forming 
minute yellow crystals, unstable to boiling water (Found: C, 22-1; H, 5-1; Cl, 7-2; Pt, 36-85. 
C,9H,,N,CIS,Pt requires C, 22-8; H, 5-3; Cl, 6-7; Pt, 37-0%. The monohydrate requires 
C, 22-05; H, 5-5; Cl, 6-5; Pt, 35-8%). [Pt etn,(OH)]Cl,,2H,O was prepared as light yellow | 
columns with oblique ends by a few seconds’ boiling of an aqueous solution of Wolffram’s salt 
containing about four times the theoretical amount of hydrogen peroxide; its identity is not 
established, however, for the chlorine content was high. If the time of heating was too long, 
an alkaline, colourless, very soluble platinic tetrammine, probably [Pt etn,(OH),]Cl,, was pro- 
duced; this substance gave with hydrochloric acid almost colourless needles of [Pt etn,Cl,]Cl,. 
The monohydroxy-compound was immediately changed into Wolffram’s red salt by hydro- 
chloric acid, and into green needles (presumably of [Pt etn,Br]Br,,2H,O) by hydrobromic 
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acid. With aqueous potassium bromide, it gave slender orange needles of, presumably, 
[Pt etn,(OH)]Br,. The anhydrous hydroxy-salt consisted of pale yellow pseudomorphs, which 
were soon converted into the dihydrate in moist air (Found, in dihydrate: C, 19-1; H, 6-5; 
Pt, 39-0; H,O, 7-2. C,H,,0,N,Cl,Pt requires C, 19-2; H, 6-6; Pt, 39-1; H,O, 7-2%. Found, 
in anhydrous substance : C, 20-1; H, 5-9; Pt, 42-0. C,H,,ON,CI,Pt requires C, 20-7; H, 6-3; 
Pt, 421%). 

(ii) Analogues containing n-propylamine (pn). It was found that [Pt pn,]Cl,,2H,O, and 
more especially «-[Pt etn, pn,]Cl,,2H,O, were reddened when moistened with hydrogen peroxide 
and hydrochloric acid. So also, a mixture (a) of [Pt etn,]Cl,,2H,O and [Pt pn,Cl,]Cl, and (b) 
of [Pt pn,)Cl,,2H,O and [Pt pn,Cl,]Cl, gave in each case a red colour when ground between 
glass surfaces. 

A solution of a-[Pt etn, pn,]Cl,,2H,O in excess of aqueous hydrogen peroxide gave with 
hydrochloric acid a dark reddish-brown precipitate, with intensely red streak (m. p. 187°). 
A similar red precipitate was obtained from [Pt pn,]Cl,,2H,O in the same manner. Unfortu- 
nately, although each of these substances was obtained in good crystals, neither could be prepared 
free from unchanged plato-tetrammine dichloride, but it is evident that analogues of Wolffram’s 
salt exist when propylamine is substituted for ethylamine; titration with acid permanganate 
and also chlorine analyses confirmed this, although in each case the figures were inexact. 

Complex Salts derived from Wolffram’s Salt.—In all cases, the red salt was completely 
dissolved in cold water and treated with a clear solution of the reagent. 

(a) With chloroplatinic acid in hydrochloric acid, glistening, golden, hexagonal tables of 
[Pt etn,]PtCl, separated slowly (Found: C, 12-15; H, 3-6. Calc. for CsgH,,N,Cl,Pt, : C, 12-25; 
H, 3-55%); the mother-liquor gave square yellow plates of [Pt etn,Cl,]PtCl,,2H,O, as described 
by Reihlen and Flohr. 

The original precipitate of plato-plati-chloride (above), when recrystallised from hydrochloric 
acid, was resolved into a mixture of violet-pink rectangular needles of [Pt etn,]PtCl, and massive 
yellow rectangular prisms of [Pt etn,Cl,]PtCl,,2H,O. By the action of potassium chloro- 
platinite on [Pt etn,Cl,}Cl,, a yellow sa/t having the composition [Pt etn,Cl,]PtCl, was obtained 
(Found: C, 11-9; H, 3-6; Pt, 50-5. C,H,,N,Cl,Pt, requires C, 12-25; H, 3-6; Pt, 49-85%). 
This substance appeared to differ in crystalline form from the isomeride [Pt etn,]PtCl,, 
above. 

(6) With a strictly molecular proportion of potassium chloroplatinite, Wolffram’s salt 
gave an almost quantitative precipitate of slender, light, salmon-pink needles, having the com- 
position of chlorotetra(ethylamino)platinous chloroplatinite, [Pt etn,Cl)PtCl, (Found: C, 12-5; 
H, 3-9; Pt, 52-4. C,H,,N,Cl,Pt, requires C, 12-85; H, 3-75; Pt, 52-2%). 

When a half-molecular proportion of the chloroplatinite was used, the violet-pink sali 
[Pt etn,)PtCl, separated quantitatively as slender needles (Found: C, 13-3; H, 4-2. 
C,H,,N,Cl,Pt, requires C, 13-5; H, 3-95%); the filtrate from this, when precipitated with 
another equal proportion of potassium chloroplatinite, gave almost quantitatively yellow prisms 
of [Pt etn,Cl,]PtCl, [see (a) above. (Found: C, 12-1; H, 3-7; Pt, 50-2%)]. 

(c) With a molecular proportion of potassium chloropalladite, the red salt gave an almost 
quantitative precipitate of salmon-pink needles (Found: C, 14-6; H, 4-6; Cl, 27-6; Pd + Pt, 
46-3. [Pt etn,Cl}PdCl, requires: C, 14:55; H, 4-25; Cl, 26-9; Pd + Pt, 45-8%); this salt 
colours the wash waters yellow, the more soluble [Pt etn,Cl,]PdCl, dissolving, and a corres- 
ponding excess of [Pt etn,]PdCl, being left. Successive precipitations with two half-molecular 
proportions of potassium chloropalladite gave: (i) slender violet-pink needles of the 
sparingly soluble chloropalladite, [Pt etn,)PdCl, (Found: C, 15-5, 15-55; H, 4-9, 4:5; 
Pd + Pt, 48-9. C,H,,N,Cl,PdPt requires C, 15-4; H, 4:5; Pd + Pt, 48-4%), and 
(ii) golden-yellow square plates (octahedral when fully developed) of the more soluble 
[Pt etn,Cl,]PdCl, (Found: C, 14:1; H, 4:4; Pd-+ Pt, 43-4. C,H,,N,Cl,PdPt requires C, 
13-8; H, 4:05; Pd + Pt, 43-4%); this salt, like several other plati-ammines, separates only 
slowly and incompletely from its solution in hydrochloric acid, whereas the plato-analogue 
separates rapidly ahd almost completely. 

[Pt etn,Cl,])PdCl, was also prepared directly from potassium chloropalladite and 
[Pt etn,Cl,]Cl, (Found : C, 13-9; H, 4:3; Pd + Pt, 42-8%). 

(2) With an excess of chloroauric acid in hydrochloric acid, a yellow precipitate of flat 
hexagonal prisms, sometimes containing particles of free gold, slowly separated (Found: C, 
11-95; H, 3-55; Cl, 28-8; Au + Pt, 47-3%). This was dissolved in hot dilute hydrochloric 
acid and filtered from any gold, brilliant hexagonal plates, somewhat sensitive to light, separating 
(Found: C, 11-9; H, 3-45; Cl, 30-1; Au + Pt, 47-0, 47-5. C,H,,N,Cl,AuPt requires C, 11-7; 
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H, 3-4; Cl, 30-2; Au + Pt, 47-8%). Evidently, the salt first precipitated is dichlorotetra- 
(ethylamino)platinous chloroaurate, [Pt etn,Cl,]AuCl,, which is merely purified on recrystallisation. 


We thank H.M. Department of Scientific and Industrial Research for a valuable grant, 
and the Chemical Society and Messrs. The Mond Nickel Co. for the loan of platinum. 
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296. The Ternary System: Stannous Oxide-Sulphur Trioxide—Water. 
By Henry G. DENHAM and WILLIAM E. KING. 


THE well-known amphoteric nature of stannous oxide is closely associated with the tendency 
of the stannous salts to undergo extensive hydrolysis in aqueous solution, resulting 
generally in the precipitation of basic salts. Although numerous such basic sulphates 
have been described, there appears to have been no systematic phase-rule study of the 
problem; indeed, the methods applied by many workers were almost certain to have led 
to precipitation of variable mixtures of basic salts. This paper describes a systematic 
study of the above system at 25° and 50° in order to fix the identity of the basic sulphates 
capable of existence in stable equilibrium with the solutions chosen. Schreinemakers’s 
system of plotting results has been employed, the composition of the solid phases being 
found by the “ residue ” method (Z. physikal. Chem., 1893, 11, 76). 


In all cases the complexes were made from hydrated stannous oxide, sulphuric acid, and the 
amount of water calculated to give the desired proportion. When the composition of the com- 
plexes lay on the acid side, it was readily possible to obtain equilibrium by shaking together for 
3 days the necessary quantities of the oxide, acid, and water, but on the basic side difficulty 
was experienced, even after some weeks’ shaking, almost certainly owing to the separation of 
more than one basic salt resulting from the manner in which the mixing had been done. It was 
found more suitable to bring together the stannous oxide and sulphuric acid, and after these 
had reacted, the required amount of water was added with stirring. 

The stannous oxide was made by running a saturated solution of the sulphate, previously 
treated with granulated tin, into 2N-ammonia. This oxide, after being rapidly washed and 
dried in a vacuum, contained SO,, 0-6; H,O, 21-4%, due allowance for the presence of these 
components being made when the complexes were prepared. Water used for the preparation 
of the complexes and for the washing of the precipitated stannous oxide was freed from air by 
boiling, and then cooled in a stream of nitrogen. The flasks containing the complexes were 
filled with nitrogen prior to being sealed off. No definite indication of the presence of stannic 
oxide in the stannous oxide could be obtained. 

In all the determinations of sulphate, owing to the tendency of barium sulphate to carry out 
with it varying amounts of tin compounds, it was found advisable to add barium chloride to a 
boiling solution of the tin compound containing 20 c.c. of concentrated hydrochloric acid per 
200 c.c. of water. This method gave accurate results when checked against a solution containing 
potassium sulphate and the same solution to which various amounts of stannous chloride had been 
added. 

The analytical results shown in the tables are plotted in Figs. 1 and 2. Reference to these 
graphs shows the very restricted area in which the tetrahydrate SnSO,,2SnO0,4H,O is capable 
of existence in contact with its saturated solution at 25°, and the even more restricted area at 
50° wherein the dihydrate SnSO,,2Sn0,2H,O exists. It was therefore deemed advisablet o 
confirm the location of the point of intersection of the tie-lines by preparing samples of these 
solids by the “‘ porous plate”” method. The drying of the solids was carried out under equili- 
brium conditions, the solid spread out on a porous plate being confined in a desiccator for some 
weeks at the temperature of the isotherm under review in contact with the vapour of its equili- 
brium solution. The solids were then analysed, with the following results : 

Dry solid A at 25°: SnO, 72-8; SO,, 14:2; H,O, 13-0. Calc. for SnSO,,2Sn0,4H,O: SnO, 
72-67; SOs;, 14:39; H,O, 12-94%. 

Dry solid A at 50°: SnO, 78-5; SO,, 14-5; H,O, 7-0. Calc. for SnSO,,2Sn0,2H,O: SnO, 
78-06; SO;, 14-67; H,O, 7:27%. 
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Results at 25°. 


Solution. 


~~ 


Wet solid. 








™~ 


SnO. 
0°30 
2°21 
3°07 
3°70 
4°56 
5°72 
6°30 
8-02 
9°68 

11°68 

11°90 
15°15 
16°30 
16°26 
17°50 
14°64 
12°78 
11°83 
9°43 
6°39 
3°80 
2°98 
1°50 
0°60 
0°36 


A = SnSO,,2Sn0,4H,O; B = SnSO,,SnO; 


2°53 
3°80 
9°33 
14-00 
14°80 
14°82 
8°74 
7°42 
5°06 


SO,. 
0-20 
1:36 
1:87 
2-20 


23°00 
31-30 
40°90 
49°63 


8°78 
14°12 
19°66 
28°43 


H,0O. 
99°50 
96-43 
95:06 
94:10 
92°68 
90°89 
89°98 
87°13 
84°55 
81°53 
81°20 
75°98 
74:20 
74:21 
72°23 
74:84 
76°78 
77°53 
77°72 
77°69 
75°85 
74-02 
67-20 
58°50 
50-01 


SnO. 
61:1 

50°8 

27°66 
46°53 
39°90 
22°61 
36-00 
66°80 
69°10 
66°10 
65°66 
68°70 
44°40 
69°40 
44°30 
45°10 
51°36 
48°70 
45°30 
39°80 
33°34 
36°55 
33°50 
34°25 
29°34 


Results at 50°. 


98°28 
95°94 
94°03 
85°03 
77°70 
76°50 
76°40 
77°14 
72°92 
66°51 


53°10 
61°50 
64°20 
67°33 
63°36 
65-70 
59°30 
44°10 
42°65 
38°60 


SO). 
11°8 
9°94 
6-06 
9°70 
8°26 
6-00 
10-10 
19-80 
20°84 
19-46 
19-20 
20°83 
15°15 
21-02 
24°40 
24-20 
30°92 
29°84 
29-20 
28-50 
28-80 
30-80 
34-50 
39-00 
44-00 


10°10 
15°70 
18°54 
19°82 
19°30 
22°61 
20°00 
29°42 
30°94 
33°80 


H,O. 
27°1 
39°26 
66-34 
43°77 
51°84 
71:39 
53-90 
13-40 
10-06 
14:44 
15°14 
10°47 
40°45 
9°58 
31-30 
30°70 
17-72 
21-46 
25°50 
31-70 
37°86 
32°65 
32-00 
26-75 
26-66 


C = SnSQ,. 


36°80 
22°80 
17°26 
12°85 
17°34 
11°69 
20°70 
26°48 
26°41 
27°60 
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A = SnSO,,2Sn0,2H,O; B = SnSO,,Sn0; C = SnSQ,. 


The non-existence of the dihydrated stannous dioxysulphate at 25° indicates that at some 
definite temperature between 25° and 50° a second invariant point appears at the transition 
point between the tetrahydrated stannous dioxysulphate and the anhydrous monoxysulphate, 
giving rise to a new area representing a solid phase of composition SnSO,,2SnO,2H,0 in equili- 
brium with a solution of varying composition. This new area grows with rising temperature 
at the expense of the area representing the tetrahydrate and its equilibrium solutions until 
finally this hydrate is eliminated altogether at some temperature below 50°. 


SUMMARY. 


The existence has been established at 25° of stannous dioxysulphate tetrahydrate, 
and at 50° of the dihydrate (cf. Ditte’s SnSO,,2Sn0,,1-5H,O, J., 1883, 44, 294; and Carson’s 
SnSO,,2-017—2-098Sn0,xH,O, J. Amer. Chem. Soc., 1926, 48, 906), and also of an anhydrous 
stannous monoxysulphate, stable at both temperatures, in agreement with Carson’s isolation 


of this salt. 
The solubility of stannous sulphate in sulphuric acid at 25° and 50° has been determined, 


the results giving no evidence of a hydrated normal sulphate. 


CANTERBURY UNIVERSITY COLLEGE, 


CHRISTCHURCH, NEW ZEALAND. [Received, January 14th, 1935.] 
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297. The Interpretation of the Dissociation Pressures of the Palladium- 
Hydrogen System. 


By Max H. Hey. 


THE author (Min. Mag., 1935, 24, 99) has recently considered the interpretation of the 
water-vapour pressures of the zeolites, a group of hydrated aluminosilicates which are 
capable of losing part or all of their water without breakdown of their crystal structure ; 
since no new solid phase is formed, the system zeolite-water vapour is bivariant. 

It was shown that if a compound of a volatile and a non-volatile component can undergo 
partial or complete dissociation without the appearance of a new solid phase, then the 
following equation holds, provided (i) that the lattice positions occupied by the volatile 
component are all of the same kind, and (ii) that the molecular complexity of the volatile 
component is the same in the solid and the gaseous phase ; the equation was derived by 
equating the number of molecules calculated to be escaping from and condensing on unit 
surface of the crystal in unit time : 


log p = 4-50 + dog T — log x/(1 — x) — Eg{l + f(x)}/RTIn 10 — 2log {1 + 4(x)} + 
log 4*/ RE /ya,DN = 


N and R have their usual significance, x is a constant introduced to correct for certain 
assumptions (in practice, for the zeolites, it proved negligible within the experimental 
error), # is the dissociation pressure in mm. of mercury, T the absolute temperature, 
x the unoccupied fraction of the lattice positions available for the volatile component, 
E the difference between the activation energies of dissociation and recombination, in 
cals. per g.-mol. of volatile component, D the mean distance between lattice positions 
for the volatile component, and a the “ condensation area,” 7.e., the difference between 
the cross-section of a molecule of the volatile component and of the channels along which 
these molecules migrate. Both E and a often vary considerably with x, owing to lattice 
shrinkage, and the unknown functions f(x) and ¢(x) express this variation, E, and a, being 
the values of E and a when x = 0. 

It was found for the zeolites that E is often a linear function of x, and that if the lattice- 
shrinkage is a linear function of x (as is often the case), {1 + ¢(x)} is adequately expressed 
by {1 — x(r) — 7,)/(% — e)}, where 7 is the effective radius of the channels along which 
the volatile component has to pass in its migration, and becomes 7, and 7, at complete 
hydration and complete dehydration respectively ; p is the effective radius of the molecule 
of the volatile component. In the above formula, a) and D must refer to the same crystallo- 
graphic direction; both will vary with direction in the crystal, but their product does not. 

The above equation adequately explained the vapour-pressure phenomena shown 
by the zeolites, and it seemed desirable to test it with other systems. It was found to 
apply to the absorption by dehydrated zeolites of other vapours (loc. cit.), to the equilibrium 
of ealcium sulphate hemihydrate, and to the compounds of potassium benzenesulphonate 
with several vapours; and its application to the palladium—hydrogen system is now 
described. 

This system has been the subject of numerous studies, but the results are discordant, 
probably owing, at least in part, to the autocatalytic nature of the reaction in any one 
metal grain, which renders the attainment of true equilibrium difficult, especially in a 
series of experiments with increasing hydrogen content (Ubbelohde, Trans. Faraday Soc., 
1932, 18, 275). The several sets of experimental data are in general agreement as to the 
approximate character of the equilibrium curves, but they differ widely as to the actual 
values of the dissociation pressures. The probable relative accuracy of the several sets 
of data cannot be discussed here, but probably none of them strictly represents true 
equilibria, and slight impurities in the palladium used might account, in part, for the 
discrepancies. For comparison with the proposed equation, each worker’s data have 
been considered separately, and only a few series of experiments with increasing hydrogen 
content have been rejected. 
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There is adequate evidence that the hydrogen is present in the atomic state (idem, 
ibid.) and is accommodated in the interstices of the metal lattice. It is still uncertain 
whether there is one solid phase or two, but, as Ubbelohde points out (loc. cit., p. 291, 
footnote), the only evidence in favour of two phases (Linde and Borelius, Ann. Physik, 
1927, 84, 747) must_be discounted in view of the autocatalytic nature of the absorption 
in any one metal grain and the slow attainment of the final equilibrium, and the same 
considerations apply to the work of Mundt (zbid., 1934, 19, 721) on palladium-gold— 
hydrogen alloys. Since it is agreed that the metal atoms remain on a face-centred cubic 
lattice throughout, it appears reasonable to attempt the interpretation of the dissociation 
pressures, in the first place, on the assumption that no second phase is formed. 

In the close-packed palladium lattice, the cell-side of which is 3-888 A. for the pure 
metal, the cavities between the metal atoms form a second face-centred lattice, and have 
a radius of 0-57 A., but the channels connecting one cavity with another are very narrow, 
and it is clear that hydrogen atoms (radius 0-55 A.; Bohr, Phil M. ag., 1913, 26, 476) cannot 
migrate as such within the structure. There is evidence, however, that the hydrogen is 
partly ionised (Coehn and Specht, Z. Physik, 1930, 62, 1), and protons could migrate 
readily. The mechanism of migration within the crystal is not, however, of importance 
for the calculation of the dissociation pressure, and it is highly probable that the radius 
of the cavities (which increases with the marked lattice-expansion consequent on the 
absorption of hydrogen) will, in conjunction with the radius of the hydrogen atom, control 
the ‘‘ condensation area,” a. 

It has usually been supposed that the composition Pd,H has a special significance ; 
indeed, it is often regarded as the true limiting composition of the alloys, any hydrogen 
in excess of this amount being regarded as adsorbed, or, still more vaguely, as “ loosely 
held.” It has been repeatedly shown, however, that the composition above which extra 
hydrogen is “‘ loosely held ” is actually nearer PdH,.;;. Further, unless evidence can be 
brought that the true unit cell of palladium—hydrogen alloys is a multiple of that of 
palladium, the limiting composition must be PdH, for the minimum number of lattice 
positions in any one set in a close-packed cubic structure is 4. There is no evidence of 
a multiple cell, and it appears legitimate to make a first attempt at interpretation by 

assuming this limiting composition. If Duhm’s estimate (Z. Physik, 1935, 94, 435) of 
the degree of ionisation of the hydrogen is correct, the hydrogen must be lodged in the 
large cavities, and the structure will be a sodium chloride type; but if the hydrogen is 
almost or quite completely ionised, as has been suggested, other structures are possible. 

Now, in true equilibrium, the above equation must hold for the minute partial pressure 
of atomic hydrogen in the gas; assuming for the dissociation equation of hydrogen 


log [Hg] = 2log [H] + g/RTIn 10 — 1-50log T — 3-66 
[H,] and [H] being in mm. Hg, we have for the palladium-—hydrogen system 


log p = 8-27 + 2log 4V RE |ya,DN4/x — log T — 2log x/(1 — x) — 4log {1 + 4(x)} — 
(2E, — 9){1 + f(x)}/RTIn 10 


Here #, the partial pressure of hydrogen molecules, is practically equal to the total pressure ; 
and q is the molecular heat of dissociation of hydrogen. The proportion of hydrogen 
lattice positions occupied is taken as (1 — x), to conform to the convention used for the 
zeolites. 

If the lattice expansion on absorption of hydrogen is assumed to be proportional to 
the hydrogen absorbed (as appears probable from the data of Linde and Borelius, oc. cit., 
on electrolytically prepared alloys), ao{1 + ¢(x)}* may be replaced by 


a,{l + (1 — x)(% — 7;)/("1 — ©), 


where a, is the value of a for pure palladium (x = 1), and r and ¢ are defined as above; 
the experimental data are not adequate definitely to confirm or disprove this assumption. 

Hoitsema’s data (Z. physikal. Chem., 1895, 17, 1) were considered first because 
they are the most numerous. From them the values of the constants were deduced 
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as (%9 — 73)/(%, — e) = 12 approx. and C’ (= log 4\/ RE, /ya,DN Vx) = 1:89, while (2E — q) 
varies with x in a non-linear manner, as shown in curve I in the figure. In order to 
show the agreement of the calculated and the observed results in the minimum of space, 
values of (2E — q) were calculated from each observed pressure and the other two con- 
stants, and these are plotted as dots in the figure. 

The descending isotherms of Lambert and Gates (Proc. Roy. Soc., 1925, 108, A, 456) 
are not suitable for accurate computation, since there is only one complete and two partial 
isotherms, so that, however accurate the data may be in themselves, it is not possible 
to derive accurate constants from them. If it is assumed that the variation of 2E — g¢ 
with x is negligible for hydrogen contents below PdHy.;, (% — 73)/(7; — e) is again ap- 
proximately 12. This value being accepted, C’ = 2-16, and 2E — q varies with x as shown 


Dissociation fraction, x. 
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in curve II in the figure; again, values of 2E — q calculated from each observed pressure 
and the other two constants are plotted for comparison, as crosses. 

Gillespie and Hall’s data (J. Amer. Chem. Soc., 1926, 48, 1207) proved too erratic to 
fix (79 — 7,)/(r,; — e) unambiguously ; if this is assumed to be 12, however, C’ = 1-95, and 
the 2E — gq values plotted as circles in the figure are obtained; through these, the smooth 
curve III is drawn. Ipatieff and Tronow’s high-pressure data (J. Physical Chem., 1934, 
38, 623) are still more erratic; assuming (7% — 7,)/(7; — pe) = 12 and C’ = 2-16, 2E —q 
can be computed for each observation, and these results are plotted as triangles, erratically 
distributed about the smooth curve IV. 

By assuming (r, — 7,)/(7; — e) = 12 and C’ = 1-89, reasonable values of 2E — 4 
(squares in fig.) are calculated from Dewar’s three observations (P., 1897, 13, 192). On 
the other hand, Sieverts’s data (Z. physikal. Chem., 1914, 88, 103, 451) lead to completely 
different constants. The probable explanation is that, at the very low hydrogen contents 
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and high temperatures of these experiments, an appreciable part, if not most, of the hydrogen 
is adsorbed on the surface of the metal, but further study is necessary in this field before 
any definite conclusion can be reached. 

Hence, the proposed equation is capable of explaining all the sets of experimental 
data if appropriate constants are used; which data (and constants) are correct can only 
be shown by further experiment. Moreover, all the values of 2E — q found are in fair 
agreement with the calorimetric value of the heat of combination (Mond, Ramsay, and 
Shields, Proc. Roy. Soc., 1893, 62, 290), viz., 8740 cals. per g.-mol. of hydrogen at 0° for 
the range Pd to PdHp.;, as will be seen from the table. 

It was seen above that (7) — 7,)/(7, — e) is best taken as 12, while 7, is 0-57 A.; if 
(79 — 7;) is known, pe can be calculated approximately. Unfortunately, most of the 
lattice-expansions given in the literature are useless, since the authors have assumed the 
composition of the alloy examined (Thoma, Z. phystkal. Chem., 1889, 3, 69; Yamada, 
Phil. Mag., 1923, 45, 241; McKeehan, Physical Rev., 1923, 21, 334; Hanawalt, zbid., 
1929, 33, 444). Only Linde and Borelius (/oc. cit.) worked with material of known com- 
position, and their results for electrolytically prepared alloys may probably be accepted 
as accurate; an expansion proportional to the hydrogen content was observed, and leads 
on extrapolation to 4-093 A. for the cell side of PdH, or (ry, — 7,) = 0-102 A. Hence 
r, — 9 = 0-008 A., giving 0-562 A. for the radius of the hydrogen atom. 

For the zeolites it proved possible to compute a by assuming for x the probable value 
of unity. For the palladium—hydrogen system, it is by no means so certain that x ap- 
proximates closely to 1, so that a cannot be calculated with any accuracy; some of the 
other assumptions involved in the derivation of the equation and in its application to 
the experimental data are also likely to vitiate the calculation of a. It has, however, 


been made for each value of log 4*\/RE,/xa,DN*/x(= C’), on the assumption that x = 1, 
and the results are included in the table. All are certainly much too high; if 7; — ep = 
0-008 A., as deduced above, a should be 0-0002 sq. A. How far this discrepancy arises 
from the imperfections of the equation itself, and how far from inaccuracies in the experi- 
mental data or approximations made in the application of the equation to the data remains 
uncertain. The calculations of a were made by taking the heat of dissociation of hydrogen, 
qg, as 10-3 x 10* cals. per g.-mol. (Bodenstein and Jung, Z. physikal. Chem., 1926, 121, 
127), which leads to the several values of E,, the net activation energy of the hydrogen 
absorption process for pure palladium and atomic hydrogen, shown in the table. 

It is not at all clear what significance is to be attached to the sudden fall in E at hydrogen 
contents greater than about PdHp.;5, shown in curves I, II, and III; it may possibly in- 
dicate that, contrary to the assumption made above, a second phase is formed, the transition 
line falling at compositions slightly richer in hydrogen than PdH,.; for all temperatures, 
at least up to about 200°; or it may indicate that the hydrogen really occupies more than 
one set of equivalent lattice positions, which would involve a larger unit cell in the alloys 
than in pure palladium; or, again, it may be that the assumption of a linear relation 
between the lattice expansion and the hydrogen content is not correct, and that with a 
proper choice of the function ¢(x), a smoother curve for E would result; or the fall may be 
a real physical phenomenon. The experimental data are not adequate to decide which 
of these possibilities is correct, but several unsuccessful attempts were made to reach 
interpretations on the first three assumptions. 


Dissociation constants for the palladium-—hydrogen system, calculated from the available 
data. 
(% iv, —p).  C’. E,, kg.-cals. a,sq. A. Q,t kg.-cals. 
Hoitsema 1°89 56°1 . 8°32 
Lambert & Gates 2°16 56°5 r 9°52 
Gillespie & Hall 1°95 56°0 . 8°43 
Ipatieff & Tronow 2°16* 56°6 ° 9°20 
1°89* — 8-0f 


+t Heat of reaction per g.-mol. H, at 0°, over the range Pd to PdH,.;. 
{t Heat of reaction at a composition about PdH,... 
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SUMMARY. 

An equation developed from simple kinetic theory is shown to give a reasonably satis- 
factory account of the dissociation pressures of the palladium—hydrogen system, on the 
assumption that there is only one phase present throughout. The limiting composition 
of the system is PdH, which possibly has sodium chloride type structure. The equation 
is probably a first approximation to the truth. 


British Museum (NATURAL History), Lonpon, S.W. 7. (Received, January 28th, 1935.] 





298. Lower Oxides and Sulphates of Iodine. 
By Rama K. Bau and JAMES R. PARTINGTON. 
Iodine Dioxide. 


MILLon (Ann. Chim. Phys., 1844, 12, 330, 345, 353; J. pr. Chem., 1845, 34, 321) described 
the preparation of iodine dioxide (1) by the action of very concentrated nitric acid on 
iodine and (2) by the action of hot concentrated sulphuric acid on iodic acid. Kammerer 
(J. pr. Chem., 1861, 83, 65, 72) claims to have repeated the preparation by Millon’s first 
method and to have obtained an oxide, I,0,3, by passing sulphur dioxide over iodic acid 
at 100° and washing the product with water and alcohol. Kappeler (Ber., 1911, 44, 3496) 
prepared iodine dioxide by Millon’s second method and showed that 1,0, is identical with 
iodine dioxide. We find that the product of reaction of iodine and cold nitric acid of d 
1-5 is almost exclusively iodine pentoxide, a result which agrees with that of Guichard 
(Compt. rend., 1909, 148, 923; Bull. Soc. chim., 1909, 5, 86), who obtained a better yield 
by using nitric anhydride. His observation that the partially decomposed iodine pentoxide 
turns brown and that the brown colour is not removed by an organic solvent, has also 
been confirmed. 

Iodine dioxide is, however, obtained by Millon’s second method, as stated by Muir 
(J., 1909, 95, 656) and by Kappeler (loc. cit.). 


Experimental. 


1. The Action of Nitric Acid on Iodine.—Iodine dissolves in cold nitric acid (d 1-40), giving 
a brown coloration, but no solid product is obtained after a fortnight. On heating, the solution 
obtained is deep brown and unusual needle-like crystals of iodine are deposited on cooling; 
these were found in three specimens to contain 99-85, 99-93, and 99-15% of iodine. 

When fuming nitric acid (d 1-5) and powdered iodine are triturated for about 10 minutes, 
a voluminous yellow powder is obtained, which on drying becomes brown and retains its colour 
on washing with carbon tetrachloride. The solid readily absorbs moisture, and the brown 
colour deepens. When washed alternately with water and alcohol, the solid disappears without 
residue, although Millon states that iodine dioxide is left behind on such treatment. 

Iodine was determined by reduction with sulphur dioxide and precipitation of silver iodide 
in the presence of nitric acid. 


Sample. Mode of drying the sample. Time, hours. Iodine % (experimental). 


A Over solid KOH and CaCl 36 75°99 
B “ 72 75°61 
C 2» 72 76°12 
D Over solid KOH and CaCl, 
. in vacuum desiccator 16 75°29 
E - 24 75°68 
F Dried at 85° —_ 75°54 
Oxygen values were determined as described (J., 1934, 1088). Found in samples A—F, 
23-38, 23-40, 23-84, 23-72, 23-58, 23-82. 
These results show that the product is mainly iodine pentoxide (Calc.: I, 76-04; 
O, 23-96%), a small amount of iodic acid being probably also present. 
2. The Action of Hot Concentrated Sulphuric Acid on Iodic Acid.—Iodine dioxide was obtained 
by the process described by Muir (/oc. cit.), one-tenth of the quantities he specifies being used. 
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The final drying was carried out on a porous plate over lime at room temperature, and not at 
100° as Muir recommends, since some decomposition occurred at this temperature. 

Percentages of iodine in four samples were 79-11, 78-87, 79-32, 79-04 (Calc. for I,0,, 79-87). 
Oxygen values were 20-12, 19-96, 20-17 (Calc. for I,0,, 20-13). The formula was confirmed 
by determining the amount of iodine as iodate produced on dissolving the oxide in hot water, 
boiling off the free iodine, reducing with sulphur dioxide, and determining iodide as silver 
iodide in presence of nitric acid. Free iodine was found by difference. Oxygen values calculated 
from the iodate results were in agreement with those obtained by direct experiment. 


Analysis. 
‘ II. 


08 79°08 
63°54 


Total iodine 
64 

44 15°54 
04 

2 


7 

Todine as iodate 6 

Free iodine 1 

Oxygen value calculated from iodate result 20 20°01 
Oxygen value observed 20°20 19°96 
Ratio of free iodine : iodine as iodate 1: 4:12 1: 4:08 


Calc. ratio for I,O, 1:4 


Iodine dioxide is a yellow granular powder which does not absorb moisture, is only very 
slightly soluble in cold water, but dissolves in hot water, forming iodic acid and iodine. With 
hydrochloric acid it evolves chlorine and gives a yellow solution owing to the formation of iodine 
monochloride: I,0, + 8HCl = 2ICl + 3Cl, + 4H,O. 

With concentrated aqueous ammonia, the solid reacts with effervescence and becomes 
black from the formation of nitrogen iodide. This behaviour is regarded as characteristic of 
iodine in a state of oxidation lower than quinquevalent. The black solid, like nitrogen iodide, 
dissolves in excess of aqueous ammonia, on warming, to a practically colourless solution. 

3. Action of Heat on Iodine Dioxide.—Iodine dioxide decomposes slowly at 85° but more 
rapidly at about 130°. Known amounts (0-13—0-33 g.) were heated at 110°, 125°, and 130° 
respectively in an open weighing bottle. When the weight became constant (after about 
4 hours), the percentage loss found with three specimens was 16-40, 16-03, and 15-93. The 
residue was light brown and absorbed moisture with darkening in colour, was soluble in water, 
and analysis showed that it was largely iodine pentoxide. Iodine in four samples was 75-75, 
75-86, 76-03, 75-59% (Calc. for I,0;, 76-04). Oxygen values in three specimens were 22-80, 
21-68, and 22-76% (Calc. for I,0,, 23-96). 

These results indicate that decomposition occurs according to the equation: 51,0, = 
41,0, + I,, and not into iodine and oxygen as stated by Muir. The percentage loss of iodine 
according to the equation is 15-97, which agrees with that found. 


Sulphates of Iodine. 

Millon (/occ. cit.) claims to have prepared as intermediate products in the action of hot 
concentrated sulphuric acid on iodic acid the compounds (a) 41,0;,1,0,,S03,H,O; (0) 
21,0;,1,0,,503,H,O and (c) I1,0,4,2(SO,,H,O). Oxygen and sulphate values were deter- 
mined. Chrétien (Compt. rend., 1896, 123, 814) describes a sulphate, («) I,03,50,,4H,O, 
or (I0),SO,,4H,O, obtained by dissolving iodine in a hot solution of iodic acid in concen- 
trated sulphuric acid, and also by heating a mixture of iodic acid and concentrated sulphuric 
acid until abundant vapours of iodine are evolved for some time. He states that when 
this solution is kept over concentrated sulphuric acid, it begins to crystallise after some 
days, and the crystals continue to deposit for some months. Besides this sulphate, 
Chrétien (Ann. Chim. Phys., 1898, 15, 367) describes: (8) 2SO3,2H,0,31,0,; and (y) 
2S0;,2H,0,21,0,,1,0,;. From the ratio of free iodine to iodine as iodate, the oxide of 
iodine in combination with sulphuric acid was deduced. Kappeler (Ber., 1911, 44, 3501) 
made no analyses, but considered that Chrétien’s sulphate («) was the intermediate product 
in the formation of I,0,, the latter being produced from it by reaction with iodic acid : 
(I0),SO, + 2HIO, = 2(10)IO, + H,SO,. We have further studied the intermediate 
sulphate produced in Muir’s method and find that its composition can be represented as 
that of a mixture of approximately equimolecular quantities of the compounds I,03,H,SO, 
and I,0,,H,SO,. We have been unable to prepare Chrétien’s compound (a) by his method. 
Our analysis showed that the product was probably I,0;,H,SO, containing some 
1,04,H_SO,. 


I 
9- 
3° 
5° 
‘0° 





Bahl and Partington : 


Experimental. 


The intermediate product obtained in Muir’s method from 6 g. of iodic acid and 20 g. of 
sulphuric acid was kept on a porous plate over sulphuric acid in a desiccator. It was a yellow 
crystalline powder or crust. 

Iodine was estimated by dissolving the compound in warm water containing sulphurous 
acid, and precipitating silver iodide in presence of nitric acid. Found in four samples A to D: 
61-13, 60-46, 60-98, 61-79%. 

Sulphate radical was determined by dissolving the powder in hot water and treating the 
solution, containing iodine, iodic acid, and sulphuric acid, with zinc dust and a small amount 
of hydrochloric acid so as to reduce iodine and iodic acid to iodide. The sulphate in the filtrate 
was precipitated as barium sulphate. Found in the samples A to D, 24-09, 25-71, 22-52, 24-32%. 

The oxygen value was determined as before (J., 1934, 1088) and found to be: A, 13-30, 
13-30; B, 14-27; C, 14-35; D, 14-13. 

The values for iodine and sulphate radical agree fairly closely with the formula I,0,,H,SO, 
(Calc. : I, 61-06; SO,, 23-07%), but the oxygen value calculated according to the decomposition : 
21,0,,H,SO, = 2H,SO, + 21, + 40, is 15-38, whilst the experimental values are lower. This 
indicates that some lower oxide of iodine is also present. The ratio of free iodine to iodine as 
iodate was determined as in the case of iodine dioxide. The oxygen value determined was in 


agreement with that calculated from the iodate value. 
C. D. 


Total iodine 60°98 61°79 
Iodine as iodate 44°76 45°96 
Free iodine (by difference) 16°22 15°83 
Oxygen value calculated from iodate 14°13 14°47 
Oxygen value found 14°35 14°13 
Ratio of free iodine : iodine as iodate 1: 2°77 


The calculated ratios for I,0, and I,O, are 1: 4and 1: 1-5, respectively, so that the observed 
value corresponds with I,0, + I,O,, viz., 1: 2-75. 

The results can be explained if the intermediate product is a mixture of approximately 
equimolecular quantities of 1,0,,H,SO, and I,0,,H,SO,. 

The empirical formula calculated from the mean percentages of iodine, sulphuric acid, 
and available oxygen (I, 61:09; H,SO,, 24-65; O, 14-01) is 1,0,,2H,SO,, viz., 1,03,1,04,2H,SO,. 

We suppose that the two sulphates, I,0;,H,SO, and 1,0,,H,SO,, in the mixture behave 
differently on washing with water. With I,0,,H,SO,, sulphuric acid is washed away, leaving 
I,O, : 

1,0,,H,SO, = 1,0, + H,SO,; 


whilst in the case of I,03,H,SO,, reaction occurs with some iodic acid produced by reaction with 
water, as suggested by Kappeler (/oc. cit.) for the compound (IO),SO, : 


1,0;,H,SO, a 2HIO, => 21,0, ote H,SO, + H,O. 


We have attempted without success to prepare Chrétien’s sulphate I,0,,S0,,}H,O. Sample 
A was prepared by heating together iodic acid and concentrated sulphuric acid, and samples 
B and C by dissolving iodine in a hot solution of iodic acid in concentrated sulphuric acid, in 
all cases till abundant iodine vapours were given out for some time. The products were dried 
and analysed as before. 


A. B. Cc: 
Total iodine 62°74 62°04 62°04 
Iodine as iodate 39°01 38°79 38°50 
Free iodine 23°73 23°25 23°54 
Oxygen value calculated from iodate 12°30 12°21 12°13 
Oxygen value found 12°30 12°33 — 
Ratio of free iodine : iodine as iodate 1: 1°65 1: 1°635 


The calculated ratios for 1,0, and I,O, are 1: 1-5 and 1: 4, hence the sulphate produced 
appears to consist mainly of I,0;,H,SO, containing a small amount of I,0,,H,SO,. 

Sample B appears to contain some free sulphuric acid. The complete analyses of A and 
B are: total I, 62-74 (A), 62-04 (B); H,SO,, 24-91 (A), 26-77 (B); O value, 12-30 (A), 12-13 
(B); total, 99-95 (A), 100-94 (B). 

The empirical formula for A corresponds with I,.9,0;,H,SO,, 7.e., approximately with 
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1,03,H,SO, (Calc. : I, 63-50; H,SO,, 24-50; O, 12-00%). The composition of sample B also 
agrees with the formula I,0;,H,SO,, but it contained a little free sulphuric acid. 

These results indicate that the sulphate is I,0,,H,SO, and not, as found by Chrétien, 
1,0;,SO03,4H,O. It has been shown above that the intermediate product of the action of hot 
concentrated sulphuric acid on iodic acid consists of a mixture of I1,0,,H,SO, and I,0,,H,SO,, 
and the assumption that I,0,,SO,,4H,O is the only intermediate product is erroneous. The 
action of hot concentrated sulphuric acid on iodic acid may be represented by the following 
equations : 

2HIO, = I,0; + H,O; 21,0; + 2H,SO, = 21,0,,H,SO, + O,; 21,0,,H,SO, = 
21,0;,H,SO, + O,. 

On further heating, the oxide of iodine decomposes to give iodine vapour and oxygen. 

The sulphates of iodine are yellow hygroscopic solids which turn dark in colour on absorbing 
moisture. They are insoluble in cold water, but dissolve in hot water, giving iodic acid, iodine 
and sulphuric acid. 


The Action of Ozonised Oxygen on Iodine. 

Andrews and Tait (Proc. Roy. Soc., 1859, 9, 606; Phil. Trans., 1860, 150, 113) found 
that ozonised oxygen reacts with iodine at room temperature to give a greyish-yellow 
powder, the ozone being destroyed without change in volume of the gas. According to 
Ogier (Compt. rend., 1877, 85, 957) the substance formed by passing ozonised oxygen over 
iodine at 40—50° is I,O, (ratio of oxygen to iodine in three samples was 5-27, 5-52, 5-25; 
calc. for I,03, 5-29). Ogier (Compt. rend., 1878, 86, 722) passed an electric silent discharge 
continuously through a tube containing a mixture of oxygen and iodine vapour. He 
states that in the lowest part of the tube the oxide I,0, was deposited, followed in succession 
by iodine dioxide, I,0,, iodic anhydride, I,0,, and periodic anhydride, I,0,. Only the 
last supposed compound, described as a white powder, was analysed, the ratio of oxygen 
to iodine being given as 2-20, 2-30, and 2-21 in three samples (calc. for I,0,, 2-26). Fichter 
and Rohner (Ber., 1909, 42, 4093), by bubbling oxygen containing 8% of ozone through a 
saturated solution of iodine in chloroform, and also by treating dry iodine with ozonised 
oxygen at 40—50°, obtained a product the analyses of which agreed with the formula 


I,0,, which they regarded as an iodate of tervalent iodine, I(10,)5. This began to lose 
iodine at 75° and decomposed rapidly at 120—130°. Beger (Chem. Zig., 1909, 33, 1232) 
prepared the compound by the action of ozonised oxygen on iodine at 40—60°, and his 
analyses agree with the formula 1,0, (Found: I, 78-0, 77-9, 77-8. Calc. for 1,0,: I, 77-9%). 

In view of the discrepancies in the literature, further experiments appeared to be 
desirable, and these have disclosed some new features of the reaction. 


Experimental. 


1. Action of Ozonised Oxygen on Iodine.—When ozonised oxygen containing about 10% 
of ozone is passed through a concentrated solution of iodine in carbon tetrachloride, reaction 
is apparent after about 2 hours. The action, however, does not occur in the solution itself, 
but at the surface, where iodine vapour reacts with ozone to give a yellow solid which slowly 
falls into the solution, so that it might be supposed that the solid was deposited from the solution. 

This method of preparation, described by Fichter and Rohner, is neither convenient nor 
rapid. 

The first method used by Ogier, when slightly modified, was found most suitable. Ozonised 
oxygen containing 8—10% by volume of ozone was passed through a U-tube with bulbs con- 
taining iodine which was warmed. The iodine vapour reacted with ozone with the production 
of yellowish vapours, which were passed through a tube packed with previously washed and 
dried glass wool. The yellow product collected on the glass wool was analysed. Iodine was 
found by dissolving the oxide in water, with which it reacts to give free iodine and iodic acid. 
The solution was reduced with sulphur dioxide, and the iodine weighed as silver iodide. 


Sample. Amount of product, g. Silver iodide formed, g. Iodine % (experimental). 
A 0:0928 0°1350 78°60 
B 0°0400 0°0584 77°77 
Cc 0°0468 0°0684 78°07 
D 0°0552 0:0798 78°12 


Oxygen values were determined as previously described (J., 1934, 1088). 
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Amount of Oxygen evolved Wt. of Oxygen % 
Sample. product, g. at S.T.P., c.c. oxygen, g. (experimental). 
A 0°0587 9°12 0°01303 22°19 
B 0°0506 7°49 0°01070 21°14 
Cc 0°0332 5°08 0:00726 21°85 


These results show that the compound formed is I,O, (Calc. : I, 77-91; O, 22-09%). 

In order to eliminate the possibility that traces of oxides of nitrogen present in the ozonised 
oxygen (produced from the small amount of nitrogen present in the cylinder oxygen) might 
play some part in the oxidation of iodine, an experiment was made with ozonised electrolytic 
oxygen (free from nitrogen). The same yellow product was obtained, containing 76-76% of 
iodine. 

2. Properties of 1s0,.—I,O, is alight yellow, granular powder which (unlike I,O,) is extremely 
hygroscopic. It turns brown on absorption of moisture with liberation of iodine, and with 
water gives a brown solution containing iodine and iodic acid. On treatment with hydrochloric 
acid, the oxide evolves chlorine and a yellow solution is obtained containing iodine chloride. 
On treatment with ammonia, nitrogen iodide is formed. The oxide begins to decompose at 
75°, more rapidly at higher temperatures. Iodine vapours are evolved and the residue is brown. 
The oxide collected on glass wool was heated at 85° and 120°. The loss of weight was almost 
constant. The deep brown colour due to iodine in the residue was removed after prolonged 
heating. , 

‘ Time of Amount of Amount of Loss of Loss % 
Sample. heating, hrs. sample, g. residue, g. wt., g. (experimental). 


20 0°0644 0°0524 00120 18°63 (heated for a 
short time) 

48 0°0719 0°0545 0°0174 24°20 

63 0°1044 0°0842 0°0202 19°46 (?) 

48 0°0358 0°0274 0°0084 23°49 

48 0-0606 0°0464 0°0142 23°43 

72 00606 0°0458 0°0148 24°32 


The percentages of iodine in the residue were 77-01, 76-45, 76-16, and 76-46, which correspond 
with iodine pentoxide (calc., 76-05). The higher value in the first sample is due to incomplete 


expulsion of iodine. 

From the percentage of loss at 85° and 120°, it appears that decomposition occurs according 
to the equation: 41,0, = 61,0, + 21, + 30,, for which the calculated loss is 23-07%. 

3. Action of Water on 1,0,.—Fichter and Rohner (loc. cit.) found the ratio of free iodine to 
iodine as iodate in the aqueous solution of I,0, to be 1 : 11-5 in one case and 1 : 14 in the other; 
the value expected according to the equation 51,0, + 9H,O = 18HIO, + I, is 1:9. The 
high results are explained by the assumption that the oxide prepared by the action of ozonised 
oxygen on iodine dissolved in carbon tetrachloride contains free iodic acid produced by moisture 
which entered during the experiment. The ratio for the oxide prepared by the action of ozonised 
oxygen on iodine was 1 : 6-5 and this low value is explained as due to the presence of free iodine. 
In our experiments the iodine as iodate was found by dissolving the compound in water and 
then boiling off the free iodine produced. Iodic acid in the solution was reduced with sulphur 
dioxide, and the iodine estimated as silver iodide. Free iodine was found by difference. 


I. II. III. IV. Vv. VI. VII. 
Total iodine 77°91 — — _ 
Iodine as iodate 67°59 69°71 68°77 68°23 69°52 
Free iodine 10°32 8°20 9°14 9°68 8°39 
Oxygen value calcul- 
ated from iodate... 21°28 21:96 21°65 21°49 21°89 
Oxygen. value found 21°72 —_ — _ — 
Ratio of free 
iodine : iodine as 
iodate 1: 6°62 1: 8°37 1: 7°59 1: 7°05 1: 6°97 1: 8°28 
Although these values are better than those obtained by Fichter and Rohner, the experi- 
mental iodic iodine values are lower than that (70-12%) calculated from the equation 51,0, +- 
9H,O = 18HIO, + I,. The reaction may be formulated in three stages : 


(i) 31(10,), + 9H,O = 31(OH), + 9HIO,. (ii) 31(OH),; = 2HIO, + HI. 

(iii) 5HI + HIO, = 3H,O + 3I,. ‘ 
The reaction equation was confirmed by determining the amount of free iodine produced, 
by extraction by carbon tetrachloride. To the solution in carbon tetrachloride, concentrated 
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potassium iodide solution was added, and the iodine titrated with thiosulphate. The per- 
centages found in four samples were 9-10, 8-52, 8-40, 8-48 (calc., 7-79). 


SUMMARY. 


Iodine pentoxide (not dioxide) is the product of reaction between concentrated nitric 
acid (d 1-50) and iodine. Iodine dioxide is produced by the action of hot concentrated 
sulphuric acid on iodic acid, as described by Muir, but the final drying of the compound 
is best effected at room temperature and at atmospheric pressure in a desiccator containing 
lime. The oxide I,O, is not hygroscopic. The decomposition at 110°, 125°, and 130° 
takes place according to the equation: 51,0, = 41,0; + I,. 

By heating iodic acid with concentrated sulphuric acid, a mixture of equimolecular 
quantities of I,0,,H,SO, and I,0;,H,SO, is obtained. On dissolving iodine in a hot 
solution of iodic acid in concentrated sulphuric acid, and also by heating a mixture of 
iodic acid and concentrated sulphuric acid till iodine is evolved, a sulphate of the com- 
position I,03,H,SO,, with a small amount of I,0,,H,SO,, is obtained. Chrétien’s sulphate, 
I,03,503,4H,O, could not be obtained. 

By passing ozonised oxygen over gently heated iodine, reaction occurs in the vapour 
phase and a yellow product of the composition 1,0, is obtained. This is very hygroscopic. 
It begins to decompose at 75°, and decomposition at 85° and 120° proceeds according to 
the equation: 41,0, = 61,0, + 21, + 30,. 


One author (R. K. B.) thanks the Punjab Government (India) for having granted him leave 
which enabled him to participate in the work, and both authors thank the Chemical Society 
for a research grant. 
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By WILFRID J. EVANS and SAMUEL SMILES. 


PREVIOUS experiments {this vol., p. 181) showed that rearrangement of sulphides of type 
(I) leads to thiols of type (II). The thiol obtained from the acetyl derivative (I; R = Me) 
behaved as a pseudo-base, and with hydrochloric or perchloric acid yielded salts to which 
the structure (III) was assigned. Confirmation of this view has now been obtained from 
the conversion of (III) by usual methods into the thiocarbocyanine iodide (IV; X = I). 
Since the formation of stabie thiazolinium salts containing the N-o-nitrophenyl group was 
unexpected, the behaviour of other thiols of type (II) has been examined. 

In thiols derived from type (II; R = Me) by replacement of 2-nitrophenyl by 4-chloro- 
2-nitrophenyl or 2 : 4-dinitrophenyl, the function of pseudo-base is suppressed; no stable 
salts of type (III) have been obtained from them. On the other hand, mononitrophenyl 
derivatives such as (II; R= Ph or CHPh‘CH) readily yielded salts of type (III), the 
phenyl compound being converted into the thiol by alkaline agents. 


S:C,H,NO, SH S 
fi JN 
COR CoH CCHCHCHC Call 
Z, 

NH-COR N-COR N/ x \f/x Y 


I t U 
C,H, NO, C,H, NO, C,H, NO, C,H,'NO, 
(I.) (II.) (III.) (IV.) 

The thiols derived from 4-chloro-2-nitro- or 2 : 4-dinitro-N-acetyldiphenylamine (as 
II) are easily attacked by warm alkaline media, the first thiol yielding a chlorothiodiphenyl- 
amine evidently of structure (V). Conversion of 2 : 4-dinitro-2’-acetamidodipheny] sulphide 
(as I; R = Me) into the thiol (as II) by rearrangement has already been demonstrated 
by isolation of the methyl ether of the latter (this vol., p. 187); but attempts to isolate 
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the thiol in a pure condition have not succeeded owing to the ease with which the thiazine 
is formed from it. Proof that the latter has the structure (VI), and is therefore formed 
from the thiol and not from the dinitro-sulphide before rearrangement, is afforded by its 
synthesis from the sulphinic acid (VII) by reduction with hydrogen iodide. This convenient 
method of synthesising derivatives of thiodiphenylamine appears to be capable of wider 
application. The sulphinic acid (VII) also serves as a convenient source of other hetero- 
cyclic “aes e.g., the 1-derivatives of 2-phenylbenzthiazoline dioxide (VIII) are 


SO,H SO, 


OL O00" “oY OO va 


NH-C,H, . 
pi ) (VIL.) (VIL) C,H; 


obtained from it by condensation with aldehydes or ketones. Attempts to convert the 
l-methyl derivative (VIII; R= H, R’ = CH,) by oxidation in acid media into salts 
analogous to (III) (compare Claasz, Ber., 1916, 49, 619) were unsuccessful. 


EXPERIMENTAL. 


2 : 2’-Di-o-nitrophenylthiocarbocyanine Iodide (IV; X=TI).—A solution of the iodide 
(XIV, this vol., p. 187; 5 g.), ethyl orthoformate (2-5 c.c.), acetic anhydride (50 c.c.), and 
pyridine (2-5 c.c.) was boiled (30 mins.) ; more ethyl orthoformate (2-5 c.c.) was added and boiling 
was continued for 1 hr. The iodide separated as purple plates with a metallic lustre, m. p. 269° 
(decomp.) (Found: C, 51:3; H, 3-1; N, 8-4; S, 9-2. C,9H,,0,N,IS, requires C, 51-3; H, 2-8; 
N, 8-3; S, 94%). 

2-0-Nitrophenyl-1-phenylthiazolinium Iodide (III; R= Ph; X = 1).—Alcoholic sodium 
hydroxide (N, 1-25 mols.) was slowly added to a boiling solution of the sulphide (I, R = Ph; 
6 g.) in acetone (40 c.c.). After 45 mins.’ boiling, the solution was cooled and diluted, insoluble 
material being then removed. The thiol (II; R = Ph) was isolated from this solution of its 
sodium salt by addition of dilute sulphuric acid; when hydriodic acid (d 1-7) was added to its 
warm solution in acetone, the required iodide separated in yellow plates, m. p. 195° (Found : 
C, 49-9; H, 2-9; N, 6-3. C,,H,,0,N,IS requires C, 49-6; H, 2-8; N, 6-1%). The thiol was 
regenerated from this iodide by warm aqueous sodium hydroxide, and methylation of it in 
alkaline solution yielded the methylthiol previously described (this vol., p. 340). 

2-Nitro-2’-cinnamamidodiphenyl sulphide (I; R = CHPh:CH) was obtained from the amine 
with cinnamoy] chloride in acetone in presence of sodium bicarbonate, and formed needles from 
propyl alcohol, m. p. 132° (Found: C, 66-9; H, 4-4. C,,H,,0,N,S requires C, 67-0; H, 4-3%). 
Rearrangement of this sulphide was effected in the usual manner with hot alcoholic sodium 
hydroxide (N, 1-25 mols.). The thiol formed (II; R = CHPh:CH) was not isolated in the pure 
condition but was characterised by methylation, which furnished 2-cinnamo-o-nitrophenyl- 
amidophenyl methyl sulphide, yellow needles, m. p. 170—171° (Found: C, 67-6; H, 4-9; S, 8-1. 
Cy,H,,0,;N,S requires C, 67-7; H, 4-6; S, 82%), decomposed by warm hydriodic acid into 
methylthiol. 

2-0-Nitrophenyl-1-styrylthiazolinium iodide (III; R= CHPh:CH) was obtained from the 
cinnamoyl derivative of 2-nitro-2’-aminodiphenyl sulphide by the process described in the case 
of the benzoylated amine. It formed yellow plates and had m. p. 225° (decomp.) (Found: 
C, 51-9; N, 5-8. C,,H,,0O,N,IS requires C, 52-0; N, 57%). 

Bis-2-aceto-p-chloro-o-nitrophenylamidophenyl Disulphide.—Rearrangement of 4-chloro-2- 
nitro-2’-acetamidodiphenyl sulphide was effected in boiling acetone in presence of alcoholic 
sodium hydroxide (1 mol.). The thiol was isolated as usual, but was not obtained in the pure 
condition owing to rapid conversion into the disulphide, which had m. p. 187—188° (Found : 
C, 52-1; S, 9-7; M, 641. C,,H, O,N,CI1,S, requires C, 52-2; S, 99%; M, 643). 

3-Chlorothiodiphenylamine (V) was formed when a solution of the above thiol in acetone 
containing alcoholic sodium hydroxide was boiled; it was also obtained, together with the 
thiol, from the product of rearrangement of the chloro-nitro-sulphide. From propyl alcohol, 
it formed needles, m. p. 199° (Found : N, 6-1; Cl, 15-5. C,,H,NCIS requires N, 6-0; Cl, 15-2%). 

3-Nitro-N-acetylthiodiphenylamine was formed in boiling (30 mins.) acetone (100 c.c.) which 
contained 2: 4-dinitro-2’-acetamidodiphenyl sulphide (10 g.) and alcoholic sodium hydroxide 
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(1 mol.). Part of the solvent was removed, and the required product separated from the cooled 
residue. It formed yellow plates from alcohol, m. p. 146° (Found: C, 58-9; N, 10-0. 
C,4HyO3N,S requires C, 58-7; N, 98%). 

3-Nitrothiodiphenylamine (VI) was obtained (a) by hydrolysis of the above acetyl derivatives 
with alcoholic sodium hydroxide, (b) by adding hydriodic acid to a warm aqueous solution of 
4-nitrodiphenylamine-2-sulphinic acid (VII) containing sulphurous acid. The impure material 
which separated was treated successively with aqueous sodium thiosulphate, alcohol, and 
warm benzene. The residue after purification from hot xylene had m. p. 218°, not depressed 
by admixture with a sample obtained from process (a). Kehrmann and Nossenko (Ber., 1913, 
46, 2809) give m. p. 218° (Found: N, 11-2. Calc.: N, 11-5%). 

4-Nitro-2-methanesulphonyldiphenylamine (as VII).—Sodium 4-nitrodiphenylamine-2-sulphon- 
ate (100 g.) was converted into the chloride by reaction with phosphorus pentachloride 
(200 g.). When the product was shaken (1-5 hrs.) with a weakly alkaline solution (250 c.c.) 
of sodium sulphite (200 g.), the required sodium sulphinate separated (60 g.). The unstable 
sulphinic acid was characterised as the methylsulphone, which formed yellow needles, m. p. 
170—171°, from acetic acid (Found: C, 53-5; H, 4-3; N, 9-6; S, 10-8. C,,;H,,0,N,S requires 
C, 53-4; H, 4-1; N, 9-6; S, 11-0%). 

The preparation of the following derivatives of 2-phenylbenzthiazoline dioxide was effected 
by warming a solution of the sulphinic acid (VII) in the requisite aldehyde or ketone. The 
required product separated after the solvent had been partly evaporated. 5-Nitro-2-phenyl- 
benzthiazoline S-dioxide (VIII; R, R’ = H, H), from methylal and the sulphinic acid, formed 
yellow prisms from alcohol, m. p. 147° (Found : C, 53-6; N, 9-7. C,3H,9O,N,S requires C, 53-8; 
N, 9-7%); the 1-methyl homologue (VIII; R = H, R’ = CH,), from acetal and the sulphinic 
acid, had m. p. 150° (Found: C, 55-4; N, 9-2; S, 10-3. C,,H,,0,N,S requires C, 55-3; N, 9-2; 
S, 10-56%); the 1 : 1-dimethyl compound (VIII; R = R’ = CH;) had m. p. 200° (Found: C, 56-5; 
N, 9-0. C,,;H,,0,N,S requires C, 56-6; N, 8-8%). 5-Nitro-1-p-hydroxyphenyl-2-phenylbenzthiaz- 
oline S-dioxide (VIII; R = H, R’ = C,H,°OH), from the sulphinic acid and p-hydroxybenz- 
aldehyde in alcohol, had m. p. 220° (decomp.) (Found: C, 59-4; N, 7-4. Cj gH,O;N,S 
requires C, 59-7; N, 7-3%). 

KinG’s COLLEGE, LONDON. [Received, June 14th, 1935.] 





300. The Alkaline Hydrolysis of the Azlaclones derived from Certain 
o-Nitrobenzaldehydes. 


By HAROLD BurRTON. 


THE customary alkaline hydrolysis of 5-keto-2-phenyl-4-benzylidene-4 : 5-dihydro-oxazoles 
(azlactones) to phenylpyruvic acids fails when the azlactone contains a nitro-group sub- 
stituted in the benzylidene residue (cf. Douglas and Gulland, J., 1931, 2902). On the other 
hand, Gulland, Robinson, Scott, and Thornley (J., 1929, 2924) have shown that hydrolysis 
of 5-keto-2-phenyl-4-(2’-nitro-3’ : 4’-dimethoxybenzylidene)-4 : 5-dihydro-oxazole (I) with 
aqueous-alcoholic sodium hydroxide involves an intramolecular oxidation—reduction 
process and gives a mixture of 6 : 7-dimethoxyisatin (II) and 2-aminoveratric acid (III) ; 
the reaction is comparable with that of o-nitrophenylpyruvic acid with aqueous alkali 
(Reissert, Ber., 1897, 30, 1036), whereby isatin, o-nitrotoluene, and 2 : 2’-dinitrodibenzyl 
are produced. Furthermore, hydrolysis of the analogous 5-keto-2-phenyl-4-(2’-nitro-4’- 


CH=C-CO- O CO,H 
wool 86; +See ~- wool X80 + Meo JNH, 
Me NH 


MeO MeO 
(I.) (II.) (III.) 


acetoxy-3’-methoxybenzylidene)-4 : 5-dihydro-oxazole with baryta has been shown by 
Gulland, Ross, and Smellie (J., 1931, 2890) to give non-homogeneous material consisting, 
in part, of probably an isatin. 

The alkaline hydrolysis of azlactones derived from other o-nitrobenzaldehydes has now 
been studied, but isatin formation has not been found to occur. 2-Nitro-5-benzyloxybenz- 
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aldehyde yielded 5-keto-2-phenyl-4-(2'-nitro-5'-benzyloxybenzylidene)-4 : 5-dihydro-oxazole 
(IV, R = CH,Ph) when condensed with hippuric acid in presence of acetic anhydride and 


RO CH—C-CO-0 RO Me 
-- N==CPh ~ a a ee Fe 
(IV.) (V.) 
sodium acetate. Hydrolysis of this azlactone by boiling 10% sodium hydroxide solution 
gave an 82% yield of an insoluble compound, m. p. 72—73°, together with oxalic and benz- 
oic acids. The compound was shown by analysis, and by its synthesis from 6-nitro-m- 
cresol and benzyl chloride, to be 2-nitro-5-benzyloxytoluene (V, R = CH,Ph). The analogous 
5-keto-2-phenyl-4-(2'-nitro-5'-methoxy- and _ -5'-acetoxy-benzylidene)-4 : 5-dihydro-oxazoles 
similarly yielded 75-5 and 68% of 2-nitro-5-methoxytoluene and 6-nitro-m-cresol, re- 
spectively. That the o-nitro-group is the controlling factor in the reaction is clearly shown 
by the behaviour of 5-keto-2-phenyl-4-o-nitrobenzylidene-4 : 5-dihydro-oxazole (IV, OR = H), 
which is similarly converted into o-nitrotoluene in 70% yield. This result is in striking 
contrast to that obtained with either the m- or the p-nitro-isomeride ; in both these cases, 
the amount of nitrotoluene formed is too small to allow of identification. 

The results of this investigation suggest that the above-mentioned production of 2- 
aminoveratric acid from (I) may involve the intermediate 2-nitrohomoveratrole, which, 
under the influence of the alkali, undergoes intramolecular dismutation. 

Whilst this paper was being written, a closely related investigation was published by 
Oliverio (Gazzetta, 1935, 65, 143), showing that hydrolysis of 5-keto-2-phenyl-4-(6’-nitro- 
3’ : 4’-dimethoxybenzylidene)-4 : 5-dihydro-oxazole (VI) with 10% potassium hydroxide 
solution affords, as the initial product, 6-nitrohomoveratrole (VII)—a result in complete 


accord with the above. 


Me CH—C-CO-0 MeO Me — 
VI. (VIL.) 
(VI) Ors N==—CPh MONS, 


EXPERIMENTAL. 


2-Nitro-5-benzyloxybenzaldehyde.—A mixture of 2-nitro-5-hydroxybenzaldehyde (33-4 g.), 
benzyl chloride (27-8 g.), sodium hydroxide (8-8 g. in 50 c.c. of water), and alcohol (300 c.c.) was 
boiled under reflux for 8 hours, the alcohol removed by distillation, and water added to the 
residue. The aldehyde (40 g.), which separated as an oil and gradually solidified, crystallised 
from benzene-ligroin in almost colourless, prismatic needles, m. p. 75—76° (Found: C, 65-4; 
H, 4-3. C,4H,,0O,N requires C, 65-4; H, 4.3%). The phenylhydrazone separated from glacial 
acetic acid in crimson needles, m. p. 180° (Found: C, 69-2; H, 4-95. C 9H,,O;N; requires C, 
69-15; H, 4:9%), and the 2: 4-dinitrophenylhydrazone from xylene in small clusters of yellow 
needles, m. p. 199° after previous shrinking (Found: C, 55-0; H, 3-55. C,9H,,;0,N, requires 
C, 54-9; H, 3-4%). 

5-Keto-2-phenyl-4-(2’-nitro-5’-benzyloxybenzylidene)-4 : 5-dihydro-oxazole (IV, R = CH,Ph).— 
A mixture of dry 2-nitro-5-benzyloxybenzaldehyde (26 g.), hippuric acid (20 g.), and acetic an- 
hydride (50 c.c.) was heated on the steam-bath for 30 minutes with fused sodium acetate (25 g.), 
a crystalline product separating. The acetic anhydride was decomposed with hot water, and 
the solid washed repeatedly with boiling water and finally with cold acetone. The azlactone 
separated from acetone in yellow felted needles (24 g.), m. p. 157° (Found: C, 68-9; H, 3-75; 
N, 7:2. C,3;H,,0;N, requires C, 69-0; H, 4-0; N, 7-0%). 

2-Nitro-a-benzamido-5-benzyloxycinnamic acid, obtained from the above azlactone after 
1—2 mins.’ boiling with 10% sodium hydroxide solution, crystallised from glacial acetic acid in 
colourless needles, m. p. 219—220° (decomp.) (Found: C, 66-0; H, 4-3. C,,;H,,0,N, requires 
C, 66-0; H, 4-3%).'. It was immediately converted into the azlactone on heating with acetic 
anhydride. 

2-Nitro-5-benzyloxytoluene (V, R = CH,Ph).—(i) A mixture of 6-nitro-m-cresol (15-3 g.), 
benzyl chloride (14-9 g.), sodium hydroxide (4-4 g. in 25 c.c. of water), and alcohol (100 c.c.) was 
boiled under reflux for 8 hours. Addition of water to the cooled mixture precipitated an oil, 
which gradually solidified. Recrystallisation of the solid from alcohol (charcoal) gave 20 g. 
of 2-nitro-5-benzyloxytoluene as nearly colourless, prismatic needles, m. p. 73—74° (Found: 
C, 69-1; H, 5-4; N, 5-9. C,4H,,0O,N requires C, 69-1; H, 5-35; N, 5-8%). 
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(ii) A mixture of 5-keto-2-phenyl-4-(2’-nitro-5’-benzyloxybenzylidene)-4 : 5-dihydro-ox- 
azole (20 g.) and 10% sodium hydroxide solution (200 c.c.) was boiled under reflux for 44 hours ; 
ammonia was evolved after the first few minutes, and oil separated. The mixture was cooled, 
the mother-liquor decanted, and the semi-solid residue washed with small amounts. of cold 
water and crystallised from the minimum quantity of alcohol, giving 10 g. (82% yield) of 2- 
nitro-5-benzyloxytoluene, m. p. 72—73° either alone or mixed with a specimen prepared by 
method (i). The alkaline mother-liquor contained benzoic acid (precipitated as such) and 
oxalic acid (precipitated as calcium oxalate). 

5-Keto-2-phenyl-4-(2’-nitro-5’-methoxybenzylidene)-4 : 5-dihydro-oxazole (IV, R= Me).— 
This azlactone, prepared from 2-nitro-5-methoxybenzaldehyde (18 g.) by the method used for 
the benzyl analogue, separated from ethyl acetate, in which it was only sparingly soluble, in 
small yellow needles (27 g.), m. p. 218—219° (Found: C, 62-9; H, 3-7; N, 8-6. C,,H,,0;N, 
requires C, 62-95; H, 3-7; N, 8-6%). 

Hydrolysis of the azlactone. (i) Short treatment with boiling 10% sodium hydroxide solution 
gave 2-nitro-a-benzamido-5-methoxycinnamic acid, which separated from glacial acetic acid 
in colourless needles, m. p. 222—223° (decomp.) (Found: C, 59-6; H, 4-3. C,,H,,O,N, requires 
C, 59-65; H, 4-1%). 

(ii) The azlactone (16-2 g.) was boiled with 10% sodium hydroxide solution (200 c.c.) for 
44 hours, an oil separating after a few minutes. The mixture was cooled and the solid was 
collected, dried, and extracted with ligroin. The concentrated extract deposited 6-3 g. (75-5%) 
of 2-nitro-5-methoxytoluene, colourless needles, m. p. 54° (cf. Blaikie and Perkin, J., 1924, 125, 
308) (Found : C, 57-5; H, 5-3. Calc. for C,H,O,N : C, 57-5; H, 5-4%). 

5-Keto-2-phenyl-4-(2’-nitro-5’-acetoxybenzylidene)-4 : 5-dihydro-oxazole (IV, R = Ac).—-This 
azlactone was prepared by the above method from 2-nitro-5-hydroxybenzaldehyde (16-7 g.) ; 
it separated from acetone in clusters of fine yellow needles (23 g.), m. p. 165—166° (Found : 
C, 61-4; H, 3-3; N, 8-0. C,,H,,O,N, requires C, 61-4; H, 3-4; N, 7-°95%). When a solution in 
acetone was cooled below 0°, a mixture of needles and prisms, separable by hand-picking, was 
obtained. Both forms had the same m. p. (165—166°) and gave no depression (Found, for 
prisms: C, 61-3; H, 3-4; N, 8-2%). 

Hydrolysis of the azlactone. The azlactone (17-6 g.) was boiled with 10% sodium hydroxide 
solution (300 c.c.) under reflux for 4 hours. The dark red solution was cooled, filtered, and 
acidified (Congo-red) with concentrated hydrochloric acid. The precipitate was dried in a 
vacuum desiccator, dissolved in the minimum amount of boiling benzene, and cooled; there were 
obtained 5-2 g. (68% yield) of 6-nitro-m-cresol, m. p. 129°, unchanged by recrystallisation from 
water (Found : C, 55-1; H, 4-65. Calc. forC,H,O,N : C, 54-9; H, 4-6%). 

5-Keto-2-phenyl-4-o0-nitrobenzylidene-4 : 5-dihydro-oxazole (IV, OR = H).—This azlacione, 
prepared by the above general method from o-nitrobenzaldehyde (25 g.), separated from ethyl 
acetate in yellow needles (30 g.), m. p. 167—168° (Found : C, 65-1; H, 3-7; N, 9-2. C,gH,.O,N, 
requires C, 65-3; H, 3-4; N, 9-5%). 

Hydrolysis of the azlactone. (i) Short treatment with boiling 10% sodium hydroxide solution 
gave o-nitro-a-benzamidocinnamic acid, which separated from 50% acetic acid in clusters of 
colourless small needles, m. p. 181—182° (Found: C, 61-4; H, 3-9. C,gH,,0,;N, requires C, 61-5; 
H, 3-85%). 

(ii) The azlactone (22 g.) was hydrolysed as for (IV, R = Ac). The dark brown solution was 
cooled and extracted with ether. The dried extract (sodium sulphate) afforded 6-7 g. (70% 
yield) of a pale yellow oil, b. p. 218°, characterised as o-nitrotoluene by nitration to 2: 4-di- 
nitrotoluene, m. p. and mixed m. p. 70°. 

5-Keto-2-phenyl-4-m- and -p-nitrobenzylidene-4 : 5-dihydro-oxazoles.—These were prepared by 
Douglas and Gulland’s method (/oc. cit.). They were best crystallised from acetic anhydride, 
being obtained with m. p.’s 178° and 239°, respectively (Douglas and Gulland give m. p.’s 174° 
and 233°). When either azlactone (14-7 g.) was boiled with 10% sodium hydroxide solution 
(200 c.c.) for 4 hours and the reaction mixture was then steam-distilled, merely a trace of volatile 
product (nitrotoluene) was obtained. The hydrolysate was not further investigated. 

p-Nitro-a-benzamidocinnamic acid, obtained by short treatment of the azlactone with boiling 
10% sodium hydroxide solution, separated from glacial acetic acid in nearly colourless, fine 
needles, m. p. 243° (decomp.) (Found : C, 61-3; H, 3-8. C,,.H,,0,N, requires C, 61-5; H, 3-85%). 


The author acknowledges a grant from the Royal Society in aid of the investigation. 
THE UNIVERSITY, LEEDs. [Received, July 4th, 1935.] 
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301. The Configuration of Heterocyclic Compounds. Part II]. 
The Optical Resolution of 10-Ethylphenoxarsine-2-carboxylic Acid. 


By Mary S. Lessig and E, E. TURNER. 


In view of the fact that 10-methylphenoxarsine-2-carboxylic acid was the only example 
of a phenoxarsine which exhibited optical activity (Lesslie and Turner, J., 1934, 1172), 
we regarded it as essential to prepare, and attempt the resolution of, a second compound 
of the same class. 10-Ethylphenoxarsine-2-carboxylic acid (1) has been synthesised by a 
method similar to that employed for the methyl acid. The 
strychnine salt was found to be most suitable for use, although, 
when an alcoholic solution of the acid was treated fractionally 
with this alkaloid, evidence of resolution was not immediately 
apparent. Addition of the equivalent of strychnine in three 
equal portions gave salts having identical rotations. When, 
however, these were combined and crystallised, a salt of much 
higher rotation was obtained. On concentration of the mother-liquor, a variety of crops 
were deposited, with first positive and then negative rotations. Concentration of the 
original mother-liquor gave strongly levorotatory salts. The existence of three distinct 
salts was soon recognised, owing to the considerable difference in crystalline form, but the 
separation of the pure diastereoisomerides presented far more difficulty than was experienced 
with the methyl acid. 

Strychnine d-10-ethylphenoxarsine-2-carboxylate forms very sparingly soluble, rectangular 
needles, [«]?%, + 49-2° and [«}?{5, + 57-4° in chloroform. The 1|-salt, very soluble, glistening 
plates, has [«]}3%,, — 53-9° and [a], — 63-2°. The partial racemate, which was not isolated 
in the pure condition, forms characteristic spherical aggregates. 

The optically pure 10-ethylphenoxarsine-2-carboxylic acids, obtained by decomposition 
of the strychnine salts and subsequent recrystallisation, have [a], + 119-0° + 0-3° and 
[x }3%e. + 139-0° + 0-5° in 99-7% alcohol. 

A solution of the d-acid in N-sodium hydroxide, which originally had «4, + 0-91° 
(1 = 2; c = 0-275), was heated in a closed tube at 100°; after 4 hours a,,,, was 0-90°, 
and after 9 hours 0-81°. The optical stability of the ions of the acid is therefore of the 
same order as that for the methyl acid. 

A solution of the d-acid in alcoholic methyl iodide lost its activity slowly during 2 hours, 
and then much more rapidly: a similar period of induction was noticed with the methyl 


acid. 
EXPERIMENTAL. 


dl-10-Ethylphenoxarsine-2-carboxylic Acid.—10-Chlorophenoxarsine-2-carboxylic acid 
(Lesslie and Turner, Joc. cit.) (22-4 g.; 1 mol.) was added gradually to the decanted Grignard 
reagent prepared from 65 g. of ethyl iodide (6 mols.). There was vigorous reaction on each 
addition. The clear solution was gently boiled for 4 hr., and then decomposed with ice and 
dilute hydrochloric acid. The aqueous layer was repeatedly extracted with ether, and the total 
ethereal solution was washed with water and then extracted several times with aqueous ammonia. 
On acidification of the latter, the acid was obtained in good yield. It crystallised (12 g.) from 
absolute alcohol in clusters of needles, m. p. 162—163° with slight previous softening (Found : 
C, 57-0; H, 4:1; As, 24-0. C,,;H,,0,As requires C, 56-9; H, 4-15; As, 23-7%). 

Resolution. To a boiling solution of 18 g. of the acid in about 1 1. of 99-7% ethyl alcohol 
were added 6-3 g. of strychnine (0-33 mol.). After standing over-night in the ice-chest, the 
solution deposited 1-1 g. of salt having [a]?%, + 12-8° in chloroform. To the hot mother- 
liquor were added another 6-3 g. of strychnine, and 11 g. of salt were obtained, having [«]2%, 
+ 13-0°. The remaining 6-3 g. of strychnine were added, and 10 g. of salt were obtained, 
having [«]?%, + 13-2°. These three crops were combined and recrystallised from 31. of alcohol, 
6-6 g. of salt being obtained with [«]?%), + 29-2°. Successive concentrations of the mother- 
liquor gave a series of salts having specific rotations varying from + 25-0° to — 12-2°. The 
original mother-liquor on concentration gave a series of salts of specific rotation — 38-1° to 
— 52-2°. All the dextrorotatory salts were separately recrystallised several times, until the 
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specific rotation was about + 45-0°. They were then combined, and after recrystallisation 
four times, the pure strychnine d-salt was obtained. The levorotatory salts were treated 
similarly, but in this case the first crop obtained in all the crystallisations contained partial 
racemate, and the optically purer /-acid salt could only be obtained by concentration of the 
mother-liquor, followed by repetition of the same process, until the specific rotation was about 
— 52°. Thereafter, no more partial racemate separated, and recrystallisation was continued 
until the specific rotation remained constant. 

Strychnine d-10-ethylphenoxarsine-2-carboxylate crystallises in rectangular needles from 
alcohol, in which it is very sparingly soluble. It melts at 247—248° (decomp.) and has [«]2?%, 
+ 49-2°, [a]. + 57-4° in chloroform (J = 2; c= 1-882; a579, = + 1:85°; ogg¢1 = + 2°16°) 
(Found : C, 66-4; H, 5-6. C,,H,;0,;N,As requires C, 66-5; H, 5-4%). The l-isomeride crystal- 
lises in thin plates from alcohol, in which it is very soluble. It melts at 188—189° (decomp.) 
and has [a]3%, — 53-9°, [«]2%, — 63-2° in chloroform (/ = 2; ¢ = 1-947; as579; = — 2°10°; 
Msag1 = — 2°46°) (Found: C, 66-2; H, 5-6%). 

The salts were decomposed in the usual manner with ammonia, and the free acids obtained. 
d-10-Ethylphenoxarsine-2-carboxylic acid crystallises in very slender needles from aqueous 
alcohol, in which it is very soluble; m. p. 128—129°, [«]?%, + 119-2°, [a]2%, + 139-5° in alcohol 
(2 = 2; ¢ = 0-889; aso9) = + 2°12°; osgg, = + 2°48°) (Found: C, 57-1; H, 4:3. C,,;H,,0,As 
requires C, 56-9; H, 4-15%). The l-acid crystallises similarly, m. p. 128—129°, [«]?%, — 118-8°, 
[«]§e. — 138-5° in alcohol (c = 0-202) (Found: C, 57-4; H, 4-45%). 

Action of Alcoholic Methyl Iodide on the d-Acid.—A solution (20 c.c.) of 0-0622 g. of the acid 
and 2 c.c. of methyl iodide in absolute alcohol was kept in a polarimeter tube, and the following 
observations made : 


¢ (mins.) 35 140 180 220 250 290 320 oc 
0-70° 0°62° 0°52° 0°39° 0°22° 0-09° 0-04° 0-00° 
0°81° 0°74° 0°62° 0-44° 0°25° 0°10° 0:05° 0-00° 
We thank the Royal Society, Imperial Chemical Industries, and the University of London 
(Dixon Fund) for grants. 
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302. The Optically Active Diphenylhydroxyethylamines and isoHydro- 
benzoins. Part VII. The 1:2-cycloHexanediols and Related Compounds. 


By Norman A. B. WILsSon and JoHN READ. 


TuIs paper deals chiefly with the 1 : 2-cyclohexanediols (I) and 2-aminocyclohexanol (II). 
A summary of the current knowledge of the 1 : 2-cyclohexanediols has been given by 
Rothstein (Ann. Chim., 1930, 14, 461); the preparation, properties and characterisation 


CH, CH, 


(.) HeCy )CH-OH H,Cf }CH-‘OH 47) 

H,C. %CH-OH H,C. %CH-NH, 
H, H, 
of these crystalline alicyclic analogues of the hydrobenzoins have now been studied in 
greater detail. The optical resolution by Derx (Rec. trav. chim., 1922, 41, 312) of the 
diol having the higher melting point (103—104°) showed it to possess the ¢vans-configuration. 
The d-form, [«]) + 41° 16’, obtained by Derx was apparently somewhat impure : by means 
of -menthoxyacetyl chloride, we have obtained both d- and /-trans-1 : 2-cyclohexanediol, 
m. p. 113—114°, [a], + 46-5°. 

An examination of the absorption spectra of the optically inactive diols by Mr. R. E. 
Lishmund, B.Sc., showed that both isomerides give an absorption edge in the ultra-violet 
region, and that the cis- is less transparent than the ¢vans-isomeride. This result is of 
interest, since few spectroscopic investigations of racemic and meso-compounds have 
been carried out : Stewart (J., 1907, 91, 1540) and Byk (Z. physikal. Chem., 1907, 61, 1) 

40 
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obtained curves for d/- and meso-tartaric acids similar to those now observed for the above 
cis- and trans-diol; and Ramart-Lucas and Biquard (Compt. rend., 1932, 94, 187) have 
investigated several pairs of dl- and meso-compounds whose relative configurations are 
not yet known. 

A qualitative determination of the comparative rates of reaction of the monobenzoates 
of cis- and trans-1 : 2-cyclohexanediol with m-nitro-, p-nitro-, and 3 : 5-dinitro-benzoy] 
chloride has shown that in each instance the ¢vans-compound (III) reacts more rapidly 
than the cis-compound (IV). These observations have been adduced as evidence in favour 


ur.) .H—--0-COPh H——O-COPh av.) 
_— HO—*-H H——OH 


of the cis-disposition of H(3) and H(4) in the two series of meomenthols (J., 1934, 1780). 
The monobenzoates may readily be oxidised to 1: 2-cyclohexanolone benzoate, thus 
furnishing a new approach to 1 : 2-cyclohexanolone (cf. K6tz, Annalen, 1913, 400, 62). 

It was proposed to investigate similarly the general relationships and relative velocities 
of esterification of the 1: 2-dimethyl-1 : 2-cyclohexanediols: the reaction of methyl- 
magnesium iodide with 1 : 2-cyclohexanedione yielded, however, d/-1-methylcyclohexan-1- 
ol-2-one only, and this upon reduction gave d/-1-methylcyclohexane-1 : 2-diol. 

2-Aminocyclohexanol (II), prepared by shaking 2-chlorohexanol with concentrated 
aqueous ammonia, has been studied in the manner adopted in these investigations for 
amino-alcohols of the type Ar-CH(OH)-CH(NH,)*Ar; but neither deamination nor ex- 
haustive methylation indicates whether the known compound has the cis- or the érans- 
configuration, and attempts to prepare the stereoisomeride have been. unsuccessful. 
Deamination at 0° in presence of oxalic acid results in a regression of the ring system, 
the sole product of the reaction being cyclopentylformaldehyde (Godchot and Mousseron, 
Compt. rend., 1934, 198, 2006); under the different conditions outlined below, some cyclo- 
hexene oxide is also formed. When boiled with water in presence of silver oxide, dl- 
cyclohexan-1-ol-2-trimethylammonium iodide gave a mixture which appeared to consist 
of dl-trans-1 : 2-cyclohexanediol and 2-dimethylaminocyclohexanol; and when heated, 
the latter constituent decomposed, forming cyclohexene oxide and dimethylamine. The 
l-form of the quaternary ammonium iodide behaved similarly, the trans-1 : 2-cyclohexanediol 


being again optically inactive. 








EXPERIMENTAL, 
cis- and trans-1 : 2-cycloHexanediol. 


Separation of cis- and trans-1 : 2-cycloHexanediol.—The crude cyclohexanediol, m. p. 72— 
83°, used in this work was prepared by Messrs. Howards and Sons, Ltd., Ilford, by the catalytic 
hydrogenation of catechol. When the mixture (40 g.) was recrystallised three times from 
benzene, the least soluble fraction (15 g.) consisted of orthorhombic leaflets (Ann. Chim., 1905, 
6, 248) of the pure trans-diol, m. p. 103—104° (cf. Rothstein, /oc. cit.). The residues (50 g.) 
from the first mother-liquors of several such operations, when recrystallised seven times from 
benzene, gave orthorhombic leaflets (Ann. Chim., 1905, 6, 283) of the pure cis-diol, m. p. 98— 
99°. The derived mixtures of the 3 : 5-dinitrobenzoates and the p-nitrobenzoates crystallised 
analogously, furnishing a large yield of pure tvans- and a small yield of pure cis-ester in each 
case. 

The cis-diol, unlike the tvans-isomeride, undergoes condensation with dry acetone containing 
1% of hydrogen chloride, in presence of sodium sulphate (cf. Derx, Rec. trav. chim., 1922, 41, 
312; Rothstein, Joc. cit.). The acetone derivative, an oil smelling of peppermint, b. p. 80— 
81°/25 mm., 179—182°/760 mm., yields the pure cis-diol when boiled for 2 hrs. with a mixture 
of N-hydrochloric acid (1 c.c.) and acetone (10 c.c.). Benzylidene-cis-1 : 2-cyclohexanediol, 
b. p. 151—152-5°/14 mm., nj" 1-5332, is formed when the mixture of diols (20 g.) is heated at 
140—150° for 1 hr. with benzaldehyde (120 g.) in a current of carbon dioxide (Found: C, 
76-0; H, 7-8. C,,;H,,O, requires C, 76-5; H, 7-8%). It may be hydrolysed like the acetone 
derivative, yielding the pure cis-diol. 

Derivatives of dl-trans-1 : 2-cycloHexanediol_—The derivatives described were made by 
dissolving the diol in dry pyridine and adding slightly more than the calculated amount of 
the appropriate acid chloride. The mono- and di-acetate were liquids. The monobenzoate, 
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b. p. 200—205°/35 mm., distilled as a viscid syrup, which crystallised from light petroleum 
in colourless needles, m. p. 92—93° (Found: C, 70-1; H, 7:2. C,3;H,,O, requires C, 70-1; 
H, 7:3%). The dibenzoate, m. p. 93°, was very soluble in light petroleum, but crystallised from 
aqueous alcohol (Found: C, 74:2; H, 6-1. C,H 9O, requires C, 74-1; H, 62%). The di-m- 
nitrobenzoate separated in prisms, m. p. 141—142°, from benzene-light petroleum (Found : 
C, 58-2; H, 4-5. Cy9H,,0,N, requires C, 58-0; H, 4:-4%). The di-p-nitrobenzoaie crystallised 
from benzene in large, pale yellow, doubly terminated prisms, m. p. 149—150° (Found: C, 
58-0; H, 43%). The bis-3 : 5-dinitrobenzoate crystallised from benzene in fine, pale yellow 
prisms, m. p. 179° (Found: C, 47-7; H, 3-3. CyoH,,0,.N, requires C, 47-6; H, 3-2%). In 
the last three cases it was not possible to prepare the mono-ester, either by half-esterification 
of the diol or by half-saponification of the di-ester. 

The 1-(3’ : 5’-dinitrobenzoate)-2-benzoate was prepared by the general method from the mono- 
benzoate. It crystallised in two forms: (i) pale yellow, rectangular leaflets, m. p. 105°, from 
alcohol; (ii) pale yellow, doubly terminated prisms, m. p. 132-5°, from alcohol—acetone. When 
an alcoholic solution of the first form was seeded with the second form, it deposited prisms, 
m. p. 132-5°, identical with the second form (Found: C, 57-7; H, 4:2. C,y9H,,0,N, requires 
C, 58-0; H, 43%). The 1-p-nitrobenzoate-2-benzoate crystallised from aqueous alcohol in pale 
yellow prisms, m. p. 131° (Found: C, 65-2; H, 5-1. C 9H,,O,N requires C, 65-0; H, 5-2%). 
The 1-m-nitrobenzoate-2-benzoate melted at 102° (Found: C, 64-9; H, 5-1%). The mono- 
and the di-d-camphor-10-sulphonate were solids of a buttery consistency which could not be 
recrystallised. 

Derivatives of cis-1 : 2-cycloHexanediol.—When treated with benzoyl chloride (1 equiv.) 
in pyridine, the cis-diol gave a mixture of the mono- and di-benzoate and an unsaturated 
hydrocarbon. The monobenzoate, separated by fractional distillation, was a colourless viscid 
syrup, b. p. 139—140°/0-5 mm. (Found: C, 70-6; H, 7-3%). The dibenzoate crystallised from 
light petroleum (b. p. 40—60°) in fine, long, colourless needles, m. p. 63—64° (Found: C, 
73-9; H, 61%). The di-p-nitrobenzoate crystallised from alcohol—acetone in fine, pale yellow 
prisms, m. p. 128—128-5° (Found: C, 58-2; H, 4:3%). The bis-3 : 5-dinitrobenzoate separated 
from alcohol—acetone in fine prisms, m. p. 169° (Found : C, 47-7; H,3-1%). It was not possible 
to prepare mono-esters in the last two cases. 

The 1-(3’ : 5’-dinitrobenzoate)-2-benzoate crystallised from alcohol—acetone in pale yellow 
prisms, m. p. 102° (Found: C, 58-1; H,4:3%). The 1-p-nitrobenzoate-2-benzoate separated from 
alcohol in prisms, m. p. 82° (Found: C, 64-9; H, 5:2%). The 1-m-mnitrobenzoate-2-benzoate 
crystallised from aqueous alcohol in small prisms, m. p. 96—97° (Found : C, 64-8; H, 5-2%). 

The above cis- and trans-monobenzoates were completely hydrolysed when boiled for 1 hr. 
with the calculated amount of 2-5% methyl-alcoholic potassium hydroxide. Most of the 
alcohol was distilled off, the residue acidified, the benzoic acid separated by filtration, and 
the filtrate evaporated to dryness and extracted with boiling benzene. The pure diol was thus 
recovered in 85% yield. The di-p-nitrobenzoates gave a yield of 70%, and the bis-3 : 5-dinitro- 
benzoates 45%, after 6 hrs’. boiling with the alcoholic alkali. 

Optical Resolution of dl-trans-1 : 2-cycloHexanediol.—dl-trans-1 : 2-cycloHexanediol (10 g.) 
was mixed in dry pyridine (35 c.c.) with /-menthoxyacetyl chloride (20 g.) and left over-night. 
Only the mono-ester was formed when the proportion of acid chloride was increased to 2 equivs. 
Dilution with water yielded a semi-solid ester, which when extracted, washed, and dried in the 
usual way (J. Soc. Chem. Ind., 1932, 51, 32917), had [a]p — 62-5° (c 1-0, alcohol). Recrystallis- 
ation from light petroleum, and later from aqueous alcohol, yielded long transparent prisms 
(5-2 g.) of d-trans-1 : 2-cyclohexanediol |-menthoxyacetate, m. p. 126—127°, [a]p — 32-7° (c 0-8, 
alcohol) (Found: C, 69-1; H, 10-2. C,,H;,0, requires C, 69-2; H, 10-3%). 

This resolution was repeated three times, and in each instance the original value, [a]p 
— 62-5° to — 63-6°, for the crude ester, rose upon fractional crystallisation to — 91-7°, instead 
of falling to — 32-7° as before. The product was pure I-trans-1 : 2-cyclohexanediol 1-menthoxy- 
acetate, m. p. 64°, [a]p — 91-7° (c 1-4, alcohol) (Found: C, 69-6; H, 10-1%). This ester was 
the more soluble of the two, and the yield was smaller than that of the diastereoisomeride. 
Recrystallisation of residues from the mother-liquors of the later resolutions failed to yield the 
less soluble ester in a pure condition. 

When boiled for 1} hrs. with 2-5% methyl-alcoholic potassium hydroxide (1-2 mols.), and 
treated as described above for the monobenzoates, the ester of m. p. 64° yielded /-tvans-1 : 2- 
cyclohexanediol, which crystallised from benzene in glistening leaflets, m. p. 113—114°, [a]p 
— 46-5° (c 1-6, water). The ester of m. p. 126—127° similarly yielded the d-irans-diol. 

The following derivatives of /-tvans-1 : 2-cyclohexanediol were made: the dibenzoate was 
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a semicrystalline mass, too soluble to permit of recrystallisation; the di-p-nitrobenzoate 
crystallised from alcohol—acetone in pale yellow, silky needles, m. p. 126-5°, [«]p — 25-5° (¢ 1-1, 
chloroform); the bis-3: 5-dinitrobenzoate crystallised from alcohol—-chloroform in similar 
needles, m. p. 160°, [a]p — 83-0° (c 1-8, chloroform) (Found: C, 47-7; H, 3-3. Cy9H,,0,.N, 
requires C, 47-6; H, 3-3%). 

The bis-3: 5-dinitrobenzoate of d-trans-1 : 2-cyclohexanediol crystallised from alcohol- 
chloroform in pale yellow, silky needles, m. p. 160°, [a]p + 83-9° (c 1-5, chloroform). 

Relative Velocities of Esterification of cis- and trans-1 : 2-cycloHexanediol Monobenzoate.— 
Accurately weighed amounts (ca. 2 g.) of each monobenzoate were mechanically stirred in 
separate flasks (100 c.c.), immersed in a thermostat at 17-0°, with 25 c.c. of a standard benzene- 
pyridine solution (18 c.c. of dry pyridine and 500 c.c. of dry benzene). A weighed amount 
(1-1 mols.) of the finely powdered acid chloride was added to each flask simultaneously. After 
a measured time (5—25 mins.), the reaction was stopped by adding 25 c.c. of a standard dilute 
solution of sodium hydroxide to each flask. Each product was extracted with chloroform 
(25 c.c.) and washed with measured volumes of dilute sodium hydroxide solution (twice), dilute 
hydrochloric acid (three times), and water (four times); the extract was then dried over sodium 
sulphate and distilled under diminished pressure. The residual semicrystalline mixture of 
mono- and di-benzoate was weighed, and in each case the product furnished by the ¢rans- 
monobenzoate was the heavier. From the percentage of nitrogen in the product, the percentage 
of mono-ester which had been converted into di-ester was calculated in each experiment. The 
results show that in each case the /vans- reacted more rapidly than the cis-monobenzoate. 
In two experiments with 3: 5-dinitrobenzoyl chloride the average percentages of the mono- 
benzoate undergoing esterification were 34 (cis) and 45 (trans); in three experiments with 
p-nitrobenzoyl chloride the corresponding values were 38 and 46; and one experiment with 
m-nitrobenzoyl chloride gave 44 and 49. 

dl-1-Methylcyclohexan-1-ol-2-one.—1 : 2-cycloHexanedione, prepared by oxidising cyclo- 
hexanone with selenium dioxide (Riley, Morley, and Friend, J., 1928, 1878), crystallised from 
light petroleum in colourless needles, m. p. 36—38°: its absorption spectrum, as recorded by 
Mr. R. E. Lishmund, B.Sc., showed an absorption band with head at about 2650 A.; the 
molecular extinction coefficient was about 2700, corresponding to the presence of a marked 
proportion of the enol form (cf. J., 1934, 240). 

When treated with somewhat more than 2 mols. of methylmagnesium iodide in dry ether, 
1 : 2-cyclohexanedione yielded di/-1-methylcyclohexan-1-ol-2-one as a pale yellow syrup, b. p. 
91—95°/30 mm. The semicarbazone crystallised from boiling water in stout transparent 
prisms, m. p. 202° (Found: C, 51-5; H, 8-1. C,gH,,O,N; requires C, 51-9; H, 8-1%). The 
p-nitrobenzoate separated from acetone—alcohol in pale yellow needles, m. p. 125—126° (Found: 
C, 60-5; H, 5-3. C,4H,,;0,;N requires C, 60-7; H, 5-4%), and the 3: 5-dinitrobenzoate in pale 
yellow, nacreous plates, m. p. 158° (Found: C, 52-1; H, 4-5. C,,H,,O,N, requires C, 52-2; 
H, 4.4%). The /-menthoxyacetate and d-camphor-10-sulphonate were syrups. 

dl-1-Methylcyclohexane-1 : 2-diol—-When reduced with sodium (8 equivs.) and alcohol, 
the above ketol yielded a brown viscid syrup, non-volatile in steam. Upon distillation this 
gave a fraction, b. p. 129—131°/27 mm., which after several recrystallisations from benzene- 
light petroleum furnished di/-1-methylcyclohexane-1 : 2-diol in small colourless prisms, m. p. 
84°. The bis-3 : 5-dinitrobenzoate crystallised from alcohol—chloroform in small, pale yellow 
needles, m. p. 189° (Found: C, 48-3; H, 3-6. C,,H,,0,,.N, requires C, 48-6; H, 3-6%). An 
acetone compound, isolated as a colourless peppermint-smelling oil, b. p. 72—73°/20 mm., 
was presumably derived from the cis-diol, but the amount available was too small to permit 
of hydrolysis. 

2-A minocyclohexanol. 


Preparation.—The following method is preferable to heating cyclohexene oxide with alcoholic 
ammonia under pressure (Brunel, Compt. rend., 1903, 137, 1999; Godchot and Mousseron, 
Bull. Soc. chim., 1932, 51, 1277). 2-Chlorocyclohexanol (100 g.), obtained by the action of 
hypochlorous acid on cyclohexene (‘‘ Organic Syntheses,’”’ Coll. Vol. I, 1932, 151), is shaken 
for 24 hrs. with excess of concentrated aqueous ammonia. The aqueous liquid is separated 
from the small quantity of oil and concentrated on the water-bath (350 c.c.). The base is 
liberated by adding solid sodium hydroxide, extracted with a mixture of chloroform and ether, 
and distilled under diminished pressure (61 g.) : b. p. 110°/24 mm., m. p. 65°. The d-camphor- 
10-sulphonate forms a crystalline partial racemate, [a«]p + 64-7° (c 1-2, water) (cf. Godchot 
and Mousseron, /oc. cit.). 
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Methylation.—The dl-base was methylated by treatment with sodium methoxide and excess 
of methyl iodide in methyl alcohol (J., 1930, 2381). The methyl alcohol was distilled away, 
and the quaternary ammonium iodide extracted from the residue with chloroform. dl-cyclo- 
Hexan-1-ol-2-trimethylammonium iodide (71% yield) crystallised from alcohol-ethyl acetate 
in fine long prisms, m. p. 214° (Found, by Volhard’s method : I, 44-1, 44-2. C,H,,ONI requires 
I, 44.5%). When treated similarly, the d-amino-alcohol (Godchot and Mousseron, Joc. cit.) 
yielded the d-iodide, crystallising in prisms, m. p. 217°, [a]p + 25-8° (c 3-5, water). 

When the di-quaternary ammonium iodide was boiled in water with twice its weight of 
fresh silver oxide, trimethylamine was slowly evolved, but the reaction was incomplete after — 
84 hrs. The strongly basic product dissolved completely in water but only partly in benzene. 
It gave no derivative with semicarbazide acetate, but reacted (2 g.) with 3: 5-dinitrobenzoyl 
chloride to yield dl-tvans-1 : 2-cyclohexanediol 3 : 5-dinitrobenzoate, m. p. 179° (0-6 g. purified). 
When dry-distilled, the crude product yielded some cyclohexene oxide and dimethylamine. 

The /-quaternary ammonium iodide, [«]p — 25-2°, when treated similarly with silver oxide, 
gave a crude product with [«]p — 30-5° (c 2-3, water). This behaved like the product obtained 
from the d/-iodide, except that the yield of di-diol 3 : 5-dinitrobenzoate (m. p. 179°; optically 
inactive) was smaller. 

Deamination.—Upon deamination in the usual way (this vol., p. 1121), in presence of dilute 
sulphuric acid, 2-aminocyclohexanol furnished some nitrogen when the mixture was boiled. 
The main product was cyclopentylformaldehyde (Godchot and Mousseron, Joc. cit.), but cyclo- 
hexene oxide was also formed. 

Attempts to prepare a Stereoisomeric 2-Aminocyclohexanol.—(i) cycloHexanone was treated 
below 5° with amy] nitrite in presence of concentrated hydrochloric acid (cf. Vanino, ‘‘ Handbuch 
der praparativen Chemie,” 1923, ii, 678). The resulting pale yellow needles (decomp. 190°) 
were soluble in water and unstable; the substance was apparently isonitrosocyclohexanone 
nitrite (Found: C, 38-1; H, 5-9. C,H,O,N,HNO,,H,O requires C, 37-5; H, 6-2%). Attempts 
to reduce it with sodium and alcohol, or by catalytic hydrogenation, led to decomposition. 

(ii) Crude 1 : 2-cyclohexanediol monobenzoate (45 g.) was added to a solution of potassium 
dichromate (60 g.) in a mixture of water (300 c.c.) and concentrated sulphuric acid (27 c.c.). 
The mixture was slowly warmed, and kept at 80° for} hr. The thick brown sludge deposited 
by the cooled solution was collected, and extracted twice with ether; when washed with alkali, 
acid, and water, the extract became colourless, and upon evaporation gave a syrupy residue 
which crystallised when rubbed with light petroleum. The microscopic prisms (17-4 g.), m. p. 
85—86°, deposited from benzene-light petroleum appeared to consist of 1 : 2-cyclohexanolone 
benzoate (Found: C, 71-8; H, 6-4. C,,;H,,O,; requires C, 71-6; H, 6-4%). K6tz and his 
collaborators (Annalen, 1913, 400, 62) record m. p. 122—123° for this substance. The oxime 
crystallised from benzene-light petroleum in needles, m. p. 120° (Found: C, 67-1; H, 6-5. 
C,;H,,0,N requires C, 67-0; H, 6-4%). 1: 2-cycloHexanolone, obtained by boiling the benzoate 
for 2 hrs. with the calculated amount of 2-5% methyl-alcoholic potassium hydroxide, melted 
at 129—130° (Found: C, 63-1; H, 8-9. Calc.: C, 63-2; H, 88%). 1: 2-cycloHexanolone 
oxime, m. p. 109°, when reduced with sodium and alcohol yielded only the 2-aminocyc/ohexanol, 
m. p. 65°, described above. 


We thank the Carnegie Trust for the Universities of Scotland for the award of a Scholarship 
to one of us (N. A. B. W.), and Messrs. Howards and Sons, Ltd., Ilford, for a gift of 1 : 2-cyclo- 
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303. The Rate of Diffusion of Deuterium Hydroxide in Water. 
By W. J. C. Orr and J. A. V. BUTLER. 


Isotopic indicators have been employed in a number of cases to determine rates of self- 
diffusion, and the discovery of deuterium has made it possible to apply similar methods 
to hydrogen compounds. This paper records an investigation of the diffusion of deuterium 
hydroxide in comparatively dilute solutions in ordinary water. On account of the signi- 
ficant difference between the masses of the molecules H,O and DOH it cannot be asserted 
that the diffusion rate is identical with the diffusion of water molecules themselves, but 
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if the rates of diffusion of the two molecules are inversely proportional to the square roots 
of their masses the difference to be expected is only about 2%, which is less than the 
possible error of the experimental figures. Thus for practical purposes the results may be 
regarded as coefficients of self-diffusion of water. 


In the first place one of Graham’s methods was tried, viz., cylinders containing 2—4% deuter- 
ium hydroxide solution were immersed in a large bath, through which ordinary water was circu- 
lated at a very slow rate, and the loss of deuterium hydroxide from the cylinder in a given time 
was determined. This method gave erratic results varying between 8 and 30 x 10° cm.?/sec. 
at 15°. The failure was apparently due to the slight difference of density of the liquid in the 
diffusing column and that in the bath outside (< 0-2%), which is insufficient to prevent tur- 
bulent mixing. 

Northrup and Anson’s method (J. Gen. Physiol., 1929, 12, 543) of determining the diffusion 
through sintered glass membranes, previously calibrated with a substance for which the 
diffusion coefficient is known, gave satisfactory results. The vessels were similar to those of 
McBain and Liu (J. Amer. Chem. Soc., 1931, 53, 59). Two filters were employed (I, II) similar 
to that illustrated by McBain and Dawson (Proc. Roy. Soc., 1935, A, 148, 32, Fig. 2a), the volumes 
of the deuterium hydroxide solution above the membrane being (I) 24-0 c.c., (II) 23-4 c.c. 
These vessels were tightly fitted by means of rubber bands into beakers containing an equal 
volume of ordinary distilled water below the membrane. The liquids used were thoroughly 
degassed and the general technique of McBain and Liu was followed. The “ cell constants ” 
were determined at 20° with potassium chloride, for which D = 1-448 cm.?/day. 

During the diffusions the apparatus was placed in tall narrow glass vessels immersed in 
thermostats at the required temperatures, except in the experiments near 14°, which were carried 
out in a constant-temperature room. 

The deuterium concentrations of the liquids above and below the glass membrane were 
determined at the end of the diffusion by means of density measurements at 25° + 0-002°, 
a Sprengel pyknometer having a capacity of 13-6964 g. of ordinary distilled water being used. 
Before the density was determined, the liquids were thoroughly degassed by distillation in a 
vacuum, and this was repeated if necessary until a constant weight was obtained (+ 0-0001 g.). 
To avoid changes of the DOH : H,0 ratio by fractionation, the distillations were always carried 
to completion. 

The diffusion coefficient is given by 


D = (I/ht) log (¢ + c’)/(c — c’) 


where & is the cell constant, ¢ the time in secs. of the diffusion, and c and c’ the final volume 
concentrations of deuterium hydroxide in the cell and beaker. The value of the cell constant 
was 0-0541 for cell I, and 0-0903 for cell IT. 

The abundance of deuterium in ordinary water being assumed to be 1 part in 6000 (Edwards, 
Bell, and Wolfenden, Nature, 1935, 135, 793) and the density difference of pure H,O and D,O 
being taken as 0-10782, the weight of pure H,O filling the pyknometer is 13-6962 g. On the 
assumption that there is a linear relationship between the mol. fraction of deuterium [7 = 
D/(D + H)] and the density (Lewis and Luten, J. Amer. Chem. Soc., 1933, 55, 5061), the value 
of # is given by x = (M — 13-6962) x 0-99704/0-10782 x 13-6962, where M is the weight of 
the sample filling the pyknometer. 

Since the molecular volumes of H,O and D,O differ by only 0-4%, the volume concentration 
of deuterium hydroxide may be taken as proportional to its mol. fraction. However, since only 
a ratio of two concentrations appears in the equation by which D is calculated, it is unnecessary 
to determine the actual concentrations, which may be represented for practical purposes by 
A = M — 13-6962. The only assumption made is that over the limited concentration range 
employed the concentration of deuterium hydroxide is proportional to the difference in density 
of the sample and pure H,O. 

In the measurements of the diffusion rate in N-sulphuric acid and N-sodium sulphate, the 
liquids on the two sides of the membrane were initially (1) a solution of the electrolyte in approx. 
3% deuterium hydroxide, (2) a solution adjusted as near as possible to the same volume con- 
centration of the electrolyte in ordinary water. The sodium sulphate was removed from the 
solutions before analysis, by distillation, and the sulphuric acid was neutralised with calcium 


oxide, followed by distillation. 
The results are in Table I. 
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TABLE I. 
Diffusion coefficients of deuterium hydroxide (2—3%). 


A. Diffusion in water. 


Time A x 104. D x 105, D x 105, 
Temperature. (mins.). Cell. Beaker. cm.?/sec. mean. 
0-1° + O-1° 2517 226 30 1-42 


2537 207 48 1:49 
14:3 + 0005 1320 242 24 201 


1145 234 30 1°86 
25°0 + 0°002 1429 236 33 2°63 


1207 225 44 2°65 
35°0 + 0°01 1118 175 28 3°87 


1075 161 41 3°88 
45°0 + 0°02 1060 154 29 4°81 


960 143 39 4°68 


B. Diffusion in N-sulphuric acid. 
13°5 + 0°05 1342 212 20 1°88 


1180 204 27 1°81 


C. Diffusion in N-sodium sulphate. 
13°85 + 0°05 1360 188 27 1:74 


1353 179 27 1°81 


1°46 
1°94 


2°64 


DISCUSSION. 


The observed rates of diffusion are of the magnitude to be expected for a molecule 
of the mass and size of the water molecule; ¢.g., at 15° the observed coefficient is about 
50% greater than that of methyl alcohol in water (1-28 x 10-5) and nearly twice that of 
formic acid (1-04 x 10-5). There is thus nothing abnormal about the diffusion of deuter- 
ium hydroxide in water, and presumably the self-diffusion of water has nearly the same 
magnitude. 

A physical picture of the meaning of the diffusion coefficient can be obtained in the 
following way. Consider a plane of DOH molecules of unit area, placed in 
contact with a similar plane of HOH molecules, as shown in cross section in 
Fig. 1. Since the molecular volumes of HOH and DOH are nearly the 
same, the number of molecules in each unit plane will be nearly the same 
and, the molecular volume of water being taken as 18-1 c.c., equal to 
1-04 x 1015. The concentration gradient between the two planes is obtained 
by dividing the difference of the numbers of molecules per c.c. of one kind 
on the two sides by the distance between the centres of the two planes, which 
is taken as (molecular volume)?, viz., 


d 6-06 x 108 18-1 $ 
i= ( is] ) I (exe = =) = 1-08 x 10° mols. /cm.4 


According to Fick’s equation, ds/dt = DA .dc/dx, where ds/dt is the rate at 
which molecules pass a given plane of area A under a concentration gradient 
dc/dx. Taking Das 2 x 10° cm.?/sec., we obtain for unit area 


ds/dt = 2-16 x 1075 molecules/sec. 


a. ae average life of a molecule in the original layers (with respect to 
diffusion across the central plane) is thus 1-04 x 10'5/2-16 x 10% = ca. 5 x 10™ sec. 
(at 15°). 


Fic. 1. 
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For reasons stated above, it may be supposed that the interchange of molecules in pure 
water takes place at the same rate. It may be supposed that the molecules in a liquid 
occupy a certain territory and are vibrating about mean positions. Occasionally a molecule 
acquires sufficient energy to escape from its territory. If the vibrational frequency is 
known, the fraction of the total number of vibrations which give rise to an “ escape” 
can be calculated. The vibrational frequencies of liquid water, as determined from infra- 
red and Raman spectra, are of the order of 3400 cm.*, i.e., 1 x 10" sec. (Rank, J. Chem, 
Phys., 1934, 2, 464). The escape frequency in one direction, which is the inverse of the 
average life of a molecule in a given plane, is 2 x 10% sec.*. The total frequency of escape 
in all directions may be taken as about 6 times this value or about 10" sec., so that it can 
be seen that one escape takes place in ca. 1000 vibrations. The molecules of water thus 
have a considerable mobility, which is not easily reconciled with a very definite structure. 

The diffusion coefficient increases rapidly with the temperature. It can be seen from 
Fig. 2, in which log D is plotted against 1/T, that within the experimental error a linear 
relation holds except at the lowest temperatures. From 10° to 45° the equation D = 
0-197¢*"? is reasonably accurate. The “ activation energy ” of the diffusion process, as 
determined in this way, is thus 5300 cals. (cf. Bradford, J., 1934, 1910). 


Fic. 2. 
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According to Einstein’s equation, which is probably only strictly applicable when the 
diffusing molecule is large compared with the solvent molecules, the diffusion coefficient 
is given by D = RT /6xqrN, where » is the viscosity of the medium and 7 the radius of the 
diffusing molecule. If is regarded as constant, the quantity Dy/T should be independent 
of the temperature. The following table shows that this is only very approximately the 


TABLE II. 
(K) 273°2° 287°4° 298°1° 308°1° 318°1° 
x 105, cm.*/sec. . 1:94 2°64 3°88 4°75 
03, c.g.s. . 11°65 8-949 7°208 5-970 


x 1 
9/T P 0-079 0-079 0-091 0-089 


In order to make Einstein’s equation compatible with an exponential form of diffusion 
equation it is necessary to use equations such as D = K*\/Te-4/27 and n = K’*\/Te4!"". 
It is not possible to distinguish experimentally between an expression of this form and that 
given above. — log » is plotted against 1/T in Fig. 2, and though a linear relation is 
obtained the slope is less than that of the corresponding D curve. However, the viscosity 
of water is known to be anomolous in this region, for at higher temperatures the slope 
changes and a still flatter curve is obtained. 
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The diffusion rate in N-sulphuric acid was determined in order to find the influence 
of the ionic mobility of hydrogen ions on the diffusion. The diffusion coefficient of deuter- 
jum ions can be calculated from their mobility by Nernst’s equation (Z. phystkal. Chem., 
1888, 2, 631), viz., Dp+ = 0-026. Up+ x 10-5cm.?/sec., where Up+ is the mobility in electrical 
units. Taking the mobility of D* ions in 3% deuterium hydroxide solution at 14° as 290, 
we obtain Dp>+ = 7-5 x 10° cm.?/sec. 

However, since the fotal concentration of hydrogen ions (H* + D*) is everywhere N, 
the concentration gradient of deuterium ions is 1/55-5 that of deuterium hydroxide. Thus 
the complete diffusion equation is 


ds/dt = DpoxA .dc/dx + (Dp+ A . dc/dx) /55-5 
= (Dpox + Dp+/55-5)A . de/dx. 


Since the total concentration of deuterium is determined in the analysis, it follows that the 


observed value of D is 
D = Dyox + (1/55°5)Dp+. 


Thus the effect of the mobility of the ions on the diffusion coefficient will be negligible in 
neutral solutions, but in N-sulphuric acid an increase of D of the order of (1/55-5)Dp+ = 
0-14 x 10°° cm.?/sec., which should be just detectable, is to be expected. Actually the 
value observed at 13-5° (viz., 1-70) is smaller than that of pure water at the same temper- 
ature (1-77), and is less than the expected value by more than the experimental error. 
It thus appeared that the value of Dpoy is decreased by the presence of sulphuric acid, 
possibly on account of the electrostriction of the water by the ions. To test this point, 
similar experiments were made with N-sodium sulphate, and a lowering of D by 0-12 x 10° 
cm.?/sec. was observed. The electrostrictive effect of the ions on the diffusion coefficient 
may thus be greater than the addition term due to the mobility of hydrogen (or deuterium) 
ions in an acid solution. 
SUMMARY. 


Measurements have been made of the diffusion coefficient of deuterium hydroxide 
(ca. 3%) in water at temperatures between 0° and 45°, and from the results an estimate 
is made of the rate of self-diffusion in water. In neutral solutions the effect of the mobility 
of the hydrogen ions is probably negligible. It should be an observable quantity in a N- 
acid solution, but the effect is obscured by a decrease of the diffusion coefficient caused by 
the electrostriction of water by the ions. 


We thank the Carnegie Universities Trust for a Scholarship awarded to W. J. C. O., and the 
Chemical Society, the Earl of Moray Endowments, and Messrs. Imperial Chemical Industries 
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304. The Constitution of Vasicine. 
By Hari R. JUNEJA, KARTAR S. NARANG, and JNANENDRA N. RAy. 


NARANG and RAy (Current Sci., 1934, 2, 388; Chem. and Ind., 1934, 58, 698) gave reasons 
for the failure of Spaéth and Nikawitz’s formula (Ber., 1934, 67, 45) for vasicine (I), and 
proposed a cyclic and an open-chain alternative. Of these, they preferred the latter, 
chiefly on account of the formation of 4-quinazolone by oxidation, although they realised 
(J., 1932, 2740) that this did not necessarily fix the position of the oxygen atom of vasicine. 
It has now become evident that an open-chain formula is untenable, and hence vasicine 
can be either (II) or (III). 

The formation of 4-quinazolone-3-acetic acid (Spath and Nikawitz, loc. cit.) does not 
necessarily depend on the existence of the alcoholic hydroxyl group on the carbon atom 
8 to the nitrogen atom. A compound of structure (II) is incapable of furnishing 4-quin- 
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azolone-3-acetic acid, but in view of the fact that we isolated 4-quinazolone only by oxid- 
ation, we could not entirely rule it out. 


CH, 


OH CH 

CH Nv ( \N—H, 

/NN-CH;CH:CH, Hy \ va H, 
YH N CH-OH H 
CH,—CH, OH 

(I.) (II.) (III.) 


CH, 


NH (V.) 
CO—CH,-CH,"CO,H 


No, 


In order to decide between formule (II) and (III) the substances (IV) and (V) were 
prepared. The former was obtained by the condensation of o-nitrobenzyl chloride with 
potassium succinimide, and the latter by the addition of succinic anhydride to o-nitro- 
benzylamine. On reduction, these compounds gave respectively (VI) and (VII). 


CH, CH 


(VI.) OC ee . (VII.) 
ONG ONn, 
CO—CH, 


Electrolytic reduction of (VI), (VII), and natural vasicine furnished three bases, of which 
the picrolonates of those derived from (VI) and natural vasicine were identical. Therefore, 
there is no doubt that vasicine has the structure (III). These results have been already 
outlined (Current Sci., 1935, 3, 352), and we were engaged in synthesising vasicine by 
condensing -bromoacetoacetic ester with o-nitrobenzylamine and closing the ring in the 
product by reduction of the keto-group to a secondary alcohol when we were forestalled 
by the publication of an almost identical synthesis (Ber., 1935, 68, 699). 


EXPERIMENTAL. 


The base from 2 g. of o-nitrobenzylamine hydrochloride in benzene (50 c.c.) was heated 
under reflux with succinic anhydride (1-0 g.) for 1 hr., and the crystalline deposit (1-7 g.) col- 
lected ; o-nitrobenzylsuccinamic acid (V) crystallised from toluene in needles, m. p. 116° (Found : 
C, 52-4; H, 4:85. C,,H,,0,;N, requires C, 52-4; H, 48%). 

o-Aminobenzylsuccinamic Acid.—The foregoing amic acid (1 g.) in aqueous ammonia (d 
0-84; 10c.c.) was reduced with ferrous sulphate (10 g.) in water (20 c.c.) at 100°. The filtrate 
was concentrated, acidified with acetic acid, and extracted with ethyl acetate (100 c.c.). The 
residue obtained from the ethyl acetate was crystallised from xylene; m. p. 145° (0-6 g.) 
(Found: C, 59-7; H, 6-3. C,,H,,0O,;N, requires C, 59-9; H, 6-3%). The presence of a free 
amino-group was proved by diazotisation and coupling with alkaline B-naphthol. 

This substance (1 g.) was mixed with freshly-fused sodium acetate (5-0 g.) and heated in 
dry hydrogen at 140—150° for 1 hr. The product (VII), after treatment with cold water, was 
crystallised from water; m. p. 192° (Found, in substance dried at 125°: C, 71-0; H, 5-3. 
C,,H,,ON, requires C, 71-0; H, 5-3%). 

Succino-o-nitrobenzylimide (IV).—A mixture of o-nitrobenzyl chloride (1-37 g.), potassium 
succinimide (1-72 g.), and sodium chloride (4-5 g.) was stirred at 120—130° for 45 minutes. 
After treatment with water, the residue was crystallised from dilute alcohol; m. p. 130° (Found : 
N, 12-2. C,,H,9O,N, requires N, 12-0%). 

The foregoing substance (1 g.) was added in small quantities to a solution of stannous chloride 
(5-0 g.) in hydrochloric acid (d 1-16; 5c.c.), kept at 70—80° for lhr. The double tin compound 
was collected and decomposed by alkali and the base (VI) was extracted in chloroform (100 c.c.) 
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and crystallised from water; m. p. 186°, mixed m. p. with (VII) 125—150° (Found, after 
drying at 100° in a high vacuum: C, 70-8; H, 5-3. C,,H, ON, requires C, 71-0; H, 5-4%). 

Electrolytic Reduction.—The substances (VI), (VII), and natural vasicine were each reduced 
at a lead cathode (9 cm. x 5 cm.) on which electrolytic lead had been freshly deposited. The 
anode was a strip of lead. The concentration of sulphuric acid was 10—15% in the anodic 
compartment and 20—25% in the cathodic. The current strength was 5—6 amps. The 
temperature of the cathodic compartment was kept at 20—30° by a circulating water device. 
The average temperature of the anodic compartment was 30—40°. 

(a) 0-7 G. of (VII), dissolved in 20% sulphuric acid (20 c.c.), was reduced for 18 hrs. The 
product was isolated with ether after basification. The residue obtained from the ether was 
treated with picrolonic acid in alcoholic solution. The picrolonate crystallised from alcohol 
in thick well-defined prisms, m. p. 203—210° (decomp.) (195—197° in a vacuum) (Found: 
C, 52-9; H, 4-4; N, 19-1. C3,H39O,9N49 requires C, 53-0; H, 4:3; N, 19-9%). The percentage 
of nitrogen was low on account of traces of unreduced oxides of nitrogen. 

(b) Vasicine (0-7 g.), in sulphuric acid (20%), was reduced for 18 hrs. The product was 
isolated as before and converted into a picrolonate, which crystallised from alcohol in well- 
defined rectangular plates, m. p. 207—-213° (decomp.) (202—205° in a vacuum) (Found: C, 
52-5; H, 4:3; N, 19:2%). This picrolonate differed in solubility and crystalline form from 
the preceding picrolonate and depressed its m. p. 

(c) The substance (VI) on reduction furnished a base which gave a picrolonate, crystallising 
from alcohol in thick well-defined rectangular plates, indistinguishable from the picrolonate 
of reduced vasicine, m. p. and mixed m. p. 207—213° (decomp.) (202—205° in a vacuum) 
(Found: C, 52-6; H, 4-7. C3,H39O,9Ny9 requires C, 53-0; H, 4:3%). 


THE UNIVERSITY, LAHORE. [Received, May 14th, 1935.) 





305. Reactions of Unsaturated. Compounds. Part IV. Addition of 
Aniline to Olefins. 


By W. J. HickINBoTToM. 


It has been shown (Hickinbottom, J., 1932, 2400) that when trimethylethylene reacts with 
aniline hydrochloride or hydrobromide, the olefin attaches itself to the nucleus to yield 
p-amino-tert.-amylbenzene. It seemed desirable to examine this reaction in greater detail, 
particularly as many unsaturated hydrocarbons, such as cyclohexene, styrene, and buta- 
diene, not only react with the nucleus of aniline, but also combine with the amino-group to 
yield a secondary amine (Hickinbottom, J., 1932, 2646; 1934, 319, 1981). 

It is now found that, under suitable conditions, the above reaction yields also y- and 8- , 
anilino-8-methylbutane, (I) and (II), in approximately equal proportion; and a similar 
result is obtained if in this reaction the aniline hydrohalide is replaced by the cobalto- 
bromide or cobaltochloride. This is of interest, in that it is the first example of the com- 
bination of an amino-group with an olefin in which there is a serious divergence from the 
regularities observed for the addition of halogen hydrides to olefins. The reaction of aniline 
with other olefins, viz., y-methyl- and y-ethyl-A®-pentene, (III) and (VI), and tetramethyl- 
ethylene (IX) and octylene, was also examined. Each yielded a mixture of alkylaniline 
and nuclear-substituted aniline. The relative yields of primary and secondary amines in 

(I.) CMe,Et-NHPh CHMe,°CHMe-NHPh (IL) 
CMeEt:CHMe —~> CMcEt,: NHPh and CMeEt,°C,H,’NH, 
(III.) (IV.) (V.) 
CEt,;CHMe —>»> CEt,-NHPh and CEt,°C,H,-NH, 
(VI.) (VII.) (VIII.) 
CMe,-CMe, —>»> CHMe,°CMe,*NHPh and CHMe,°CMe,°C,H,NH, 
(qx. (X.) (XI.) 
the product depended largely on the experimental conditions; the use of a considerable 
excess of aniline and of a relatively small amount of aniline hydrohalide favours the produc- 
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tion of an alkylaniline (compare Table II, p. 1281). The structure of the olefin also has a 
marked influence on the yield of alkylaniline; ¢.g., although octylene furnishes sec.-octyl- 
aniline as the principal product, with only a very small amount of f-amino-sec.-octyl- 
benzene, yet tetramethylethylene, under similar conditions, yields 6-p-aminophenyl-fy- 
dimethylbutane (XI) with only a very small amount of the corresponding alkylaniline (X). 


EXPERIMENTAL. 


Reaction of Aniline Salis with Trimethylethylene : Formation of p-Amino-tert.-amylbenzene, 
tert.-Amylaniline, and B-A ntlino-y-methylbutane.—Trimethylethylene was prepared from ert.- 
amy] alcohol by slow distillation with a small amount of iodine, and purified by refluxing with 
sodium and fractionation over sodium; it had b. p. 36—37°. 

Mixtures of trimethylethylene with an excess of aniline containing some aniline hydrochloride 
or hydrobromide were heated in sealed tubes at 230—250° for 54—25 hours. Precise details of 
some of these experiments are recorded in Table I. 


TABLE I. 
Yield, g. 





Heating. 


+ 


Aniline salt added, o~ . ‘p-Amino- 
Aniline, and wt., g. Amylene, Duration, tert.-amyl- Amyl- Diphenyl- 
g. A g. Temp. hrs. benzene. aniline. amine. 


30 PhNH,,HBr é 6 230—250° 6°5 ; 0°57 2°05 
30 PhNH,,HBr 6 230—250 6 j 0°51 0°68 
40 PhNH,,HBr 71 240—260 5°5 p 1°84 2°01 

100 PhNH,,HBr 12 240—260 25 , 0°59 not detd. 
40 PhNH,,HBr 71 230—255 6 ; 1°94 2°24 


(i) Isolation of p-amino-tert.-amylbenzene. The contents of each batch of tubes were made 
alkaline and amine was separated, dried, and fractionated to remove as much as possible of the 
aniline. The residue was treated with a slight excess of N-sulphuric acid (Congo-red paper). 
The precipitate of sulphate was collected, washed with water, and extracted with ether. The 
filtrate and ethereal washings were reserved (A). The sparingly soluble sulphate consisted of 
p-amino-tert.-amylbenzene sulphate mixed with some aniline sulphate; the former base was 
purified through its acetyl compound. 

(ii) Isolation of diphenylamine. The filtrate and ethereal washings (A) were combined, the 
ethereal layer then separated, and the aqueous layer (B) extracted several times with ether. 
Evaporation of the dried ethereal extracts yielded crude diphenylamine, which after purification 
was identified by its m. p. and by conversion into the nitrosoamine (m. p. and mixed m. p.). 

(iii) Isolation of tert.-amylaniline (I) and of B-anilino-y-methylbutane (II). The aqueous 
solution (B) contained principally secondary amines with some aniline as sulphates. The 
former were concentrated by the following process. The aqueous solution was rendered alkaline, 
the amines separated, and the aniline precipitated as zincichloride (compare Hickinbottom, 
J., 1930, 993). The crude secondary amines thus obtained were treated in aqueous suspension 
with acetic anhydride (Hickinbottom, J., 1933, 947) and steam-distilled. The amine collected 
in the distillate boiled at 112—114°/26 mm. and was a mixture of (I) and (II). Separation was 
accomplished by treating the mixture in pyridine solution with half the theoretical amount of 
p-toluenesulphony] chloride, and keeping it over-night ; water was then added, and the oil which 
separated was taken upinether. The ethereal solution was freed from pyridine and unchanged 
tert.-amylaniline by shaking with several successive amounts of dilute hydrochloric acid; 
addition of sodium nitrite to the aqueous acid extracts yielded phenyl-tert.-amylnitrosoamine, 
m. p. and mixed m. p. 47—48° (Hickinbottom, J., 1933, 950), and evaporation of the ethereal 
solution yielded a crystalline residue of the p-toluenesulphonyl derivative of B-antlino~y-methyl- 
butane. After several crystallisations from alcohol, it was obtained pure as lozenge-shaped 
plates, m. p. 83—84° (Found: C, 67-8; H, 7-1; N, 4:4. C,,H,,;0,NS requires C, 68-1; H, 7-3; 
N, 44%). Although the m. p. is very close to that (79—80°) of the same derivative of iso- 
amylaniline, a mixture of the two melts below 70°. 

Reaction of Aniline Salts with y-Methyl-AP-pentene: Formation of p-Amino-tert.-hexyl- 
benzene (V) and tert.-Hexylaniline ([V).—The olefin was prepared (a) by slow distillation of 
methyldiethylcarbinol with a small amount of iodine, (b) by the action of aniline on y-iodo-y- 
methylpentane. Both methods yielded the same material, which was refluxed over sodium and 
twice fractionated over the same metal; b. p. 69—71°. 
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The general procedure for bringing about the reaction with aniline and for isolating the 
products was similar to that already described. The experimental conditions and the yields of 
the products are summarised in Table II. 


TABLE II. 
Yield, g. 





Heating. 4 biting 
Aniline salt added, P A , p-Amino- 
Aniline, and wt., g. Hexylene, Duration, ¢tert.-hexyl- Hexyl- Diphenyl- 
A Temp. hrs. benzene. aniline. amine. 

PhNH,,HBr , 260—280° 5 1°41 0°85 1-98 
PhNH,,HCl , 230—270 2°7 17 3°07 
PhNH,,HCl : 285—290 P 1-02 trace not detd. 
PhNH,,HCl 3° 260—270 : 0°63 0:07 not detd. 
PhNH,,HCl . 250—260 21 0°12 not detd. 








p-A mino-tert.-hexylbenzene is a liquid with a pale yellow tint, b. p. 135°/28 mm. (Found : 
C, 81-8; H, 10-4. C,,H,,N requires C, 81-3; H, 10-8%). The hydrochloride crystallised from 
warm dilute hydrochloric acid in leaflets (Found: HCl, 17-2. C,,H,,N,HCl requires HCl, 
17-1%), fairly easily soluble in water and precipitated from aqueous solution by the addition of 
hydrochloric acid. The sulphate was obtained as white platelets, sparingly soluble in water 
[Found: H,SO,, 21-6. (C,,H,)N),H,SO, requires H,SO,, 21-7%]. The acetyl derivative 
crystallised from aqueous alcohol as thin leaflets, m. p. 102—103° (Found: C, 76-5; H, 9-3; 
N, 6:7. C,4H,,ON requires C, 76-7; H, 9-7; N, 64%), and the p-toluenesulphonyl derivative 
formed silky needles, m. p. 119—120°, from the same solvent (Found: C, 69-3; H, 7:8. 
C,,H,,O,NS requires C, 68-8; H, 7-6%). 

The ¢ert.-hexylaniline, isolated from the reaction product, was purified by treatment with 
aqueous acetic anhydride, followed by 2 days’ contact with a small amount of p-toluenesulphonyl 
chloride. Steam-distillation of the latter mixture after the addition of sodium carbonate 
yielded pure #ert.-hexylaniline, b. p. 123—124°/23 mm. (Hickinbottom, J., 1933, 950, gives 
120—121°/17 mm.). It was characterised by its picrate, a golden-yellow, crystalline mass, 
m. p. 130—132°, from benzene-light petroleum (Found: C, 52-8; H, 5-4; N, 13:8. 
C,,H,,N,C,H,O,N, requires C, 53-2; H, 5-4; N, 13-8%); a specimen prepared from the base 
derived from ¢ert.-hexyl iodide melted at 132—133° under similar conditions, and a mixture of 
the two specimens at 131—132°. 

Reaction of Aniline Salts with y-Ethyl-A8-pentene : fs prepare of p-Amino-tert.-heptyl- 
benzene (VIII) and tert.-Heptylaniline (VII).—The olefin was prepared by the slow distillation 
of triethylcarbinol with a small amount of iodine; another specimen was obtained by the action 
of aniline on /ert.-heptyl iodide (p. 1282). Both specimens were identical and were purified by 
boiling over sodium for several hours; b. p. 96—97° (Saytzeff, J. pr. Chem., 1898, 57, 39, gives 
b. p. 97—98°). 

Aniline (50 g.), aniline hydrochloride (8 g.), and y-ethyl-A8-pentene (10 g.) were heated to- 
gether in sealed tubes for 12 hours at 230—260°. The product was a dark liquid resting on a 
small amount of crystalline material. It was worked up by a process similar to that described 
for the reaction with trimethylethylene. After removal of aniline and diphenylamine, the 
product (1-99 g.) had b. p. 130—145°/18 mm. This furnished 1-22 g. of primary and 0-35 g. 
of secondary amine. Another preparation, from 30 g. of aniline, 6 g. of the hydrochloride, and 
10-9 g. of the olefin (20 hrs. at 230—260°), gave 0-71 g. of primary and 0-16 g. of secondary amine. 

The primary amine isolated from the mixture consisted very largely of p-amino-tert.-heptyl- 
benzene, together with an isomeric amine in quantity too small for purification. 

p-A mino-tert.-heptylbenzene (p-aminotriethylcarbinylbenzene) was purified through its acetyl 
derivative, which crystallised from aqueous alcohol in leaflets, m. p. 140—141° (Found: C, 
77-2; H, 10-0. C,;H,,;ON requires C, 77-2; H, 9-9%), and was thence obtained as a very pale 
yellow liquid, b. p. 144—145°/32 mm., which solidified on keeping and then crystallised from light 
petroleum as a mass of white needles, m. p. 56—58° (Found: C, 82-0; H, 10-9. C,,;H,,N 
requires C, 81-6; H, 11-1%); hydrochloride (Found: HCl, 16-4. C,,;H,,N,HCl requires HCl, 
16-0%). 

The secondary amine from the reaction yielded a nitrosoamine, which eventually crystallised 
and was identified as phenyl-tert.-heptylnitrosoamine by comparison with an authentic specimen. 

Preparation of tert.-Heptylaniline (y-Anilino~y-ethyl-n-peniane)—A mixture of aniline 
(70 g.) and ¢ert.-heptyl iodide (81 g.) soon became solid, and was then heated for 4 hour to com- 
plete the reaction. The y-ethyl-A*-pentene formed was removed by distillation (yield, 20-35 g. ; 
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calc., 34-8 g.). The residue containing aniline and /ert.-heptylaniline was rendered alkaline, and 
the amine taken up in ether, dried, and fractionated to remove as much as possible of the aniline. 
lert.-Heptylaniline was isolated from the residue by treating an aqueous suspension with a slight 
excess of acetic anhydride, keeping it for 24 hours, adding an excess of sodium carbonate, and 
steam-distilling the mixture. The amine isolated from the distillate was again treated with 
aqueous acetic anhydride and steam-distilled. tert.-Heptylaniline was thus obtained as a 
refractive, very pale yellow liquid having an odour somewhat like those of its lower homologues 
containing tertiary alkyl groups; b. p. 131—132°/26 mm. (Found: C, 81-5; H, 11-3. 
C,,;H,,N requires C, 81-6; H, 11:1%). The picrate separated from benzene as bright yellow, 
prismatic needles, m. p. 129—130° (Found: C, 53-8; H, 5-7. C,3;H,,;N,CgH,;O,N; requires 
C, 54-3; H, 58%); and the nitrosoamine crystallised from light petroleum (b. p. 40—60°) 
as six-sided plates or stout prismatic needles, m. p. 49—50° (Found : C, 71-1; H, 9-5. C,;H,,ON, 
requires C, 70-85; H, 9-15%). 

The tert.-heptyl iodide required for the above preparation was prepared by saturating tri- 
ethylcarbinol with dry hydrogen iodide. It was a colourless liquid, b. p. 64—66°/21 mm., which 
soon became slightly brown (Found : I, 56-0. C,H,,I requires I, 56-15%). 

Reaction of Aniline Salis with Octylene : Formation of sec.-Octylaniline-—The octylene was 
prepared by the distillation of sec.-octyl alcohol with about 5% of its weight of sulphuric acid, 
and freed from traces of alcohol by prolonged refluxing with sodium. The purified product 
boiled steadily at 122°, but it was probably a mixture of A*- and A’-octenes (Senderens, Compt. 
vend., 1912, 154, 778). 

A mixture of 12 g. of aniline hydrochloride, 40 g. of aniline, and 7-2 g. of octylene was heated 
at 210—240° for 24 hours in sealed tubes. The product was treated with a slight excess of dilute 
hydrochloric acid, and then extracted with ether to remove diphenylamine. The aqueous solu- 
tion was rendered alkaline, and the liberated amines separated and distilled, 1-87 g. being 
collected at 147—150°/22 mm. This was separated into a primary amine (0-1 g.), the nature 
of which will be discussed in a subsequent paper, and sec.-octylaniline (1-0 g.), b. p. 148—150°/20 
mm. It was characterised by its p-toluenesulphony] derivative, m. p. 58—59°. 

In order to establish the identity of this amine, sec.-octylaniline was prepared by the inter- 
action of sec.-octyl bromide (40 g.) and aniline (55 g.). It was a colourless liquid, b. p. 288—289° 
(corr.)/751 mm., 150°/20 mm. (yield, 30 g.) (Found: C, 82-1; H, 11-3. C,,H,3N requires C, 
81-9; H, 11-3%). The p-toluenesulphonyl derivative, prepared in pyridine solution, separated 
from alcohol as transparent prisms, m. p. 59°, identical with that isolated as described above 
(Found : C, 69-7; H, 8-1; N, 4-1. C,,H,,O,NS requires C, 70-1; H, 8-1; N, 3-9%). 

Reaction of Aniline Salts with Tetramethylethylene: Formation of 8-p-Aminophenyl-By- 

dimethylbutane (X1).—The olefin was prepared by the dehydration of pinacolin alcohol by slow 
distillation after the addition of a small amount of iodine. The product was resolved into two 
fractions, the principal one being tetramethylethylene, b. p. 69—71°; the other boiled at 55—61° 
and was probably a-methyl-«-isopropylethylene (compare Zelinsky and Zelikow, Ber., 1901, 34, 
3250). 
A mixture of aniline (40 g.), tetramethylethylene (5-6 g.), and aniline hydrochloride (6 g.) 
was heated in sealed tubes for 25 hours at 235—240°, and the product worked up in the usual 
manner. The resulting primary amine was isolated through its sparingly soluble sulphate and 
purified by conversion into its acetyl derivative (yield, 1-90 g.), which separated from aqueous 
alcohol or acetic acid as white platelets, m. p. 118° (Found : C, 77-0; H, 9-5; N, 6-6. C,,H,,ON 
requires C, 76-7; H, 9-7; N, 6-4%). Hydrolysis of this compound furnished 8-p-aminophenyl- 
By-dimethylbutane, a very pale yellow oil, b. p. 138—139°/23 mm. (Found: C, 81-1; H, 10-8. 
C,,H,,N requires C, 81-3; H, 10-8%); its hydrochloride formed stellate groups of thin trans- 
parent plates, sparingly soluble in hydrochloric acid (Found : HCl, 16-8. C,,H,,N,HCl requires 
HCI, 17-1%). 

There was evidence of the formation of a secondary amine in this reaction, for the filtrate 
from the sulphate of the primary amine (see above) furnished an amine, which, after treatment 
with aqueous acetic anhydride, followed by steam-distillation, afforded 0-05 g. of an amine (from 
12 c.c. of olefin), b. p. ca. 125—130°/21 mm., which furnished a nitrosoamine. The amount 
available was too small for further examination. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, July 18th, 1935.] 
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306. Pyrimidines. Part II. 
By ROBERT ROBINSON and (Miss) M. L. ToMLINsoN. 


THE object of the present experiments is the eventual synthesis of analogues of vitamin-B, 
which Professor R. A. Peters requires in connexion with his studies of the relation between 
physiological action and chemical constitution in the group. 

As the result of a brilliant investigation, Williams and his co-workers (J. Amer. Chem. 
Soc., 1935, 57, 229, 536) have advanced the view that the expression (I) represents the 
constitution of the vitamin and, although the full details have not yet been disclosed, this 
formula is certainly in good agreement with the behaviour of the substance. Thus, 
although vitamin-B, appears to be unimpaired in activity after treatment with nitrous 
acid in acid solution (Peters, 1923 and private communication; von Veen, Rec. trav. chim., 
1932, 51, 279), the existence of the quaternary ammonium group may greatly reduce the 
effective basic function of the free amino-group, especially as the spatial proximity of the 
two groups would favour the inhibition contemplated. 

The formula is also resourceful in connexion with the formation of various pyrimidazine 
degradation products. The action of alkaline agents might proceed as shown below and 
account for one of the fluorescent substances encountered by Peters (Nature, 1935, 135, 
107). 

Me 

HO Et N 


Et = ==C-CH,-CH,OH _,N \oMe 
N me *CHyCH,0H + HCO,H + H,S 
N N 


N ‘NH a) (I1.) 
In the hope of synthesising a pyrimidazine of the type (II), we have prepared 4 : 5-diamino- 
6-ethylpyrimidine (III), following a method devised by Gabriel and Colman (Ber., 1907, 
34, 1266) for the lower homologue. 

6-Ethyluracil (Wheeler and Bristol, J. Amer. Chem. Soc., 1905, 33, 446), obtained 
originally from ethyl-ys-thiourea, cannot be prepared by the condensation of ethyl propionyl- 
acetate and urea; it was, however, accessible from 6-ethyl-2-thiouracil (IV) by interaction 
with hot dilute nitric acid. 
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(III. (IV.) (V.) (VI.) 
5-Nitro-6-ethyluracil (V) was converted into 2 : 4-dichloro-5-nitro-6-ethylpyrimidine (V1), 

and then into 2-chloro-5-nitro-4-amino-6-ethylpyrimidine (VII) by the action of ammonia. 
The corresponding diamine condenses with benzil to (VIII), so the chlorine atom in 
position 4 is the more reactive (compare Gabriel and Colman, Joc. cit.). The elimination 
of the chlorine atom in position 2 was effected by means of hydrazine in the presence of 
palladised strontium carbonate, and the base (III) obtained. 


Et Et N 


vir N¢ \NOz N \ Ph (VIII.) 
Cl NH, Cl JE&Ph 
¥ ¥ ¥ 


EXPERIMENTAL. 


6-Ethyl-2-thiouracil (I[V).—Ethyl propionylacetate (43-3 g.) (Willstatter and Clarke, Ber., 
1916, 47, 298) and thiourea (22-8 g.) were dissolved in alcoholic sodium ethoxide (7-0 g. of sodium 
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in 150 c.c.) and the solution was refluxed for 2 hours and then evaporated. On addition of 
acetic acid to an aqueous solution of the residue, ethylthiouracil separated. It crystallised from 
water in colourless prisms (31 g.), m. p. 228° (Found: C, 45-8; H, 5-2. C,H,ON,S requires C, 
46-2; H, 5-1%). The condensation was also accomplished in cold alcoholic solution in the 
presence of hydrogen chloride. 

When ethylthiouracil (2 g.) was gently heated with nitric acid (25 c.c. of 2-5N), a brisk 
evolution of nitrous fumes occurred and the solid passed into solution. Ammonia was added 
until present in excess and the liquid was evaporated to dryness on the steam-bath. The 
residue was washed by trituration with water and then crystallised from water. The ethyl- 
uracil separated in colourless prisms, m. p. 205° (yield, 50—55%) (Found: C, 51-1; H, 6-0. 
Calc. for CsH,O,N, : C, 51-4; H, 5:7%). Methyluracil was obtained from methylthiouracil 
by a similar procedure. 

5-Nitro-6-ethyluracil (V).—Ethyluracil (1 g.) was added to a mixture of equal parts of fuming 
nitric and sulphuric acids (4 c.c.) at 25—30°. The solution was poured on ice and the faintly 
yellow, crystalline precipitate was recrystallised from water, separating in yellowish prisms, 
m. p. 230° (decomp.) (Found : C, 39-1; H, 3-8. C,H,O,N, requires C, 38-9; H, 3-8%). The 
yield was almost quantitative. 

2 : 4-Dichloro-5-nitro-6-ethylpyrimidine (VI).—A mixture of nitroethyluracil (4 g.) and 
phosphoryl chloride (8 c.c.) was heated in a sealed tube at 130° for 1-5 hours. The resulting 
brown liquid was added to ice, and the solution extracted with light petroleum. After being 
dried with sodium sulphate, the extract was concentrated, and the yellow residual oil was 
distilled in a vacuum; it then solidified to an almost colourless mass, m. p. 31° (Found : Cl, 31-3. 
C,H,O,N,Cl, requires Cl, 31:9%). The yield was unsatisfactory (25% or less) and variable; 
also the product could not be crystallised from a solution. 

2-Chloro-5-nitro-4-amino-6-ethylpyrimidine (VII).—When the above dichloro-compound 
(2 g.) was triturated with cold aqueous ammonia (10 c.c., d 0-880), it became liquid but later 
solidified to a yellowish crystalline mass. The product (1-5 g.) crystallised from alcohol in pale 
yellow plates, m. p. 140—141°, which rapidly became darker on exposure to light (Found : 
C, 35-8; H, 3-7. C,H,O,N,Cl requires C, 35-6; H, 3-5%). 

2-Chloro-4 : 5-diamino-6-ethylpyrimidine.—The nitroamine (VII) was reduced by a method 
similar to that used by Gabriel and Colman (loc. cit.) for the corresponding methyl compound. 
The base (1-5 g.) was added slowly to hydrated stannous chloride (7-5 g.) in concentrated hydro- 
chloric acid (7-5 c.c.); the solution became hot and it was placed on a boiling water-bath for 5 
minutes, diluted with water, and sufficient potassium hydroxide added to precipitate the tin and 
redissolve the hydroxide. The solution was then extracted with ether; after the solvent had 
been evaporated, a colourless solid remained. This crystallised from water in fine needles, 
which fell to a powder, m. p. 203°, on drying (yield, 1 g.) (Found: C, 42-0; H, 5-6; N, 32°4. 
C,H,N,Cl requires C, 41-8; H, 5-2; N, 32-6%). 

The Condensation of 2-Chloro-4 : 5-diamino-6-ethylpyrimidine with Benzil—Equal weights of 
the reactants were heated together at 145° for 14 minutes. The product was rubbed with alcohol 
and then recrystallised from alcohol, from which 17-chloro-2 : 3-diphenyl-5-ethylpyrimidazine 
(VIII) separated in orange-yellow plates, m. p. 179—181° (Found: C, 69-5; H, 4-6. C,9H,,;N,Cl 
requires C, 69-3; H, 4-3%). An aqueous-alcoholic solution of the substance exhibits a bluish- 
green fluorescence. 

4 : 5-Diamino-6-ethylpyrimidine (II1).—2-Chloro-4 : 5-diamino-6-ethylpyrimidine (0-5 g.) 
was dissolved in alcohol (100 c.c.) and fresh alcoholic potassium hydroxide (50 c.c. of 10%) 
together with palladised strontium carbonate (5 g. of 2%) was added. The solution was then 
mixed with hydrazine hydrate (40 drops) and boiled for } hour onasteam-bath. After filtration 
and washing with alcohol and water the filtrate was concentrated to remove the alcohol, diluted 
somewhat with water, and washed with ether, which removed a little oily matter. The aqueous 
solution was concentrated to a small bulk, carbon dioxide being passed in to neutralise the alkali. 
A precipitate, which formed on cooling, was collected and dried. It was extracted with cold 
acetone and the acetone solution was evaporated to dryness. The yellowish crystalline residue 
was recrystallised from ethyl acetate, from which 4 : 5-diamino-6-ethylpyrimidine separated in 
large, pale yellow prisms, m. p. 159—161° (Found : C, 52-4; H, 7-5; N, 40-3. CgHioN, requires 
C, 52-2; H, 7-2; N,40-6%). The substance was soluble in water and alcohol but very sparingly 
soluble in ether. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, August 1st, 1935.] 
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307. Experiments on the Synthesis of Substances related to the Sterols. 
Part II. A New General Method for the Synthesis of Substituted 
cycloHexenones. 


By WILLIAM SAGE RaApson and ROBERT ROBINSON. 


THE methods for the synthesis of 1 : 5-diketones have been explored in this laboratory for 
two reasons : (i) it was thought that pinacols such as (I) might furnish the characteristic 
angle-methyl ketone group (II) of cestrone by intramolecular change; (ii) the diketones 


a OH CH, Pe 

he \F 
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* ." CH 1 4 5 

4 Nh, “ CH, 

(I.) (III.) (IV.) 

themselves (III) might be dehydrated with the formation of cyclohexenones (IV). The 

present communication is concerned with the latter scheme, which has not hitherto been 

realised in the form developed below. 

Somewhat analogous cyclohexenone syntheses have been described (Knoevenagel, 
Annalen, 1894, 281, 25; 1895, 288, 321; Harries, Ber., 1914, 47, 784), but in these cases 
(e.g., the condensation of ethyl sodioacetoacetate and unsaturated ketones) the reactive 
methylene group is not derived from the unsaturated ketone component. 

An approach to the contemplated synthetical method was sought in the study of the 
condensation of the alkali-metal derivatives of phenols with «f-unsaturated ketones, a 
typical case being the coupling of 8-naphthol with methyl vinyl ketone (Miller and Robinson, 
J., 1934, 1535). This succeeded, but the obvious extension implied by the replacement of 
sodium naphthoxide by sodiocyclohexanone or sodio-B-decalone could not be realised. 
We now believe the failure to be due to unsuitable conditions of reaction, coupled with 
the tendency of methyl vinyl ketone to undergo auto-condensation. 

Again, the work of Stobbe and his collaborators (J. pr. Chem., 1912, 86, 209) on the con- 
densation of cyclohexanone and unsaturated ketones in the presence of alkalis or piperidine 
was not extended to af-unsaturated methyl ketones, and we found in a favourable case 
(styryl methyl ketone and cyclohexanone) that Stobbe’s conditions were inapplicable. 
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Interaction, however, between sodiocyclohexanone and styryl methyl ketone in cold ethereal 
solution afforded 2-keto-4-phenyl-A1**-octalin (V) in 43% yield. On catalytic reduction 
(palladised strontium carbonate) of (V), 2-keto-4-phenyldecalin was obtained. 
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The general nature of the reaction has been established by the analogous syntheses of 
(V1), (VII), (VIII), and (LX) from the appropriate components. The yield of (IX) from 
1-keto-6-methoxy-1 : 2 : 3: 4-tetrahydronaphthalene (Thompson, J., 1932, 2314) (prepar- 
ation improved) is 55%, and unchanged components are recoverable. 

The pairing of 2-methyltetralone and acetylcyclohexene did not proceed normally, but a 
dimeride of the latter was produced. This affords 1 mol. of acetic acid on oxidation by the 
Kuhn-Roth micro-method (chromic anhydride) and hence would appear to be (X) rather 
than (XI). Presumably the failure to form a cyclohexenone from (X) is due to the enfeeble- 
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ment of the carbonyl reactivity by its union with an unsaturated group. The catalytic 
reduction of (VIII) and (IX) afforded saturated secondary alcohols, and it is of interest that 
pure products were obtained in this way. The stereochemical configuration of the ring- 
systems will, it is hoped, be established by physical methods. It is also proposed to prepare 
phenols corresponding to the methyl ethers, (VIII) and (IX), and to the related alcohols 
obtained by reduction or by interaction with the Grignard reagents. The cestrogenic 
properties of these substances will be examined in view of their close constitutional 
relationship to the natural hormones. 

cycloHexenones have also been obtained by the condensation of ethyl sodiocyclohexan- 
onecarboxylate with unsaturated methyl ketones such as styryl methyl ketone. In this 
case the use of sodamide is, of course, unnecessary, and an account of this aspect of the 
investigation will shortly be submitted by one of us (W. S. R.). The importance of the 
method now disclosed lies in its special aptitude for the synthesis of substances containing 
the characteristic carbon skeletons of the sterols and sex-hormones, and the investigation 
is being actively pursued. 

EXPERIMENTAL. 


2-Keto-4-phenyl-A' **-octalin (V).—Sodiocyclohexanone was prepared from cyclohexanone 
(15 g.) and sodamide (6 g.) in dry ether (200 c.c.), the ammonia being removed in a stream of dry 
hydrogen. Styryl methyl ketone (22-5 g.) dissolved in ether (20 c.c.) was then added drop-wise 
with shaking and cooling in ice-water. After 12 hrs., water was added, and the ethereal layer 
was shaken with dilute sulphuric acid, washed with water, and dried. The residue after removal 
of the solvent was distilled, b. p. 175—185°/1 mm. (nearly all at 185°) (15 g.). This fraction 
crystallised in contact with light petroleum and separated from this solvent or from methyl 
alcohol in colourless prisms, m. p. 91—92° (Found: C, 85-0; H, 7-9. C,gH,,O requires C, 
85-0; H, 7-9%) 

2-Keto-4-phenyldecalin.—A 2% palladium-strontium carbonate catalyst (3 g.) was added 
to a solution of the foregoing compound (5 g.) in methyl] alcohol (50 c.c.), and the mixture was 
shaken with hydrogen under 1-5 atm. Absorption of hydrogen (1 mol.) was complete in } hr., 
and after evaporation of the filtered solution the residue solidified on rubbing, and was recrystal- 
lised from aqueous ethyl alcohol, separating as colourless needles, m. p. 82—83° (Found: C, 
84-2; H, 8-7. C,H gO requires C, 84:2; H; 8-8%), readily soluble in most organic solvents. 
The 2: 4-dinitrophenylhydrazone was very sparingly soluble in alcohol but dissolved readily 
in benzene, and crystallised as orange needles, m. p. 180°, on addition of light petroleum to the 
hot solution. 

9-Keto-A'°*!!-dodecahydrophenanthrene (V1).—Sodiocyclohexanone was prepared from sodam- 
ide (2 g.) and cyclohexanone (5 g.) in ether (200 c.c.) and condensed under conditions similar 
to those already mentioned with acetyleyclohexene (6-2 g.; Helv. Chim. Acta, 1931, 14, 1157). 
After the mixture had been finally heated on the steam-bath for 1 hr., the product was isolated, 
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eventually by distillation, b. p. 150—155°/1 mm. (3-5 g.). The distilled substance crystallised 
from aqueous methyl alcohol in the form of rectangular prisms, m. p. 89° (Found: C, 82-4; 
H, 9-9. C,gH gO requires C, 82-4; H, 9-8%). 

Attempt to condense 1-Keto-2-methyl-1 : 2: 3: 4-tetrahydronaphthalene with A cetylcyclohexene.— 
The sodio-derivative of the methyltetralone (8 g.; Schroeter, Lichtenstadt, and Irineu, Ber., 
1918, 51, 1600) was prepared by refluxing it with sodamide (2 g.) in benzene (100 c.c.) in a current 
of dry hydrogen for 5—6 hrs. Acetyleyclohexene was then added (6-4 g.), and the heating 
continued for 3 hrs.; alternatively, the reaction mixture was kept for 12 hrs. In either case, 
the methyltetralone was ultimately recovered unchanged, but a fraction, b. p. 180—185°/1 mm. 
(3:3 g.), was obtained which crystallised in contact with light petroleum. From this product 
there could be separated a small amount of a substance rather sparingly soluble in light 
petroleum, but recrystallising from petroleum (b. p. 100—120°) as fine, matted needles, m. p. 
205—206° (Found: C, 77-6; H, 10-1. C,gH,sO, requires C, 77-4; H, 9-8%). The main bulk 
of the material, however, was moderately readily soluble in hot light petroleum, and it crystal- 
lised in the form of prisms, m. p. 126—127° (Found: C, 77-7; H, 10-0. C,gH,,O, requires C, 
77-4; H, 98%). On oxidation with chromic acid, Dr. H. Roth found the yields of acetic acid 
to be 89-7 and 93-5% on the assumption that 1 mol. is theoretically obtainable. These sub- 
stances are considered to be cis- and trans-forms of (X). 

3-Keto-1-phenyl-11-methyl-2:3:4:9:10: 11-hexahydrophenanthrene (VII).—The sodio- 
derivative of 1-keto-2-methyl-1 : 2: 3 : 4-tetrahydronaphthalene (6 g.) was prepared by means 
of sodamide (1-5 g.) in benzene (100 c.c.), in a current of dry hydrogen during 5—6 hrs. After 
cooling in ice, a solution of styryl methyl ketone (6 g.) in benzene (25 c.c.) was added gradually 
with shaking, and next day water was added and the product isolated in the usual manner as a 
very viscous fraction, b. p. 235—240°/1 mm. (5 g.). This was contaminated with polymerised 
styryl methyl ketone, so it was dissolved in alcohol and after 5 days a hard crystalline mass 
separated from the solution. The substance then crystallised from light petroleum in irregular, 
flat prisms, m. p. 135° (Found: C, 87-4; H, 7-1. C,,H gO requires C, 87-5; H, 7-0%). 

1-Keto-6-methoxy-1 : 2: 3: 4-tetrahydronaphthalene.—A mixture of y-m-methoxyphenyl-n- 
butyric acid (14 g.), sulphuric acid (140 c.c.), and water (50 c.c.) was heated in a boiling water- 
bath for 4 hr. The clear, straw-coloured liquid was then poured on crushed ice, the solid 
collected, and crystallised from aqueous ethyl alcohol; plates, m. p. 81° (yield, 10g.) ; Thompson 
(loc. cit.) gives m. p. 82°. 

2-Keto-10-methoxy-2:3:4:5:6:7:8: 14:15: 16-decahydrochrysene (VIII).—A mixture of 
6-methoxytetralone (4-4 g.), finely powdered sodamide (1 g.), and dry ether (100 c.c.) was refluxed 
in a current of hydrogen for 6 hrs. After cooling, acetylcyclohexene (3-1 g.) was slowly added, 
and after 12 hrs. a crystalline mass had separated. After the addition of dilute sulphuric acid, 
this was collected, washed with water and with alcohol, and crystallised from benzene or isoamyl 
alcohol. The product separated in the form of colourless needles, m. p. 228—229° (yield, 3 g.; 
and 1-5 g. of methoxytetralone recovered from the ethereal solution) (Found: C, 81-1; H, 7-8. 
C,,H,,O0, requires C, 80-8; H, 7-°8%). The substance is sparingly soluble in alcohol and many 
light organic solvents. 

Hydrogenation of Ketomethoxydecahydrochrysene.—The substance (1 g.) was suspended in 
alcohol (200 c.c.), a 2% palladium-strontium carbonate catalyst (2 g.) added, and the mixture 
shaken with hydrogen under 1-5 atm. for 6 hrs. The residue from evaporation of the solvent 
was taken up in hot light petroleum (b. p. 100—120°), and on cooling, separated initially in 
needle-shaped crystals, which rapidly changed to prisms as the solution cooled. From alcohol, 
however, it crystallised in long needles, m. p. 151°, which could be converted into the pris- 
matic form by solution in petroleum and inoculation with this form (Found: C, 79-6; H, 9-3. 
C,,H,,O, requires C, 79-7; H, 9-1%). The substance is evidently a saturated alcohol, and 
derivatives are in course of preparation. 

1-Acetylcyclopentene.—A mixture of anhydrous stannic chloride (83 g.) and carbon disulphide 
(200 c.c.) was cooled to — 10°. cycloPentene (22 g.), prepared from cyclopentanol (Noller and 
Adams, J. Amer. Chem. Soc., 1926, 48, 1084) by the method of Harries and Tank (Ber., 1908, 
41, 1703), along with acetyl chloride (27 g.) were then introduced drop-wise with stirring, so 
that the temperature did not rise above — 10°. After the addition was complete, stirring was 
continued for 1 hr., and the flask was then kept in the ice-chest for 4 hrs. The reaction mixture 
was poured on crushed ice, and stirred until the complex was decomposed; the mass was 
filtered in order to break the emulsion, and the carbon disulphide layer was separated, washed, 
and dried. The residue left on evaporation of the solvent was mixed with dimethylaniline 
(40 g.) and heated at 180° for 3 hours. Ether was added, and the dimethylaniline removed 
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by means of dilute hydrochloric acid. Finally, the ethereal layer was washed with dilute alkali, 
dried, and the ether evaporated. On distillation of the dark residue, there were obtained 13 g. 
of material, b. p. 75—78°/22 mm. This contained some chlorine and could not be completely 
purified by distillation. It is, however, essentially acetylcyclopentene and can be employed 
in the condensations with the sodio-derivatives of ketones. The semicarbazone, which crystal- 
lised from alcohol in the form of colourless prisms, m. p. 210—211°, was chlorine-free (Found : 
N, 25-4. C,H,,ON, requires N, 25-2%). 

3-Keto-7-methoxy-1:2:3:9:10: 1l-hexahydro-1 : 2-cyclopentenophenanthrene (IX).—The 
sodio-derivative of the methoxytetralone (6-6 g.) was prepared as already described (sodamide, 
1-8 g.; ether, 120 c.c.). Acetyleyclopentene (4-5 g.) was added in the cold; heat was evolved, 
the ether boiled, and the product gradually crystallised from the solution. After the addition 
of dilute sulphuric acid, it was collected (5-5 g.) and crystallised from light petroleum (b. p. 
100—120°) or isoamyl alcohol. The substance occurs as colourless needles, m. p. 196—197° 
(Found: C, 80-8; H, 7-7. C,gH oO, requires C, 80-6; H, 7:-5%). Methoxytetralone (2 g.) 
was recovered from the ethereal filtrate. 

Hydrogenation.—A mixture of the last-described substance (1 g.), methyl alcohol (100 c.c.), 
and a 2% palladium-strontium carbonate catalyst (2 g.) was shaken with hydrogen under 1-5 
atm. during 4 hrs.; the product crystallised from aqueous ethyl alcohol in the form of glistening 
needles, m. p. 167—168° (Found: C, 79-4; H, 8-9. C,sH,,O, requires C, 79-4; H, 8-8%). 
Again, it appears that a tetrahydro-derivative was isolated. 


The authors thank the University of New Zealand for a Scholarship awarded to one of them. 
They are grateful to Mr. J. Resuggan for assistance in the preparations. 
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308. Experiments on the Synthesis of Substances related to the Sterols. 
Part III. A New Synthesis of Certain Ketohydrophenanthrene 


Derivatives. 
By RoBERT ROBINSON and E. SCHLITTLER. 


One of the more promising methods for the synthesis of cestrone (I) and related substances 
depends in principle on the appropriate modification * of such an intermediate as the keto- 
methoxymethyloctahydrophenanthrene (II). On account of the favourable orientation of 
the methoxyl group in (II) we sought a method of ring closure at the point indicated by the 


CH, CO CH, 
oa es Oy 
CH, (Me CH, CH, CHMe 
(I.) CH CH—CH, CH CO (IT.) 


\cH” : ~ \cH 
HO ‘H, MeO /eg 
of, CHy 


dotted line : that ultimately devised differs from known processes in that the carbon atoms 
necessary for the construction of two of the aromatic nuclei are attached in a straight 
chain to a benzene derivative; two unambiguous cyclisations complete the synthesis. 


* Feasible final stages are indicated by Hibbit and Linstead’s important work on the formation of 
9-methyloctalins from butenylmethylcyc/ohexanols, and in this laboratory Mr. E. J. Vickers and one of 
us have independently obtained what is apparently a bicyclic hydrocarbon, CyH,,, by dehydration 
of 1-allyl-2-methylcyclohexanol by means of phosphoric oxide. This hydrocarbon has b. p. 169—170° 
(Found: C, 87°9; H, 12°1. C,gH,, requires C, 88°1; H, 11°9%) and absorbs 1 mol. of bromine in cold 


dilute chloroform solution. 
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An improved method of preparation of y-m-methoxyphenylbutyric acid (III) 
(Thompson, J., 1932, 2310) has been worked out in accordance with the scheme : 


—-> MeO:C,H,CH,CH,CH,Cl —> MeO-C,H,°CH,°CH,"CH,I —> 
MeO:C,H,°CH,°CH,°CH,°CN —-> MeO-C,H,°CH,°CH,°CH,°CO,H (III) 


Although the stages are numerous, the overall yield is such as to render the acid a relatively 
readily accessible substance and considerable quantities of it have been made in connexion 
with a development of the present investigation.t The necessary extension of the chain of 
(III) was made by an application of Mrs. G. M. Robinson’s keto-acid synthesis (J., 1930, 
745), y-m-methoxyphenylbutyryl chloride being brought into reaction with ethyl sodio-«- 
acetylglutarate and the product hydrolysed in stages to 5-keto-8-m-methoxyphenyloctoic 
acid (IV). 
CH, rm 


oe on, ft, CH 


(IV.) CO CO,H CO CO (V.) 
Oy ait a 
MeO /H . Me Ji " 


CH, CH, 


The methyl ester of this acid, obtained by means of diazomethane, furnished a dihydro- 
resorcinol derivative (V) when it was treated with sodium ethoxide in an anhydrous 
ethereal medium. 

The dehydration of (V) with the formation of 1-keto-7-methoxy-1:2:3:4:9:10- 
hexahydrophenanthrene (V1) was effected by means of phosphoric oxide. Finally the 
reduction of (VI) by means of sodium and alcohol yielded the secondary alcohol (VII), 
characterised as the p-nitrobenzoate. 

Methylation of the dehydrogenation product of (VI) affords 1 :7-dimethoxyphenanthrene, 
which will be described in a subsequent communication dealing with its synthesis. 


CH, CH, 
£. 
CH, H; 
CH CH-OH (vII.) 


weok X ie Me , 4 
CH, CH, 


EXPERIMENTAL. 


y-m-Methoxyphenylpropyl Alcohol.—A mixture of B-m-methoxyphenylpropionic acid (187 g., 
prepared by catalytic reduction of m-methoxycinnamic acid), absolute alcohol (491 c.c.), toluene 
(700 c.c.), and concentrated sulphuric acid (33 c.c.) was refluxed for 6 hours, and 650 c.c. then 
removed by distillation. Two layers separated on cooling; the upper one was worked up 
in the known manner and afforded ethyl methoxyphenylpropionate, b. p. 145—146°/10-5 mm. 
(170 g.). The reduction of this ester (41 g.) by Bouveault and Blanc’s method required sodium 
(28 g.) and anhydrous ethyl] alcohol (200 c.c. + 50 c.c. + 50 c.c.) (oil-bath at 160—170°) anda 
78% yield of y-m-methoxyphenylpropyl alcohol, b. p. 147°/10-5 mm., was obtained (Found : 
C, 72-0; H, 8-4. Calc. for C,9H,,0,: C, 72-0; H, 8-4%). The yield was diminished when the 
operation was conducted on a larger scale. 

The chloride was prepared from the alcohol (126 g.), thionyl chloride (81-4 c.c.), and dimethyl- 
aniline (145 c.c.) in chloroform (205 c.c.); b. p. 133°/13 mm. (yield, 92%) (Found: C, 65-4; 
H, 7-0. Calc. for C,gH,,0Cl: C, 65-2; H, 7-1%). 


* The work now recorded was completed in 1934. y-m-Methoxyphenylpropyl alcohol and the 
corresponding chloride have since been described by Cohen (this vol., p. 435). 
tT See also the preceding paper. 


(VI.) 
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y-m-Methoxyphenylbutyric Acid (I11).—y-m-Methoxyphenylpropyl chloride (43 g.) was con- 
verted into the corresponding iodide by refluxing an alcoholic solution (430 c.c.) containing 
sodium iodide (86 g.) for 12 hours, with filtration from sodium chloride after 3 and 6 hours. By 
working up the product, one-seventh of the initial substance was recovered and the fraction, 
b. p. 152—162°/11 mm., was collected (yield, 144 g. from 126 g. of the chloride). 

A mixture of this iodide (71-1 g.), potassium cyanide (37 g.), alcohol (847 c.c.), and water 
(84 c.c.) was refluxed for 15 hours, and the resulting nitrile isolated (77 g. of b. p. 164—170°/11 
mm. from 144 g. of the iodide) (Found: C, 75-4; H, 7-5. ©,,H,,;ON requires C, 75-4; H, 
7-4%). The residue from the distillation of the nitrile crystallised (2—3 g.) and was recrystal- 
lised from aqueous alcohol and from benzene, from which it separated in slender colourless 
needles, m. p. 96—97° (Found : C, 68-0; H, 7-5; N, 7-2. C,,H,,0,N requires C, 68-3; H, 7-7; 
N, 7:3%). The substance is therefore y-m-methoxyphenylbutyramide ; we are obliged to Mr. J. 
Resuggan for its isolation and identification. 

The nitrile (77-2 g.) was refluxed with a mixture of 25% methyl-alcoholic potassium hydroxide 
(216 c.c.) and water (65 c.c.) for 64 hours. The yield of the crude acid was practically quanti- 
tative. This substance was not crystallised by Thompson (loc. cit.); it separated from light 
petroleum (b. p. 40—60°) in glistening white leaflets, m. p. 49—50° (Found: C, 68-0; H, 7:1. 
Calc. for C,,H,,0,: C, 68-0; H, 7-2%). 

5-Keto-8-m-methoxyphenyloctoic Acid (IV).—A mixture of y-m-methoxyphenylbutyric acid 
(21-9 g.), chloroform (100 c.c.), and thionyl chloride (22 c.c., purified by means of sulphur and 
aluminium chloride) was refluxed for 1 hour and the solvent and excess of thionyl chloride were 
then removed as far as possible by distillation under diminished pressure. A little dry benzene 
was added, and the distillation continued; if necessary, the process was repeated, as complete 
removal of thiony] chloride is essential. The residual chloride, dissolved in dry ether (60 c.c.), 
was added to an ethereal solution and suspension of ethyl sodio-«-acetylglutarate (from 25-9 g. 
of the ester and 2-63 g. of finely granulated sodium under 200 c.c. of ether) cooled in a freezing 
mixture and well shaken. After 2 hours, the mixture was allowed to reach room temperature, 
then kept for 12 hours, shaken on the machine for 2 hours, and finally refluxed for l hour. Water 
and ether were added and the separated aqueous layer was twice extracted with ether; the 
combined ethereal solutions were washed with aqueous sodium carbonate and water, dried, and 
evaporated. The residual oil (42 g.) was shaken on the machine with aqueous potassium 
hydroxide (1000 c.c. of 2-5%) for 12 hours; the alkali concentration was then raised to 3%, 
and shaking continued 4 hours longer. The aqueous solution, freed from traces of oil by means 
of ether, was acidified, and the acidic product isolated by means of ether (dried by sodium 
sulphate). The yellow oil was cautiously heated on the steam-bath (evolution of carbon dioxide) 
and occasionally the product solidified (20-1 g.). In any case it was heated on the steam-bath 
with 2N-sodium hydroxide (180 c.c.) for 2 hours, and isolated as before, after the alkaline solu- 
tion had been washed with ether. The oily acid solidified and was collected and dried (19-5 g.). 
This crude product (34-6 g.) was methylated by means of diazomethane (34 g. of nitrosomethyl- 
urethane) in cold ethereal solution and the esters (freed from unchanged acids) were distilled ; 
methyl m-methoxyphenylbutyrate, b. p. 120°/0-22 mm. (oil-bath at 155—175°), was collected, 
and the residue hydrolysed by means of methyl-alcoholic potassium hydroxide on the steam- 
bath. After addition of water and removal of the methyl alcohol the keto-acid was regenerated 
and isolated by means of ether (yield, 15-2 g.). It was crystallised by cautious addition of 
petroleum (b. p. 100—120°) to its concentrated solution in chloroform and it separated in long 
prisms (11-0 g.), often sharply pointed, m. p. 69—70° (Found: C, 68-3; H, 7-6. C,;H9O, 
requires C, 68-2; H, 7-7%). 

6-m-Methoxyphenylethylcyclohexane-2 : 6-dione (V).—Methyl ketomethoxyphenyloctoate 
(4-03 g.), prepared from the acid by means of ethereal diazomethane, was dissolved in anhydrous 
ether (30 c.c.), and granulated alcohol-free sodium ethoxide (1-97 g., Houben-Wey]l, III, 701; 
preferably not powdered) introduced. Reaction proceeded in the cold and after some hours a 
solid separated ; ‘after 12 hours this was broken up, and the mixture shaken; after 20 hours the 
whole was refluxed for 30 minutes, then cooled, and ice and water added. The alkaline solution 
was washed with fresh ether, separated, and gradually acidified with dilute sulphuric acid. 
After each addition of 2 or 3 drops of the acid the liquid was shaken with ether, because, although 
the dihydroresorcinol derivative is very sparingly soluble in ether, it can be extracted by this 
procedure. If the substance separated in a crystalline form, it was redissolved in alkali and the 
process repeated. The ethereal solution deposited crystals on keeping in the ice-chest, and a 
further quantity separated after the solution had been concentrated (yield, 7-5 g. from 10-9 g. 
of the keto-acid). The diketone crystallised from chloroform—petroleum (b. p. 80—100°) in 
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colourless, compact, twinning prisms, m. p. ca. 150° (Found: C, 72-7, 72-9; H, 7-3, 7:3. 
C,sH,,0, requires C, 73-2; H, 7:3%). The substance has pseudo-acidic character, but its 
ferric reaction in alcoholic solution is negative. 

1-Keto-7-methoxy-1 :2:3:4:9: 10-hexahydrophenanthrene (V1).—Phosphoric oxide (10 g.) 
was added in the course of 1-5 hours to a boiling solution of methoxyphenylethylcyclohexane- 
dione (1 g.) in benzene (125 c.c., previously shaken with a little water), the semi-solid complex 
being occasionally stirred with a glass rod. After cooling in a freezing mixture, small pieces of 
ice were added; the solution was then rendered strongly alkaline, the layers separated, and the 
aqueous solution extracted with ether. The combined ether—benzene solutions were washed, 
dried, and evaporated. The residual oil (0-52 g.) distilled at 165—169°/0-23 mm. and then 
crystallised after some months. The substance could be crystallised from a concentrated solu- 
tion in methyl alcohol at 0° and occurred in colourless prismatic needles, m. p. 75—76°, readily 
soluble in most organic solvents (Found: C, 78-8; H, 7-0; MeO, 13-8. C,;H,,O, requires 
C, 78-9; H, 7-0; 1MeO, 13-6%). 

The 2 : 4-dinitrophenylhydrazone separated when warm alcoholic solutions of the components 
were mixed, and the highly characteristic blackish-purple derivative crystallised from toluene 
in needles, m. p. 256° (decomp.) after sintering at 253—254° (Found: C, 61-5; H, 4-9. 
C.,Hg90,N, requires C, 61-8; H, 49%). 

Professor E. C. Dodds has kindly examined the ketone for cestrogenic properties; the results 
were negative, but the concentrations employed were comparable with those usual in experi- 
ments with naturally occurring hormones. 

Reduction.—Professor I. M. Heilbron and Mr. H. Jackson have kindly studied the hydro- 
genation of the ketone on the micro-scale and with a very active platinum catalyst. Almost 
exactly six molecules of hydrogen (5-9; 6-1) were required, so the product must be a hydroxy- 
or methoxy-tetradecahydrophenanthrene. With a palladium-black—barium sulphate catalyst, 
2-07 molecular proportions of hydrogen were taken up in 4 hours, corresponding to the reduction 
of the ethylene linkage and the carbonyl group. 

The ketone (VI) (0-55 g.) was reduced in boiling alcoholic solution (10 c.c. + 10 c.c.) by 
means of sodium (1-12 g.) and the product (0-49 g.) was isolated as a pale yellow oil which could 
not be crystallised. The substance is doubtless the saturated alcohol (VII), because a crystalline 
p-nitrobenzoate could be isolated. The oil (0-44 g.), pyridine (1-72 c.c.), and p-nitrobenzoyl 
chloride (0-59 g.) were heated together on the steam-bath for 2 hours, and the derivative isolated 
after removal of basic and acidic substances. It was crystallised from alcohol and from chloro- 
form-light petroleum (b. p. 40—60°), being obtained as colourless needles, m. p. 140° after 
sintering at 125° (Found : C, 68-9; H, 6-2. C,,H,;0,;N requires C, 69-2; H, 6-0%). 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 30th, 1935.] 





309. Strychnine and Brucine. Part XXXIV. The Action of Methyl 
Sulphate on Methoxymethyldihydroneobrucidine and Similar Bases in 
Boiling Benzene Solution. 

By O. ACHMATOWICZ and ROBERT ROBINSON. 


In Part XXI (Rocz. Chem., 1932, 12, 862) it was shown that the supposed dimetho-salts-A 
of methoxymethyldihydrostrychnidine (Part IV, J., 1927, 1589) are actually dimetho-salts 
of neostrychnidine, whereas dimetho-salts-A of methoxymethyltetrahydrostrychnidine are 
identical with dihydrostrychnidine dimetho-salts. It was conjectured that the formation 
of these substances from the methoxylated bases was due to the presence of traces of water, 
methyl hydrogen sulphate participating in accordance with the following scheme : 
—N(b)Me MeSO, —NMe 
R=N (a) + | +MeSO, = R=NMe a | 2meso, + MeOH 
H = 


=COMe 


We have now prepared the dimetho-salts of neobrucidine and of dihydrobrucidine and 
have found the former to be identical with the supposed methoxymethyldihydrobrucidine 
dimetho-salts-B (Part V; J., 1927, 1627) and the latter with dimetho-salts-B of methoxy- 
methyltetrahydrobrucidine. 











1292 Achmatowicz and Robinson : 
However, the plausible hypothesis represented by the above scheme cannot be correct, 
because on reinvestigation it was found that all the methoxy-bases described in Parts IV 
and V of this series afford dimethyl ether on heating with methyl sulphate in benzene solution 
(compare the action of methyl iodide on methoxymethyldihydroneostrychnine; Part XVI, 
J., 1932, 771). Moreover, in all cases the volume of dimethyl ether formed was found to 
correspond to the yield of dimetho-salts. Thus methoxymethyldihydroneostrychnidine 
(1 mol.) gave dimethyl ether (0-5 mol.) and the yield of meostrychnidine dimethosulphate 
was 50%, of that required by the theory. Similar results were obtained with methoxy- 
methyltetrahydrostrychnine and the analogous brucidine derivative. Even methoxy- 
benzyldihydroneobrucidine gave an equivalent of dimethyl ether (instead of the expected 
benzyl methyl ether) along with a theoretical yield of N(a)-methyl-N (b)-benzylneobrucidin- 
ium dimethosulphate. On the other hand, when methylation was carried out at a higher 
temperature, benzene being replaced by xylene as solvent, or when the reaction in boiling 
benzene solution was prolonged, the yield of dimethyl ether increased considerably and a 
proportional rise of the yield of the corresponding dimethosulphates was observed. 

These facts clearly indicate that the action of methyl sulphate on the substances in 
question involves three reactions, namely, the methylation of N(b), the methylation of 
both nitrogen atoms and formation of true dimethosulphates of the methoxy-bases ; finally 
a thermal decomposition of the dimethosulphates with ring-closure at N(b) and elimination 
of dimethyl] ether. 





—N(b)Me —yMe —NMe 
R=N (a) + 2Me,SO, = R=NMe| Me }2MeSO, —> R=NMe Ls) }8MEO, 
=C(OMe) '=C(OMe) =Cf + Me,0 





Light is thrown by this theory on a number of hitherto inexplicable facts :— 

(a) The formation of meobrucidine by thermal decomposition of so-called methoxy- 
methyldihydrobrucidine dimethochloride-B is seen to depend on elimination of two mole- 
cules of methyl chloride. 

(b) The conversion of methoxymethyltetrahydrobrucidine dimethiodide-A into so-called 
methoxymethyltetrahydrobrucidine monomethiodide-B is the result of loss of dimethyl 
ether and methyl iodide. 

(c) The identity of so-called methoxymethyldihydrobrucidine monometho-salts-B, 
methylneobrucidinium salts and methyl--brucidine metho-salts with mneobrucidinium 
metho-salts is explained and indeed required by the present hypothesis. 

(d) The periodide of so-called methoxymethyltetrahydrobrucidine dimethiodide-B 
(Part V, loc. cit., p. 1657) must now be regarded as a periodide of dihydrobrucidine 
dimethiodide: the analysis given in Part V supports this view (Found: I, 55-5. 
Co5H3,0,N2,2Mel,I, requires I, 52-6% and C3H3,0,N,,2Mel,I, requires I, 55-2%). Un- 
fortunately, relatively few iodine estimations were cited in Part V. 

The m. p.’s recorded in this communication are in some cases a few degrees higher 
than those given in Part V, but this is probably a question of a different rate of heating. 
On this account and also because fusion is accompanied by decomposition, microphoto- 
graphs are submitted as confirmatory evidence of the identity of salts from different sources. 


EXPERIMENTAL. 


neoBrucidine Dimethiodide.—A mixture of neobrucidine (20 g.), benzene (100 c.c.), and methyl 
sulphate (15 c.c.) was refluxed for 12 hours and the gummy dimethosulphate that separated was 
dissolved in hot water (75 c.c.), basified with ammonia (no precipitate), and mixed with sodium 
iodide (20 g.). neoBrucidine dimethiodide crystallised completely in 6 hours or in a shorter 
time if the solution was seeded with so-called methoxymethyldihydrobrucidine dimethiodide-B. 
Colourless columns (Fig. 1), m. p. 298° (decomp.), from water (Found : loss at 105° in a high 
vacuum, 1-5, 1-7. C,3;H,,0,;N,,2MeI,0-5H,O requires H,O, 1-3%. Found in anhydrous material: 
C, 45-0; H, 5-2; I, 38-6. C,,H,,O,N,,2Mel requires C, 45-2; H, 5-1; I, 38-3%). The salt is 
sparingly soluble in methanol and it was found to tally with so-called methoxymethyldihydro- 
brucidine dimethiodide-B (Fig. 2) prepared by the method described in Part V (loc. cit.). The 
identity of the specimens was proved by mixed m. p. (298°), by conversion into neobrucidirie 


















Methoxymethyldihydrobrucidine 2MelI B” 
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neoBrucidine 2MelI obtained from neoBrucidine 
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methiodide, m. p. 298° (see below), and by analysis of so-called methoxymethyldihydrobrucidine 
dimethiodide-B (Found : loss at 105° in a high vacuum, 1-6. Found in anhydrous material : 
C, 45-0; H, 5-3; I, 38-1. Theo. values as above, but note that C,,H,;,O,;N,,2Mel requires 
C, 45-6; H, 5-6; I, 33-0%). The melting point of neobrucidine dimethiodide depends very 
much on the rapidity and mode of heating. When the salt is heated rapidly, it melts and 
decomposes at 298°; on slow heating, it softens at 265—270° and melts at 298° (decomp.). 
When the capillary tube with the product is inserted into a bath at 265—270°, the salt effervesces 
vigorously, becomes spongy, and on further heating decomposes at 298°. In a quantitative 
experiment, 0-1836 g. heated at 265—270° lost 0-0388 g., or 21-1%, whereas C,,H,,0O,N,,2Mel 
requires 1MelI, 21-4%. The glassy decomposition product became crystalline on rubbing with 
methyl alcohol and was recognised as neobrucidine methiodide; after crystallisation from methyl 
alcohol it had m. p. 298°, not depressed on admixture with a specimen prepared directly from 
the components. 

Dihydrobrucidine Methosulphate.—Methy] sulphate (3 c.c.) was added to a solution of dihydro- 
brucidine (7-6 g.) in methyl alcohol (30 c.c.) ; heat was evolved, and on cooling the methosulphate 
crystallised (total yield, 9-8 g.). The derivative formed long, colourless, silky needles, m. p. 
287—-288° (decomp.), freely soluble in water and moderately readily in the simple alcohols and 
in acetone (Found in material dried at 105°: C, 51-3, 51-4; H, 6-9, 6-8; S, 10-2, 10-4. 
Cy3H 390,N2,2Me,SO, requires C, 51-1; H, 6-6; S, 10-1%). 

Dihydrobrucidine methiodide, prepared in the cold directly from the components or from the 
methosulphate by double decomposition with sodium iodide, crystallised from methyl alcohol 
in colourless plates, m. p. 298° (decomp.) (Found in material dried at 105°: C, 55-3; H, 6-4; 
I, 23-8. C,,H390,N,,MelI requires C, 55-0; H, 6-3; I, 24-2%), sparingly soluble in cold water, 
moderately in the simple alcohols, and readily in the boiling solvents. The identity of this 
derivative with so-called methoxymethyltetrahydrobrucidine methiodide-B (Part V, Joc. cit.) 
was established by mixed m. p. (298°) and by analysis of the latter (Found in material dried at 
105°: C, 55-3; H, 6-4; I, 24:0%). 

Dihydrobrucidine dimethiodide, prepared from dihydrobrucidine dimethosulphate (Part XI; 
J., 1930, 1772) by means of sodium iodide, formed colourless needles (from water) or plates 
(from methyl] alcohol), m. p. 286—288° (decomp.) (Fig. 3) (Found : loss at 105° in a high vacuum, 
1-2, 1-6. C,3H390,N,,2MeI,0-5H,O requires H,O, 1:3%. Found in anhydrous material: 
C, 44-9; H, 5-6; I, 37-6. C,3;H,90,N,,2MelI requires C, 45-0; H, 5-4; I, 38-1%), moderately 
soluble in water, and sparingly in methyl alcohol, cold or boiling. Its identity with so-called 
methoxymethyltetrahydrobrucidine dimethiodide-B (Fig. 4) was established by mixed m. p. 
(286—288°), by conversion of both specimens into the same dimethochloride, m. p. 214°, and 
by analysis of so-called methoxymethyltetrahydrobrucidine dimethiodide-B (Found: loss at 
105° in a high vacuum, 1-5%. Found in anhydrous material: C, 45-2; H, 5-8; I, 37-7%). 

N(a)-Methyl-N(b)-benzylneobrucidinium Di-iodide.—A solution of methoxybenzylhydroneo- 
brucidine (5 g.) in dry benzene (50 c.c.) was mixed with methyl] sulphate (4 c.c.) and refluxed 
for 12 hours. The gummy product was dissolved in water (30 c.c.) and basified with ammonia 
(no precipitate) and the di-iodide was precipitated by addition of sodium iodide (5g.). The crude 
product was twice crystallised from water, and separated in colourless needles, m. p. 246—248° 
(decomp.) (Found in material dried at 105°: C, 50-2; H, 5-1; I, 34:0. C,,H,,0,N,,MelI,C,H,I 
requires C, 50-3; H, 5-1; I, 34:3%. C,;H3;sO,N,,MelI,C,H,I requires I, 32-3%), sparingly 
soluble in water and moderately readily in the simple alcohols. 

N(a)-Methyl-N(b)-benzylneobrucidinium dichloride, prepared in the usual way from the di- 
iodide, was very readily soluble in water and separated from it in large grayish prisms, containing 
7H,O; this hydrate melted at 90—92°, decomposed (efferv.) at 156—158°, and decomposed 
slightly on prolonged heating at 105° (Found in air-dried material: C, 54:0; H, 7-5. 
C.3H,,0,N,,MeCl,C,H,Cl,7H,O requires C, 54-3; H, 7-6%). When this salt was heated in a 
test-tube over a flame, methyl chloride and benzyl chloride were evolved. The glassy residue 
crystallised in contact with methyl alcohol. It was purified by crystallisation from ethyl 
alcohol (theoretical yield) and proved to be identical with neobrucidine, m. p. 198—199° alone 
or when mixed with an authentic specimen. When the dichloride was digested with 20% 
methyl-alcoholic sodium methoxide, methoxybenzyldihydroneobrucidine, m. p. 159—160° 
(yield, 70%), and neobrucidine (yield, 25%) were produced. 

Estimation of Dimethyl Ether formed on heating the Methoxy-bases with Methyl Sulphate in 
Benzene or Xylene Solution.—(i) Pure benzene (or xylene) was refluxed for several hours with 
metallic sodium and distilled over it into a flask protected from moisture; the first 100 c.c. of 
the distillate were rejected. 
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(ii) Methyl sulphate was washed with aqueous sodium bicarbonate, dried over anhydrous 
potassium carbonate, and distilled under diminished pressure. The fraction used in the ex- 
periments was free from methyl hydrogen sulphate. 

(iii) The methoxy-bases were dissolved in much pure benzene, the solvent was then removed 
by distillation, and the residue was heated under 10-15 mm. pressure at a temperature 20° 
higher than the m. p. of the base, in order to remove traces of methylalcohol. It was established 
that the methoxy-bases are unchanged under these conditions, except for the formation of small 
proportions of colouring matters. 

Dimethyl ether was collected over 50% aqueous sodium hydroxide. It was recognised as 
such because it was an inflammable gas soluble in water and in concentrated sulphuric acid; 
furthermore, on being mixed with air and passed over copper oxide heated to redness, it was 
oxidised to formaldehyde. 

In quantitative estimations of dimethyl ether satisfactory results could be obtained only 
under certain conditions. In all cases, when a mixture of the initial materials was heated 
continuously for a period even as long as 20 hours, the evolution of dimethyl ether was sluggish 
and the volume of this gas was less than 10—20% of that required by the theory. When, 
however, the heating was discontinued after 8—10 hours and the apparatus was left over-night 
in the cold, then, on further heating, the gas was readily liberated and the required volume was 
collected in less than an hour. This phenomenon is evidently the result of the gummy nature 
of the methosulphates, which retain dimethyl ether tenaciously when in this condition; on 
cooling, the gum becomes visibly porous. It is also noteworthy that evolution of dimethyl 
ether in two stages occurs with all methoxy-bases and is best demonstrated with methoxy- 
methyldihydroneobrucidine. When a solution of pure methyl sulphate in dry or moist benzene 
was refluxed for 20 hours, no dimethyl ether was liberated. 

The following table gives the results of the estimations : 


(1). (2). (3). (4). (5). (6). 
Methoxymethyldihydroneostrychnidine ............ 73 40 190 155 385 90 
Methoxymethyltetrahydrostrychnidine ............ 74 28 182 113 323 72 
Methoxymethyldihydroneobrucidine ............... 8°5 60 382 442 99 
Methoxymethyltetrahydrobrucidine ............... 8°6 30 204 142 376 84 
Methoxybenzyldihydroneobrucidine ............... 10°4 54 390 444 99 
Methoxymethyldihydromeostrychnidine (after 
being heated for 84 hours) .........seseeeeseeeeees 73 381 85 


(1) Wt. (g.) of the base taken for the experiment; (2) Me,O, c.c., liberated in 8 hours; (3) Me,O, 
c.c., liberated after cooling, keeping for 12 hours, and then heating for an hour; (4) Me,O, c.c., evolved 
when benzene was removed and the product was further heated for 5 hours in boiling xylene; (5) total 
vol. Me,O formed; (6) % yield of the corresponding dimethosulphate. 


DEPARTMENT OF PHARMACEUTICAL AND TOXICOLOGICAL CHEMISTRY, UNIVERSITY OF WARSAW. 
Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, July 25th, 1935.] 
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By G. R. CLEmMo and J. McL. MACDONALD. 


Harries (Ber., 1903, 36, 1933) postulated, and later (Annalen, 1905, 343, 346) produced 
further evidence, that the formation of formaldehyde in the decomposition of an ozonide 
indicates the presence of a vinyl group in the original molecule. Such evidence has been 
utilised by Semmler and Meyer (Ber., 1911, 44, 3661), Ruzicka and Trebler (Helv. Chim. 
Acta, 1921, 4, 566), Asahina (J. Pharm. Soc., Japan, 1927, No. 539, 1), and others. In 
many cases the yield of formaldehyde obtained is not stated. 

Critical examinations of the process have been made by Blair and Wheeler (ethylene ; 
J. Soc. Chem. Ind., 1923, 42, 343, 3471), Briner and co-workers (ethylene, acetylene, and 
several propylenes and butylenes; Helv. Chim. Acta, 1929, 12, 154, 181, 529, 786), and 
Escourrou (several terpene-like unsaturated compounds; Bull. Soc. chim., 1928, 48, 1088). 
Under fairly drastic conditions, formaldehyde can be obtained by ozonisation of saturated 
compounds such as methane and n-hexane (Blair and Wheeler, J. Soc. Chem. Ind., 1922, 
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41, 303T; 1924, 43, 2897), from amines (Strecker, Ber., 1921, 54, 2695, 2704), and from 
aldehydes and ketones (Briner and Meier, Helv. Chim. Acta, 1929, 12, 529). 

In the use of ozone for the elucidation of structural problems on certain of the terpenes, 
in these laboratories, curious results were obtained, and the present communication shows 
that, when various compounds, some of which do not contain the vinyl group, are ozonised 
in inert solvents, even at 0°, formaldehyde is isolable as its dimedon compound * (Ionescu 
and Bodea, Bull. Soc. chim., 1930, 47, 1408). 

In preliminary experiments with B.P. chloroform the alcohol present as anti-oxidant 
yielded considerable amounts of formaldehyde. It must be purified by shaking with 
concentrated sulphuric acid, washing with water, drying, and distillation. 

The substances examined fall into two classes, those with a vinyl group yielding about 
ten times as much formaldehyde as those without. It is therefore clear that only quanti- 
tative estimation affords conclusive evidence for the presence of a vinyl residue. 


Wt. of formaldehyde 


Substance. Wt. ozonised, g. dimedon compound, g. Formaldehyde, %. 
Vimylbenzene .........cccscescoscseesecs 0°2, 0°2 0-171, 0°170 30 
RRs sasndnceeeccodeccssiasssceteseee 0°39 0°27 32 
CII sithtdedaceninicconseascseress 01 0°02 20 
1-Methyleyclohexene ............++.0+ 0°5, 0°5 0°0151, 0°0150 1 
A®-p-Menthene  ..........seeeeeeeeeeees 0°5, 0°5 0°0280, 0°0280 2°6 
EE isc ond ecineadanasaamerenieaatens 0-2, 0-2 0°010, 0°010 2°3 
PCYMONE  ..cccrcccccccccvecserecscesece 0°5, 0°5 0°038, 0:040 2-7 
BID | cci.dotdvoakanswesesentecnianes 0°2 0°0025 11 
A related compound _............++. 0-2 0:0050 2°3 


The figure in the last column is calculated on the assumption that one mole of formaldehyde 
is derived from each mole of substance. 


A solution of a weighed quantity of the substance (0-2—0-5 g.) in ice-cooled purified chloro- 
form (10 g.) is ozonised in a stream of 8% ozone (about 33 c.c. per min.) for 4 hours. The chloro- 
form is removed in a vacuum at room temperature, water (25 c.c.) added, and, after heating in 
the water-bath for 1 hour, the solution is distilled into 5 c.c. of ice-cooled water, leaving a residual 
5 c.c. (approx.). The distillate, which contains any formaldehyde resulting from the ozonis- 
ation, is treated with 20% excess of dimedon dissolved in a few drops of alcohol, the solution 
heated on a water-bath for 10 minutes and kept over-night at room temperature, and the form- 
aldehyde dimedon compound collected, dried, and weighed (m. p. 185—186°). 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 29th, 1935.] 





311. Stability against Interchange of the Iodine Atoms in 
Diphenyliodeium Iodide. 


By F. JuLiusBurGER, B. TopLey, and J. WEIss. 


THE ionic nature of crystalline diphenyliodonium iodide has recently been demonstrated by 
X-ray measurement of the distance between the iodine atoms in the solid (Medlin, J. Amer. 
Chem. Soc., 1935, 57, 1026). 

Using radioactive sodium iodide prepared by neutron bombardment, we have examined 
by means of a Geiger counter the facility of interchange, in solution, of iodide ions with the 
two different iodine atoms in diphenyliodonium iodide. 

The negatively charged atom naturally must interchange with sodium iodide in alcoholic 
and aqueous-alcoholic solution, and we have verified that this is so by crystallising di- 
phenyliodonium iodide out of hot solutions to which activated sodium iodide had been 
added. The solid, after washing with ice-cold water, was strongly radioactive; after 
grinding with silver hydroxide and water, filtration of the diphenyliodonium hydroxide 
solution, and reprecipitation of the iodide by means of inactive sodium iodide, it was 


* This method was preferred to the less specific iodine titration of Ripper (Monatsh., 1900, 21, 1079). 
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inactive. Thus the interchange occurs with the negative iodine atom only. No inter- | 


change with the positive iodine atom could be detected after boiling for twenty minutes in 
alcohol and in 1 : 1 aqueous alcohol. 

The decomposition of diphenyliodonium iodide into two molecules of iodobenzene has 
been quantitatively investigated by Fletcher and Hinshelwood (this vol., p. 596), who 
found that the decomposition takes place very much more rapidly in saturated solution 
in iodobenzene than in the solid. 

The mechanism of the decomposition in solution in iodobenzene is unknown, and there 
is no direct evidence as to the ionisation of the iodonium iodide in this solvent, but it seems 
probable that the solution contains ion pairs (CgH;),I*.1~, and that the formation of iodo- 
benzene results simply from the rearrangement of the bonds and charge distribution in 
these ion pairs. 

Assuming that decomposition takes place through the break-up of an activated com- 
plex, it seemed to us an interesting possibility that exchange of the two iodine atoms might 
take place through a similar activated complex. 


Pd & a 


. + a . . 
steel Sart CoH5<, pees Cols g 2°Colls 
A n 
Ion pair. Decomposition. Exchange. 


The formule with attached arrows represent activated complexes, in this case ion pairs 
with high potential energy. (The polar character of the normal ion pairs will now have 
given place to an approximately symmetrical distribution of electron density round the two 
iodine nuclei.) The internal kinetic energy of such a complex may be present in different 
ways: ¢.g., if the direction of motion of the representative point on the potential energy 
“surface” (see Eyring, J. Chem. Phys., 1935, 3, 107) is such as to weaken bonds 2 and 4 
whilst strengthening 3 and 1 as indicated in the central formula, then two bonds are formed 
and two are broken as the complex passes through the transition state; the final con- 
figuration is two molecules of iodobenzene. On the other hand, if the motion of the iodine 
nuclei is as indicated in the last formula, the original covalent bonds 1 and 2 will be broken 
and the new bonds 3 and 4 will be strengthened. Here again two bonds are broken and two 
formed, but the result is simply an interchange of the functions of the iodine atoms. 

Actually, as is proved by the following experiment, no detectable exchange does take 
place even under conditions so extreme that considerable decomposition occurs before the 
reaction is stopped. We wish to say about this result only that it does not contradict the 
view that the activation energy is lower for decomposition than for exchange. 

Diphenyliodonium iodide with the negative iodine active was prepared as above, and 
dried by washing with ether and slight heating. One part of this was put aside, and the 
remainder (ca. 1-5 g.) heated to 105° with 6 c.c. of iodobenzene for 5 minutes. From the 
velocity constants found by Fletcher and Hinshelwood (oc. cit.) we know that one quarter 
of the solid decomposes in the saturated solution under these conditions. The reaction 
mixture was rapidly cooled, and washed on to a filter with alcohol and water. The negative 
iodine atom was removed and replaced by inactive iodine as described above. After these 
operations the solid was completely inactive, whereas the original iodide was still strongly 
active, in spite of the radioactive decay during the time required for the chemical 
manipulation of the solutions. 


THE Str WILLIAM RAMSAY LABORATORIES OF INORGANIC AND PHYSICAL CHEMISTRY, 
UNIVERSITY COLLEGE, LonpDon, W.C. 1. (Received, July 23rd, 1935.] 
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312. The Chemistry of the Caryophyllene Series. Part IV. Clovene 
and Clovenic Acid. 


By RosBert Davip BLAIR. 


CLOVENIC acid, obtained from clovene by oxidation with chromic anhydride (Ruzicka, 
Gibson, and, in part, Blair, Helv. Chim. Acta, 1931, 14, 570), was primarily considered 
for degradation experiments on the clovene molecule. In agreement with the results 
of Ruzicka and others (loc. cit.) the acid showed exceptional stability. Any formula 
proposed for clovene must take this into account. 

Clovene was prepared from caryophyllene by the method of Asahina and Tsukamoto 
(J. Pharm. Soc. Japan, 1922, 484, 1). It was oxidised to clovenic acid (C,;H,4O,) by 
Ruzicka and Gibson’s method (loc. cit.), an oily neutral product also being obtained which 
on further oxidation with chromic anhydride gave clovenic acid. Methylmagnesium 
iodide reacted with clovenic anhydride in the same manner as the ethyl compound (loc. 
cit.), yielding an acid (C,gH,03), m. p. 195°, from which clovenic acid was obtained by 
the action of chromic anhydride. From phenylmagnesium bromide and clovenic anhydride, 
a lactone (C,,H3,0,), m. p. 212°, was obtained in very good yield, along with a crystalline 
keto-acid (C.,Hgg03), m. p. 270°. 

Oxidation of the lactone with chromic anhydride gave a crystalline neutral product 
(Cy,HggO3), m. p. 244°, besides an unsaturated crystalline acid substance (C,3H,,0,), 
m. p. 185—186°, in very small amount. 

The acid product also was oxidised with chromic anhydride and gave a few crystals 
of a substance, m. p. 240°, which was not investigated further. Work with the Grignard 
reagent was now abandoned, since oxidation of the products did not lead to degradation. 

Clovenic acid was not attacked by alkaline permanganate solution, permanganate 
in aqueous acetone at 0°, 30% hydrogen peroxide in glacial acetic acid, or boiling con- 
centrated nitric acid. Distillation of the calcium and thorium salts, and of the acid with 
soda lime and copper powder, did not yield any positive results. Moreover, although 
clovene, caryophyllene, and $-caryophyllene alcohol all reduce selenium dioxide with 
liberation of selenium, no crystalline constituent or derivative could be isolated. Ozonis- 
ation of clovene resulted in a 30% yield of clovenic acid; the nature of the neutral product 
has not been investigated. 

The formation of an amine being considered advantageous for degradation, clovenic 
acid was treated with hydrazoic acid in the hope of obtaining the diamine. A quantitative 
yield of clovenic anhydride was obtained! By the action of gaseous ammonia on clovenic 
acid and also on the anhydride, the di-ammonium salt was formed, m. p. 168—170° (de- 
comp.) (Found: N, 9-0. C,;H390,N, requires N, 9-3%). It was not possible to obtain 
the imide, since the ammonium salt decomposed on heating, giving clovenic anhydride 
with evolution of ammonia. 

In an attempt to prepare the monomethy] ester of clovenic acid, partial esterification, 
and also partial saponification of the di-ester, were tried in vain. It was finally prepared 
from sodium methoxide and clovenic anhydride, but was unstable, decomposing to give 
clovenic anhydride and methyl alcohol on heating. 

The formula recently proposed by Ruzicka (Chem. and Ind., 1935, 509) for caryophyllene, 
and the older formula of Henderson, McCrone, and Robertson (J., 1929, 1370) fail, in that 
they suggest a formula for clovene which could not yield a C,,; dicarboxylic acid on oxid- 
ation. It was pointed out by Ingold (Amn. Reports, 1924, 103) that the sesquiterpene 
skeleton is not merely composed of three isoprene nuclei, but is, so to speak, a folded 


farnesol chain, sy aie dain Sane Now, although Ruzicka’s formula can be 


divided into three isoprene units, it cannot be represented as a folded farnesol chain unless 
the positions of the methyl groups marked * in (I) are altered to the positions shown in 
(II). It will be seen that such a formula for caryophyllene can give rise to two different 
formulz for clovene (III and IV), either of which on oxidation could give a dicarboxylic 
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acid without loss of carbon. Either acid would, moreover, be expected to possess exceptional 
stability. Formula (I) on cyclisation would give the symmetrical structure (V). 






CH, A» cH, Si cH, [Hs 
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H,°C 2 H-CH Y 
2 <CH, HC” H,C \A 
(I.) (II.) (IIT.) 















| V. 
BA mh 





EXPERIMENTAL. 


Action of Methylmagnesium Iodide on Clovenic Anhydride.—Clovenic anhydride (10 g.) in 
absolute ether (30 c.c.) was added to a Grignard solution consisting of magnesium (3 g.) and 
methyl iodide (9 c.c.) in absolute ether (30 c.c.) and refluxed (10 hrs.). An acid product, m. p. 
195°, was obtained (Found: C, 71-7; H, 10-0; equiv., 269-8; M, 261. C,,H,,O, requires 
C, 72-0; H, 10-0%; M, 267), along with an oily neutral product. Both substances on oxidation 
with chromic anhydride gave clovenic acid (m. p. and mixed m. p.). 

Reduction. The acid product gave on treatment with sodium and m-amyl alcohol at 170° 
an acid substance, m. p. 137—138°. The m. p. of a mixture with the ethyl Grignard compound 
(loc. cit.) suffered a depression of 30°. 

Clovenic Anhydride and Phenylmagnesium Bromide.—Clovenic anhydride (10 g.) in absolute 
ether (30 c.c.) was added to a Grignard solution consisting of magnesium (2-7 g.) and bromo- 
benzene (17-3 g.) in absolute ether (80 c.c.), and refluxed (3 hrs.). Worked up in the usual 
manner, a neutral crystalline product (7-5 g.), m. p. 212° (Found: C, 83-35; H, 8-5; M, 350. 
C,,H ,0, requires C, 83-5; H, 8-2%; M, 388), and a crystalline acid product (1-5 g.), m. p. 
269° (Found: C, 76-9; H, 8-6; M, 306. C,,H,,O, requires C, 76-8; H, 8-5%; M, 327), were 
obtained. The neutral substance, which was saturated to bromine and permanganate, did 
not give a p-nitrobenzoate or semicarbazone. It also resisted attempts at dehydration, reduc- 
tion, and saponification. 

Oxidation. The neutral product (2-5 g.) in glacial acetic acid (20 c.c.) was heated on the 
water-bath with a solution of chromic anhydride (10 g.) in water (8 c.c.) to which was added 
glacial acetic acid (100 c.c.). After 6 hours’ heating, the acetic acid was distilled off, and on 
separation into neutral and acid products, a substance, m. p. 244°, was obtained from the ethereal 
extract (Found: C, 80-7; H, 7-15; M, 356, 365. C,,H,,O, requires C, 81:0; H, 7:0%; M, 
400). The alkaline extract gave on acidification an unsaturated acid, m. p. 185—186° (Found : 
C, 82-2; H, 8-0; M, 342, 352. C,,H,,O, requires C, 82-4; H, 8-1%; M, 335). 

The neutral oxidation product was recovered unchanged after being heated (3 hrs.) on a 
boiling water-bath with a mixture of glacial acetic acid (6-5 c.c.) and formic acid (98%; 4c.c.). 
No crystalline derivative of either semicarbazide or 2: 4-dinitrophenylhydrazine was obtained. 




























— (f mw hUhmhhlUrt 





I take this opportunity of expressing my thanks to Professor Dr. L. Ruzicka, in whose 
laboratory the work was commenced, and also to Professor G. G. Henderson, M.A., F.R.S., 
for his interest in the investigation. I am grateful to the Carnegie Trust for a Teaching 
Fellowship. 


Tue UNIVERSITY, GLASGOW. (Received, June 13th, 1935.] 











Polysaccharides. Part XXII. 1299 


313. Polysaccharides. Part XXII. Constitution and Molecular 
Structure of a-Amylodextrin. 


By W. N. Haworth, E. L. Hirst, and A. C. WAINE. 


In the present work we have studied the properties of an «-amylodextrin derived by the 
break-down of potato starch by means of barley amylase. This product represents an 
arrested stage in the scission of starch to maltose or glucose. It is composed of «-gluco- 
pyranose units united in a chain of about two-thirds the length of the chemical molecule of 
starch itself. The limiting size of the chemical molecule of the methylated amylodextrin, 
determined by the gravimetric assay of tetramethyl glucose as the end-group, was 16—17 


glucopyranose units. 
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The «-amylodextrin was prepared from the simplified i already described (Baird, 
Haworth, and Hirst, this vol., p. 1201) and was obtained as a white powder, soluble in cold 
water when freshly prepared, but soluble only in hot water after being kept and dried 
(solutions so obtained do not deposit the dextrin on cooling). lodine gave a red-violet 
colour with this dextrin, and this is just as characteristic of this product as is the blue 
colour with starch and the red colour with glycogen. It showed some resemblance to 
starch and to glycogen in respect of its optical rotation. Acetylation of this substance in 
the presence of chlorine and sulphur dioxide as catalysts gave an amylodextrin acetate 
which was soluble in chloroform or acetone and showed an iodine number corresponding to 
that of the original a-amylodextrin. Its viscosity calculated on the basis of the Staudinger 
formula corresponded to an apparent molecular weight of 12,000, or about 40 glucose units. 
On the other hand, acetylation of the «-amylodextrin in the presence of pyridine gave two 
dextrin acetates. One of these, also soluble in acetone, was similar in all respects to that 
just described, except that it showed by the viscosity method an apparent molecular weight 
of 22,000, or 80 glucose units. Viscosity measurements, therefore, appeared to indicate 
that the latter dextrin acetate had twice the molecular complexity of the former. In 
addition to the foregoing, there was also formed by the pyridine method a dextrin acetate, 
representing about half the total product, which was insoluble in acetone, had a smaller 
iodine number, and in its properties had affinities with a derivative of amylopectin. 

It was evident, therefore, that under different methods of acetylation, dextrin acetates 
of different degrees of aggregation could be prepared, and it was apparent that in the pres- 
ence of pyridine re-aggregation of a simpler unit seemed to be promoted. Methylation of 
the dextrin acetate prepared with the aid of sulphur dioxide and chlorine as catalysts gave 
a methylated amylodextrin which was soluble in chloroform or acetone and showed by the 
viscosity method an apparent molecular weight of 8,000 (about 40 glucose units). By this 
method of comparison it would appear that no disaggregation of the physical unit had 
occurred during the methylation process. The gravimetric assay of the end-group of this 
specimen of methylated amylodextrin gave a yield of 7-1% of tetramethyl glucose, equiva- 
lent to a chain length of 16—17 glucose units or a molecular weight of about 3,500. This 
result is fully in accordance with other observations on methylated starches which have 
undergone molecular aggregation. It has recently been shown (Baird, Haworth, and 
Hirst, loc. cit.) to be possible to prepare from starch a methylated amylose the molecular 
weight of which, determined viscosimetrically, is identical with the value obtained by assay 
of the end-group. It seems to be clear that the shortened chain of «-amylodextrin retains 
the capacity to undergo molecular aggregation just as does amylose itself. It will be our 
endeavour to trace the structural factors which are responsible for the conferment of this 
property both on amylose and on amylodextrin. Inasmuch as the capacity to undergo 
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molecular aggregation does not appear to be shared by glycogen to anything like the same 
extent, it may be possible to reveal the reason for this difference of behaviour of poly- 
saccharides which are structurally very closely related although they differ in their phos- 
phorus content. In this connexion, it may be pointed out that the «-amylodextrin used 
in this work was nitrogen-free, but its phosphorus content was unexpectedly high, being 
more than twice that of potato starch. The phosphorus was retained in large measure 
during acetylation and methylation, and appeared to be chemically combined. Never- 
theless, the dextrin gave no pastes and there was no correlation between phosphorus content 
and viscosity of derivatives, the viscous and non-viscous varieties of the acetate having 
similar phosphorus contents. Furthermore, we have not been able to trace any direct 
connexion between phosphorus content and capacity to undergo aggregation. It may be 
possible also to determine whether the conformation of the chain is responsible for this 
property, or whether it is due to the spiral formation of chains and the entanglement of 
adjoining chains. The extent to which molecular aggregation is brought about by the 
union longitudinally as well as laterally of several chains, perhaps by a process of co-ordin- 
ation, will also be studied. Determinations of molecular weight by osmotic pressure 
methods are being undertaken, but the values so obtained, like those given by the Svedberg 
ultra-centrifugal method, may represent the particle weights (aggregated molecules) rather 
than true molecular weights. The direct chemical assay of the end-group of methylated 
derivatives may be said to give the limiting size of the unit of the chemical molecule. 

It is evident that the degree of aggregation of specimens of amylodextrin acetate is 
reflected also in their chemical behaviour. The acetone-soluble specimen of the dextrin 
acetate prepared by the pyridine method of acetylation displayed an anomalous behaviour 
during methylation with methyl sulphate. During the de-acetylation and methylation of 
the acetate prepared with sulphur dioxide and chlorine as catalysts, the rotation of the 
methylated product in chloroform rose regularly ([«]573) 149° —-> 222°) as the methoxyl 
content increased. Contrary to this experience, the optical rotation in chloroform of the 
product from acetate prepared by the pyridine method increased slightly ([«];7.9 206° —> 
213°) during the early stages of the methylation and then diminished progressively with 
rise of methoxyl content until the latter reached 40-5%. Thereafter, the rotation rose 
gradually to the maximum value (222°) which was reached when the methylation was com- 
plete. It is probable that this phenomenon is connected with the progressive disaggre- 
gation during methylation, and this process of disaggregation appears to be much more 
marked when methyl iodide and silver oxide are used in place of methyl sulphate. These 
phenomena will be studied further in order to confirm this interpretation. 

In this work we have used viscosity methods with a view to the qualitative differenti- 
ation of the derivatives of polysaccharides, inasmuch as the exact quantitative relationship, 
particularly in the starch series, is not yet clear. For instance, the molecular weight, 
calculated by the viscosity method, in the case of methylated inulin is only about half that 
determined by the end-group method. In the case of cellulose derivatives, Staudinger has 
reported that a methylated cellulose shows a molecular-weight value by the viscosity 
method which is high in comparison with that of the acetate from which it was prepared. 
These are anomalies which doubtless will receive an explanation in the near future. Our 
studies of starch and starch dextrins suggest the view that in native cellulose there may be 
molecular aggregation, and that the fundamental chemical molecule is probably not much 
greater than 200 glucose units in length. The reagents employed in preparing derivatives 
from native cellulose doubtless effect considerable disaggregation, a process which must 
be distinguished from that of chemical break-down of the molecule. 


EXPERIMENTAL. 


Values of yp, refer to 0-02 g. of substance in 5 c.c. of m-cresol at 20°. 

Preparation of «-Amylodexirin.—The barley amylase required was obtained as follows. Un- 
germinated barley grains (100 g.) were ground to a fine meal and steeped in 20% aqueous alcohol 
for 6 hours with occasional stirring. The mixture was filtered through muslin and refiltered 
through paper. The filtrate was poured into 85% alcohol, and after some time the coagulated 
precipitate was separated on the centrifuge and dissolved in water (40 c.c.). The solution was 
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heated at 55° for 15 minutes to destroy maltase, and then used for the hydrolysis of 50 g. of 
starch. An alternative procedure was to heat the 20% alcoholic solution at 55° for 15 minutes 
and use it directly for the hydrolysis. The action of the enzyme seemed to be unaltered, and the 
troublesome precipitation was avoided. 

Numerous experiments under a variety of conditions were made with pastes made from 
ordinary potato starch, but the results were variable and the method was unsatisfactory for 
routine production of dextrin. Consistent results were obtained when use was made of soluble 
amylose prepared from potato starch by the action of ethyl-alcoholic hydrogen chloride (Baird, 
Haworth, and Hirst, loc. cit.). This freshly prepared amylose is non-reducing and readily gives 
10% aqueous solutions which are limpid and mobile. Potato starch (100 g.) was suspended in 
absolute alcohol (150 c.c.), 5% ethyl-alcoholic hydrogen chloride added (10 c.c.), and the mixture 
boiled for 30 minutes. The starch was filtered off, washed twice with boiling absolute alcohol, 
then with ether, and dissolved in hot water (11.). The aqueous solution was adjusted to py 6-0 
by addition of N/10-sodium hydroxide. The temperature was then raised to 55°, the appropriate 
amount (see above) of barley extract added, and the mixture kept for 17 hours. The solution 
then showed strong reducing power (equivalent to conversion of 60% of the starch into maltose) 
and gave a reddish-violet colour with iodine; it was diluted with three times its volume of 85% 
alcohol to precipitate the dextrin, which was coagulated by shaking. A small amount of dextrin 
(about 5 g.) remained in solution, but on isolation it was found to be much contaminated with 
strongly reducing substances. The dextrin was then digested with boiling 85% alcohol for 1 
hour, and powdered in a mortar under absolute alcohol. Further purification was effected by 
reprecipitation by alcohol from a 25% aqueous solution. 

Attempts were made to fractionate the dextrin by precipitation of an aqueous solution with 
alcohol, but all the fractions obtained had properties identical with those described below. The 
a-amylodextrin (yield 40 g.) was a white powder, having the solubility properties described on 
p. 1299. Its highly concentrated aqueous solutions were viscous but showed no tendency to 
form a gel. The dextrin gave a reddish-violet colour with iodine, the colour being destroyed 
above 60°. The iodine number was 1-8—2-0; [a]? + 200° in water (c, 1-0); + 144° in 5% 
aqueous sodium hydroxide (c, 0-5) (Found: P,O,;, 0-48%). Solutions of the dextrin in water 
are not acted upon by barley amylase: no reducing power is developed, no change is observable 
in the colour with iodine, and the dextrin can be recovered unaltered. 

Acetylation of «-Amylodextrin.—(a) By pyridine and acetic anhydride. The dextrin (30 g.) 
was soaked for 12 hours with pyridine (120 c.c.). More pyridine (120 c.c.) and acetic anhydride 
(180 c.c.) were added, and the mixture kept for 4 hours at 15° with frequent stirring. The clear 
colourless solution was then poured into water, and the precipitated acetate was separated, 
washed, and dried in the usual way; yield, 40 g. of a crisp white powder. This acetate became 
sticky on treatment with alcohol but did not dissolve. It was only partly soluble in acetone, but 
dissolved almost completely in chloroform containing 10% of alcohol, in which it had [«]?%, 
+ 170° (Found: CH,°CO, 45-0. Calc. : CH,-CO, 44:8%). About 50% of the acetate was insoluble 
in boiling acetone. The insoluble portion was fully acetylated (Found : CH,°CO, 44-3; P,O,, 
0-22%), but was not sufficiently soluble in m-cresol to permit measurements of viscosity; 
[a]2%s0 + 142° in glacial acetic acid (c, 0-8); iodine number 0-6. 

The portion of the dextrin acetate soluble in acetone was fractionated by precipitation from 
acetone solution by water. The fractions obtained were, however, indistinguishable, and each 
had [a]§%o + 172° in chloroform (c, 0-5); + 150° in glacial acetic acid (c, 1-0) (Found : CH,-CO, 
45-0; P,O;, 0-18% ; iodine number 1-2). The acetone-soluble acetate showed 7p, 0-306, corre- 
sponding with an apparent M.W. of 22,000 (about 80 glucose units). 

(b) By acetic anhydride in presence of sulphur dioxide and chlorine. The dextrin (70 g.) was 
suspended in glacial acetic acid (450 c.c.) containing a little chlorine. After } hour, acetic 
anhydride (750 c.c.) containing an amount of sulphur dioxide equivalent to the chlorine was 
added with stirring. After 2 hours at 50° the dextrin dissolved, giving a clear solution, which 
was poured into water. The acetate (yield, almost quantitative) was collected in the usual way, 
and had properties identical with those of the acetate described under (a), with the important 
exception that it was readily soluble in acetone and in chloroform and that it had y,,, 0-165, 
corresponding with an apparent M.W. of 12,000 (about 40 glucose units) (Found: P,O,, 0-22%). 
All samples of the acetylated dextrin gave on deacetylation a dextrin indistinguishable from the 
original «-amylodextrin, and the regenerated dextrin gave the characteristic red-violet colour 
with iodine. 

Methylated a-Amylodextrin.—(a) From acetate prepared with chlorine and sulphur dioxide as 
catalysts. The acetate (20 g.), dissolved in acetone (100 c.c.), was deacetylated and methylated 
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at 55° by the gradual addition of methyl sulphate (120 c.c.) and 30% aqueous sodium hydroxide 
(320 c.c.). At the conclusion of the reaction (2 hours), boiling water was added to precipitate 
the product. After the first methylation, some of the product remained in solution. Accord- 
ingly, after neutralisation the solution was evaporated to dryness in the presence of barium 
carbonate. The mixture of solid and syrup was dissolved in the minimum amount of water and 
treated as above with methyl sulphate and alkali. In subsequent methylations only the product 
precipitated by boiling water was collected. Introduction of methyl groups proceeded regularly 
but sluggishly, and at least 12 methylations were necessary to raise the methoxyl content above 
44%,. During the methylation the rotation of the product in chloroform rose continuously with 


the methoxyl content : 


No. of methylations ............ 3 6 9 12 
(a) 209 in CHCl, «...-.0eeeeeeeees 149° 189° 216° 222° 
39 43 45 





The final product was obtained as a crisp, white froth by evaporation of its solution in chloro- 
form. It was exceedingly troublesome to handle owing to the ease with which its small particles 
became electrified by friction. It was soluble in chloroform and acetone, insoluble in ether and 
in hot water, and gave no colour with iodine. It was dissolved in chloroform and separated into 
fractions by careful addition of light petroleum. No differences between the fractions could be 
detected, and each showed [a]?4. + 222° in chloroform (c, 0-5) and had 7.) 0-17, corresponding 
with an apparent M.W. 8,000 (about 40 glucose units) (Found: C, 52-7; H, 7-6; OMe, 45-2; 
P,O,, 0-19. C,H,,O, requires C, 52-9; H, 7-9; OMe, 45-5%). 

(b) From acetate prepared with pyridine as catalyst. The acetate used was the acetone- 
soluble material described above (the deacetylation and methylation of the acetate insoluble in 
acetone were not investigated). In this case also methylation proceeded slowly with the 
additional complication that the rotation of the product was no guide to its methoxy] content 
(see above). After two treatments with methyl sulphate and alkali, the product had [a];%,, 
+ 206° in chloroform (c, 1-0) and OMe, 36-7%. After six methylations the figures were + 213° and 
39-3% respectively. After two further methylations the rotation fell to 203° and the methoxy] 
content rose to 40-5%. Thereafter the rotation rose gradually with the methoxy] content until 
the final product having [«];%,, + 222° was obtained (Found: OMe, 45-7%). A still more 
remarkable rotational change was observed when the methylation procedure was varied slightly. 
A portion of the material after six methylations ([«]57g9 + 213°; OMe, 39-3%) was dissolved in 
methyl iodide and the boiling solution was treated with silver oxide in the usual way. The 
methoxyl content remained unaltered after this treatment, but the rotation fell by 22° 
({a]}23s0 + 191° in chloroform). Methylation by methyl sulphate and alkali was then resumed, 
whereupon the rotation increased steadily along with the methoxyl content, until after the 
fifteenth methylation the product had [«]?%,, + 222° in chloroform (c, 0-5) (Found : OMe, 45-7%). 
This sample of methylated amylodextrin was indistinguishable from the material described in the 
previous section : even its viscosity was closely similar (yp, 0-13, whence apparent M.W. 6,500). 

Hydrolysis of Methylated Amylodextrin.—The finely powdered methylated dextrin (19-3 g., 
prepared from the acetate obtained by use of chlorine and sulphur dioxide) was added slowly to 
hydrochloric acid (110 c.c., saturated with hydrogen chloride at 0°). The clear solution was 
kept at 0° for 18 hours, the excess hydrogen chloride removed by aeration at 15°, and the solution 
neutralised with barium carbonate. The filtered solution and washings (A; 300 c.c. in all) 
were extracted with chloroform, and the solid residue was twice extracted with boiling chloro- 
form. The united chloroform extracts left on evaporation a syrup, which was boiled for 7 hours 
in 1% methyl-alcoholic hydrogen chloride. After neutralisation of the solution by silver car- 
bonate and removal of the solvent, there remained a non-reducing syrup (B) (13-40 g.), which 
was slowly distilled into a special flask fitted with a fractionating column. After 6-66 g. (C) 
had been collected, the refractive index of the distillate had risen to n° 1-4565, indication being 
thus afforded that the whole of the tetramethyl methylglucoside had distilled over. On distil- 
lation of (C) through the column, the following fractions were obtained: (a) 1-12 g., b. p. 
90°/0-:02 mm. (bath temp. 130°), n>” 1-4450 (Found: OMe, 59-0%); (b) 1-53 g. (bath temp. 
145°/0-03 mm.), ?" 1-4538 (Found: OMe, 54-5%); (c) 3-46 g. (bath temp. 150°/0-02 mm.), 
nj 1-4561 (Found: OMe, 51-9%). The residue in the distillation flask had ni%° 1-4572 and 
weighed 0-5 g. The remainder of (B) was trimethyl methylglucoside, m3)" 1-4556. 

The aqueous solution (A) was evaporated to dryness, and the organic material extracted with 
boiling chloroform and converted into the methylglucoside by boiling methyl-alcoholic hydrogen 
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chloride (yield, 7-09 g.). On distillation, this gave 4-1 g. of trimethyl methylglucoside, bath 
temp. 120°/0-02 mm., 3)" 1-4556. The still residue (2-8 g.) was a brown glass which did not 
distil at bath temp. 190°/0-02 mm. It was mainly imperfectly hydrolysed material. 

Fraction (a) contained 85% of tetramethyl methylglucoside (indicated both by refractive 
index and by the methoxy] content), i.e., 0-95 g. Fraction (b) contained about 22% of the same 
glucoside, i.e., 0-34 g., the total yield of which was therefore 1-29 g. from 19-3 g. of methylated 
dextrin. After correction by addition of 10% to allow for experimental losses this amounts to a 
yield of 7-5%, corresponding to a chain-length of 16—17 glucose units (M.W. ca. 3,500). 

The identity of the tetramethyl methylglucoside was established by hydrolysis of fraction 
(a) with boiling 6% aqueous hydrochloric acid. This gave in excellent yield tetramethyl 
glucopyranose, m. p. 87° alone or when mixed with an authentic sample of the same m. p. 
The trimethyl methylglucoside gave on hydrolysis crystalline 2 : 3 : 6-trimethyl glucose, m. p. 
115° alone or when mixed with an authentic sample of the same m. p. 


The authors thank the Royal Society for a grant. 
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314. The Reaction between Potassium Permanganate and 
Oxalic Acid. 


By O. M. Lipwett and R. P. BELL. 


In the absence of any other substances this reaction is autocatalytic, but in presence of 
manganous salt in excess of a certain amount it follows a unimolecular course with respect 
to the rate of disappearance of oxidising power. Provided the manganous salt is present 
in sufficient excess, its concentration has no effect on the rate. These points have been 
established by Skrabal (Z. anorg. Chem., 1904, 42, 1), who also noted that the colour of the 
solution was at no time that of the original permanganate, but varied from a cherry-red 
toa brownish tint. On the basis of his work he proposed the following scheme (1) to account 
for the kinetics of the reaction, 


Complex —»> Mn***+ nC,0,- slow 
2Mn***-+ C,0,= —>» 2Mn**+ 2CO, _ rapid 


the nature of the manganic oxalate complex being left undetermined. Further work on 
the reaction has been done by Launer (J. Amer. Chem. Soc., 1932, 54, 2597), who states 
that the rate is inversely proportional to the oxalate concentration, and deduces from this 
the following scheme (2) : 

Mn*** + 2C,0,= == Mn(C,0,).~ rapid 

Mn***+ C,0,= —»> Mn**-+ CO, + CO:O- slow 

Mn*** + CO-O- —> Mn**+ CO, rapid 
The present work was carried out with a view to obtaining independent evidence of the 
nature of the complex involved. 

Both the above investigations were carried out with a large excess of oxalic acid. If, 
however, smaller amounts are taken, the reaction does not follow a unimolecular course, 
but there is an initial rapid reaction which gives way fairly abruptly to a much slower change 
(Fig. 1). The stage at which this transition takes place varies with the composition of the 
solution. On the assumption of complex formation this may be explained by supposing 
that the rapid reaction is due to free manganic ions, and the slow reaction is due to the 
complex. If the amount of oxalate originally present is insufficient to convert all the 
Mn*** ions into complex, there will be an initial rapid stage, but as soon as the excess of 
Mn*** ions has been removed by reduction, the rate will settle down to the slower rate 
determined by the reaction of the complex. Experiments of this kind should thus provide 
a method of determining the composition of the complex. 

In the following experiments the manganous salt, acid, and permanganate were first 








1304 The Reaction between Potassium Permanganate and Oxalic Acid. 


mixed, and the reaction started by adding the oxalic acid solution. The reactions were 
stopped at the required times by rapidly adding a large excess of potassium iodide solution 
and titrating the iodine liberated with thiosulphate. The measurements were made at 
room temperature. 

The results of a series of experiments with various oxalate concentrations are in the 
table. Each solution was 0-00176M, 0-0088M, and 0-0175M with regard to potassium 
permanganate, manganous sulphate, and sulphuric acid, respectively, and the oxalate 
concentration is given in thetable. The titres are expressed as fractions of the initial titre 
and are plotted against the time in Fig. 1. 





Titres. 
H,C,O, concn. 7 —~ 

No. (millimoles perl.). 1 min. 3 mins. 5 mins. 7 mins. 9 mins. a. %. 
1 2°3 0°545 0°51 0°52 0°52 0°50 0°25 0°51 
2 3°9 0°36 0°185 0°16 0-17 — 0°44 0°17 
3 51 0°18 0°025 0°015 _ — 0°58 0°025 
4 5°7 0°23 0°055 0°035 0°03 — 0°65 0°065 
5 114 0°395 0°26 0-21 0°185 0°15 1-30 0°30 
6 17°1 0°72 0°495 0°40 0°355 0°28 1°94 0°535 
7 22°8 0°86 0°70 0°60 0°515 0°44 2°50 0°88 


The mixtures with the lowest two oxalate concentrations do not contain enough oxalic 
acid to reduce all the manganese : in these cases the change practically ceases after the 
first 3 or 4 minutes (the theoretical end-points for 
these two experiments are indicated in the figure). 
In all the other cases there is an initial fast stage, 
followed by a slower one. In the later stages of 
the reaction the rate depends_only on the titre, 
and the later experimental points in experiments 
~ 3—7 can all be made to lie on the same unimole- 
cular rate curve by displacing them parallel to the 
time axis. The titre at which the reaction begins 
to follow this curve (i.e., the transition between 


Fie. 1. 
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Pe the fast and the slow reaction) varies from case to 

0-6 7" case, and can be determined fairly accurately from 

oS the graphs as shown by the dotted lines (the error 

: a A—1-o-/ | is at most about 3% of the initial titre). These 

= iy 8 titres are given in the table in the column marked 

>» “7 | x. The composition of the solution at these points 

ae _ should correspond to the composition of the com- 

“8 ke plex. If in any particular experiment there are 

= | initially @ moles of oxalic acid per equivalent of 

" ie oxidising power (3.¢., per mole of Mn*** ions), then 

024 N : the amount of tervalent manganese present at the 

= — es point where the velocity changes is x moles, and 

' the amount of oxalic acid is a — 3(1 — x) moles. 

VA If the composition of the complex is Mn***. C,0,, 

Acs r oS Log we have 

0 2 RH 8 10 nx = a — (1 — x), or x(m — 4) =a — }. 


If, therefore, ais plotted against x for a number of different experiments, a straight line 
having a slope of m — 4 should be obtained. Fig. 2 shows such a plot for the values of x 
and ain the table. As anticipated, the points on the right hand side of the graph lie on a 
straight line. (The left hand side corresponds to the experiments in which there was not 
enough oxalic acid present to reduce all the permanganate.) The slope of the line drawn 
is 2-48, corresponding to m = 2-98. This indicates that the complex which determines the 
slow rate contains three oxalate groups per tervalent manganese atom. 

A possible formula for the complex is [Mn(C,O,)3]'’, a symmetrical ion with 6-covalent 
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manganese, and this appears the more probable since the salt K,;Mn(C,0,)3,3H,O can be 
prepared (Kehrmann, Ber., 1887, 20, 1594). This salt was prepared and was in fact found 
to decompose in acid solution at a rate corresponding to the slow portions of the curves in 
Fig. 1. Its acid solutions also had the same brownish tint as appears in the reaction be- 
tween permanganate and oxalic acid. 

It was, however, found that theneutral solution of the salt (which has a cherry-red colour) 
is much more stable. This suggests that the reaction cannot take place according to the 
simple scheme (1) proposed by Skrabal, but 
that the rate-determining step involves the 
hydrogen-ion concentration, ¢.g., it might 
be the decomposition of small quantities of 
the neutral molecule Mn(HC,0,), in equi- 
librium with the hydrogen ions and the ion 
[Mn(C,0,)3]'". The effect of acid concen- 
tration will be the subject of further study. 
There are a number of kinetically indis- 
tinguishable reaction schemes which are not 
worth enumerating. It may, however, be 
noted that if trimolecular and more complex 
reaction steps are avoided, it is necessary to 0 10 a2 30 
assume the participation of unstable inter- 
mediates such as HC,O,, CO-O-, etc. The transient presence of such species may play 
some part in the so-called ‘ activation’”’ of oxalic acid by this reaction (Oberhauser, Ber., 
1928, 61, 521; Kraus, J. pr. Chem., 1933, 136, 257, and later papers). 

The reaction scheme (2) suggested by Launer is incompatible with our experimental 
results. We have also been unable to confirm his statement that in the presence of an ex- 
cess of oxalate the velocity is inversely proportional to the concentration of oxalate ion. 
A few experiments at constant hydrogen-ion concentration indicate that the rate is 
essentially independent of the oxalate-ion concentration. 


Fic. 2. 
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315. Digitalis Glucosides. Part V. On the Constitution of 
Digoxigenin. 
By SYDNEY SMITH. 


DIGOXIGENIN is the aglucone of digoxin, a cardiotonic glucoside occurring in the leaves of 
Digitalis lanata. It has been shown (Part II; J., 1930, 2478) that of the five atoms of 
oxygen present in the molecule of digoxigenin, C,,H,,0,, three are accounted for by the 
presence of hydroxyl groups, and that the remaining two occur in a lactone group. The 
nature of these substituent groups has now been investigated in greater detail. 

Digoxigenin readily loses one hydroxyl group on treatment with dilute acids (loc. cit.). 
Two of the hydroxyl groups can be acetylated and on treatment with chromic acid two of the 
hydroxyl groups are oxidised to form the corresponding diketone. The latter readily loses 
the remaining hydroxyl group on treatment with acids. It is clear that two of the hydroxyl 
groups are secondary and the third is tertiary in character. Although the analytical data 
indicate the formation of a diketone in the above-mentioned oxidation, the product gives 
only a monoxime and a monosemicarbazone. Analyses of the corresponding oxidation pro- 
ducts of isodigoxigenin and dihydrodigoxigenin also indicate the formation of the corre- 
sponding diketones, although here again in each case only one of the ketonic groups reacts 
with hydroxylamine or semicarbazide. The consistent series of analyses, however, leaves 
no doubt that two such groups must be present and confirmation of the presence of two 
ketonic groups is afforded by the formation of a dioxime from the oxidation product of 
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anhydrodigoxigenin. Analyses of the oxidation products of methyl isodigoxigeninate, 
isodigoxigenic acid and its methyl ester also agree with the figures required for the oxidation 
of two secondary alcoholic groups. 

Digoxigenin has all the properties associated with the presence of the A*”-lactone group 
(partial formula I) which is characteristic of the genins of the cardiac glucosides. It gives 
a red colour with alkaline sodium nitroprusside (Legal reaction). On catalytic reduction it 
takes up one molecule of hydrogen and then no longer gives the Legal reaction. Hydrolysis 
of digoxigenin gives rise to an aldehydo-acid (II) (digoxigeninic acid) ; this can be oxidised 
to the dicarboxylic acid (III), which is unstable and is isolated as the corresponding lactone 
acid (IV) (digoxigenic acid). Relactonisation of the acid (II) gives rise, not to the original 
lactone, but to the isomeric lactone (V) (isodigoxigenin). Since isodigoxigenin is not 
reducible by catalytic reduction and does not give the Legal reaction, it can no longer 
possess a double bond and must therefore have acquired an. additional cyclic structure. 
In all these respects digoxigenin behaves similarly to digitoxigenin and the explanation of 
these reactions first put forward in the case of digitoxigenin by Jacobs and Gustus (J. Biol. 
Chem., 1928, 78, 576; cf. Windaus and Stein, Ber., 1928, 61, 2440) applies equally to 
digoxigenin. The original formulation has been modified slightly and an additional carbon 
atom has been inserted between the tertiary hydroxyl group and the lactone group as 
required by the present views on the structure of digitoxigenin. 

The constitution of the cardiac aglucones has recently been discussed by Kon (Chem. 
and Ind., 1934, 593, 956), Tschesche (Angew. Chem., 1934, 47, 729; Z. physiol. Chem., 
1934, 229, 219), and Jacobs and Elderfield (J. Biol. Chem., 1935, 497) and formula (VI) 
has been assigned to digitoxigenin. Although no direct correlation of digoxigenin with 
digitoxigenin has yet been effected, there can be little doubt, in view of the close similarity 
in properties of the two genins and their derivatives, that both have the same skeletal 
structure. It then remains necessary to determine the positions of the lactone group and 
the two secondary and one tertiary hydroxyl groups. The position of the lactone group at 
C17 has been established in the case of uzarigenin by degradation to alloaetiocholanic acid 
(Tschesche, Z. physiol. Chem., 1935, 229, 219) and for digitoxigenin by degradation to 
aetiocholanic acid (Jacobs and Elderfield, J. Biol. Chem., 1935, 108, 497). It is probable 
that in digoxigenin the lactone group is situated at the same war's 
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If this is so, it becomes possible to determine the a ~~ the tertiary hydroxy] 
group, since the latter is concerned in the formation of isodigoxigenin and must therefore 
be in close proximity to the lactone group for easy ring formation to occur. The nearest 
available position for a tertiary hydroxyl group is at Cl4. That it is the tertiary hydroxyl 
group which takes part in the formation of isodigoxigenin is established experimentally by 
the conversion of digoxigenone into isodigoxigenone, identical with the 1so-compound 
formed by the oxidation of isodigoxigenin. In digoxigenone the secondary alcoholic 
groups of digoxigenin have been oxidised to the corresponding ketone groups and it can 
only be the remaining unoxidised tertiary alcoholic group which takes part in the formation 
of the iso-compound. Additional evidence that the tertiary hydroxyl group takes part in 
the ring formation is afforded by the fact that :sodigoxigenin forms a diacetate and hence 
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retains the two secondary alcoholic groups and that it does not form an anhydro-compound 
as it should if the tertiary hydroxyl group were still free. The positions at Cl4 and C17 are 
thus allocated to a tertiary hydroxyl group and a lactone group respectively. It then 
remains to determine the position of the two secondary alcoholic groups. One of these, 
on biogenetic grounds, is almost certainly situated at C3. The arrangement of a secondary 
alcoholic group at C3, a tertiary alcoholic group at C14, and a lactone group at C17 is that 
proposed for digitoxigenin by Tschesche and Jacobs and Elderfield (locc. cit.). The position 
of the additional secondary hydroxyl remains to be determined and the investigation is 
being continued with the object of locating it and of establishing a direct experimental 
correlation of digoxigenin with digitoxigenin. 


EXPERIMENTAL. 


Digoxigenone.—Digoxigenin (1 g.) was dissolved in 80% acetic acid (20 c.c.) and treated at 
laboratory temperature with Kiliani’s chromic acid solution (5c.c.). After 1 hour, the solution 
was diluted with water and extracted with chloroform. The chloroform extract was washed 
with water, dilute sodium carbonate solution, and water, dried (magnesium sulphate), and 
evaporated ; the residue crystallised from acetone in needles, m. p. 265° (decomp.), [«]3%, + 130° 
(c in acetone 0-4), sparingly soluble in methyl and ethyl alcohol, benzene, and ethyl acetate, more 
soluble in acetone, and readily in pyridine (Found: C, 71-6; H, 7-9. C,3;H3,0, requires C, 
71:5; H, 7:8%. Lactone titration: 18-49 mg. required 0-51 c.c. 0-1IN-NaOH. One equiv. 
requires 0-48 c.c.). Oxidation of digoxigenin with aqueous chromic acid under the conditions 
described above gave the same digoxigenone. The oxime was prepared by boiling the ketone 
(0-2 g.) with hydroxylamine hydrochloride (0-2 g.) in a little water and potassium acetate (0-4 g.) 
in methyl alcohol for 3 hours; when the solution was diluted with water and concentrated, 
the oxime separated in plates, m. p. 235° (decomp.) (Found: N, 3-6. C,,;H;,0,N requires N, 
3-5%). The semicarbazone, prepared from the ketone (0-2 g.), semicarbazide hydrochloride 
(0-2 g.) in a little water, and potassium acetate (0-3 g.) in methyl alcohol, the solution being 
diluted with water and concentrated after 24 hours, separated in granular aggregates of needles, 
m. p. 268° (decomp.) (Found: N, 9-2. C,,H3;,;0,N, requires N, 9-5%). 

isoDigoxigenone.—isoDigoxigenin (0-2 g.) was dissolved in a mixture of acetic acid (4 c.c.) 
and water (1 c.c.) and treated with 1 c.c. of 20% aqueous chromic acid. Crystals separated in a 
few minutes and after } hour the ketone was collected (0-18 g.). It crystallised from chloroform 
in fine needles, m. p. 335°, sparingly soluble in the common organic solvents (Found: C, 71-5; 
H, 7-9. C,3H 390, requires C, 71-5; H, 7-8%. Lactone titration : 20-06 mg. required 0-60 c.c. 
0-IN-NaOH. One equiv. requires 0-52 c.c.). 

The oxime, prepared as above, the reaction mixture becoming clear after 15 minutes’ boiling, 
separated in long rectangular plates, m. p. 305° (decomp.) (Found: N, 3-5. C,,;H;,0,;N requires 
N, 3-5%). The semicarbazone, prepared as above (2 hours’ heating), separated in needles, 
m. p. 295° (decomp.) (Found: N, 9-4. C,,H;,;0,N, requires N, 9-5%). 

Dihydrodigoxigenone.—Dihydrodigoxigenin (0-5 g.), dissolved in 80% acetic acid (7 c.c.), 
was treated with Kiliani’s chromic acid solution (2-5 c.c.) at laboratory temperature. On 
addition of water the diketone separated. It crystallised from alcohol in needles, m. p. 243°, 
[o]2051 + 119-6° (c in chloroform, 0-90), sparingly soluble in methyl and ethyl] alcohol, acetone, 
and ethyl acetate, readily soluble in chloroform (Found: C, 71-3; H, 8-3. C,,;H;,O, requires 
C, 71-1; H, 83%. Lactone titration : 20-703 mg. required 0-60 c.c. 0-1IN-NaOH. One equiv. 
requires 0-53 c.c.). The monoxime, prepared as above, crystallised from dilute methyl alcohol 
and had m. p. 250° (Found: N, 3-5. C,3H3;,;0,N requires N, 3-5%). The monosemicarbazone, 
prepared in the cold, formed granular aggregates of plates, m. p. 260° (Found: C,64-8; H, 
8-2; N, 9-4. C,,H;,,0;N, requires C, 64-7; H, 7-9; N, 9-4%). 

Anhydrodigoxigenone.—Anhydrodigoxigenin (J., 1930, 2479) (0-5 g.), dissolved in 80% acetic 
acid (12-5 c.c.), was treated with Kiliani’s chromic acid solution (2-5 c.c.) at 15°, the mixture 
being diluted with water after 4 hour. The precipitate obtained crystallised from alcohol in 
needles, m. p. 260°, [«]2%;, + 87-9° (c in chloroform, 0-65) (Found: C, 74-9; H, 7-7. C,,H,,0, 
requires C, 74-9; H, 7-7%. Lactone titration: 12-121 mg. required 0-40 c.c. 0-1N-NaOH. 
One equiv. requires 0-33 c.c.). The dioxime, prepared as above, separated on the addition of 
water to the concentrated solution in needles, m. p. 270° (decomp.) after recrystallisation from 
dilute methyl alcohol (Found: N, 6-9. C,3;H390,N, requires N, 7-0%). The semicarbazone, 
prepared by boiling with the above reaction mixture for 1 hour, was obtained in amorphous 
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granules, decomp. ca. 260°, which appeared to consist of a mixture of the mono- and the 
di-semicarbazone (Found: N, 14:3. C,,H3;,0,N; requires N, 9:9%. C,,;H3,0,N, requires 
N, 17-4%). 

Methyl isoDigoxigeninate.—The acid (J., 1930, 2481), suspended in acetone, dissolved on 
treatment with ethereal diazomethane and the methyl ester soon separated in brilliant prisms, 
m. p. 145°, [«]2%3, + 17-8° (c in methyl alcohol, 0-59), fairly soluble in methyl alcohol, somewhat 
sparingly soluble in ethyl alcohol, acetone, chloroform, and ethyl acetate (Found: C, 67-9; 
H, 9-2; OMe, 7-4. C,,H;,0, requires C, 68-2; H, 9-1; OMe, 7-3%). It crystallised slowly 
from methyl alcohol in needles, m. p. 156° (Found: C, 66-6; H, 9-3; OMe, 12-9. 
C,,H;,0,,MeOH requires C, 66-0; H, 9-3; 20Me, 13-7%), apparently of an acetal; no change 
in methoxyl content occurred on drying at 100° in a vacuum. 

Methyl isoDigoxigenonate.—Methy] isodigoxigeninate (0-2 g.), dissolved in acetic acid (4 c.c.) 
and water (1 c.c.), was treated with 1 c.c. of Kiliani’s chromic acid reagent at laboratory temper- 
ature and after 5 minutes water was added until crystallisation began. The ester (0-15 g.) 
crystallised from dilute methyl alcohol in thin broad plates, m. p. 248°, [«]3f, + 37-3°. (c in 
methyl alcohol, 0-5) (Found: C, 69-1; H, 8-0; OMe, 7-2. C,,H;,0, requires C, 68-9; H, 8-2; 
OMe, 7-4%. Lactone titration: 14-00 mg. required 0-68 c.c.0-1N-NaOH. Two equivs. require 
0-65 c.c.). 

isoDigoxigenic Acid.—isoDigoxigenin (2 g.), aqueous sodium hydroxide (10%, 6 c.c.), and 
alcohol (50 c.c.) were boiled together under reflux for 15 minutes. After removal of the alcohol 
by dilution with water and concentration under diminished pressure to 60 c.c., the solution was 
treated with 20 c.c. of sodium hypobromite solution (prepared from bromine, 1 c.c., and N- 
sodium hydroxide, 50 c.c., at 0°). The mixture was kept for 1 hour at laboratory temperature 
and then acidified with acetic acid. isoDigoxigenic acid crystallised slowly in prisms or thin 
hexagonal plates, m. p. 235° (frothing), soluble in acetone and alcohol, less soluble in chloroform ; 
[x}3%e. — 36-5° (c in pyridine, 1-03) [Found: C, 67-9; H, 8-5. C,;H;,O, requires C, 67-9; 
H, 8-4%. Lactone titration: 13-08 mg. required 0-50c.c. 0-1N-NaOH. Two equivs. require 
0-64 c.c. Carboxyl titration: 5-099 mg. required 1-28 c.c. 0-01N-Ba(OH),. One carboxyl 
group requires 1-26 c.c.]. 

isoDigoxigenic acid formed a sparingly soluble pyridine salt, which crystallised in prisms, 
m. p. 260° (Found for material dried at 100° in a vacuum: C, 69-2; H, 8-2; N, 3-0. 
C,,H3,0,N requires C, 69-2; H, 8-1; N, 2-9%). It was hydrolysed to the free acid, m. p. 235°, 
by crystallisation from hot dilute alcohol. 

Methyl isodigoxigenate, prepared by the action of diazomethane on the acid suspended in 
acetone, crystallised in fine needles, m. p. 208°, from ethyl acetate; [«]?(;, — 45-6° (c in methyl 
alcohol, 0-60) (Found: C, 68-7; H, 8-7; OMe, 7-2. C,,H;,O, requires C, 68-5; H, 8-6; OMe, 
74%. Lactone titration: 17-50 mg. required 0-80 c.c. 0-IN-NaOH. Two equivs. require 
0-84 c.c.). 

isoDigoxigonic Acid.—isoDigoxigenic acid (0-15 g.), dissolved in 5 c.c. of 80% acetic acid, was 
treated with Kiliani’s chromic acid solution at laboratory temperature. After 20 minutes, 
the solution was diluted with water. The acid separated in needles, m. p. 260° after recrystal- 
lisation from dilute methyl alcohol; [«]?{;, + 56-6° (c in acetone, 1-12) (Found: C, 68-6; H, 
7°5. Cy3H39O, requires C, 68-6; H, 7-5%). 

Methyl isodigoxigonate, prepared by the action of diazomethane on a solution of the acid in 
acetone or by chromic acid oxidation of methy] isodigoxigenate, crystallised from methyl alcohol 
in needles or plates, m. p. 253°, [«]?{;, + 48-0° (c in acetone, 0-5), rather sparingly soluble in 
methyl and ethyl alcohol, more soluble in acetone, ethyl acetate, and benzene, readily soluble 
in chloroform (Found: C, 69-2; H, 7-7; OMe, 8-0. C,,H 3,0, requires C, 69-2; H, 7-7; OMe, 
75%). 

Conversion of Digoxigenone into Anhydvodigoxigenone.—Digoxigenone (0-5 g.) was dissolved 
in concentrated hydrochloric acid (3 c.c.) by gentle heating. After a few minutes crystals separ- 
ated (0-35 g.), identical in m. p. and rotation with the anhydrodigoxigenone formed by the 
oxidation of anhydrodigoxigenin, m. p. 182° (Found: C, 74:7; H, 7-6. Calc. for C,,H,,Q, : 
C, 74-9; H, 7-7%). 

Conversion of Digoxigenone into isoDigoxigenone.—Digoxigenone (0-5 g.) was dissolved in a 
mixture of 10% methyl-alcoholic potassium hydroxide (3-75 c.c.) and water (1-25 c.c.) with the 
aid of heat. The solution was kept for } hour, diluted with water, warmed, made acid to Congo- 
paper with hydrochloric acid, and kept for } hour; lactonisation was then nearly complete. 
The product was sparingly soluble in the common organic solvents and after crystallisation from 
chloroform melted at 335° (decomp.) (Found : C, 71-3; H, 7-8%). Them. p. was not lowered by 
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admixture with isodigoxigenone prepared by the oxidation of isodigoxigenin. The identity 
with isodigoxigenone was confirmed by the preparation of the oxime, m. p. 305°. 


The micro-analyses were carried out by Mr. A. Bennett and Mr. H. C. Clarke, to whom I 
wish to express my thanks. 


WELLCOME CHEMICAL WoRKS, DARTFORD. [Received, August 2nd, 1935.] 





316. <A Rearrangement of 0-Aminodiphenyl Ethers. Part III. 
2-Acylamidodiphenyl Ethers. 


By KENNETH C. ROBERTS and CHARLES G. M. DE WorMs. 


THE novel intramolecular change (J., 1934, 727) whereby some 2-acylamidodipheny] ethers 
(I, R = Me) yield 2-acyloxydiphenylamines (II, R = Me) has been further investigated 
for a range of substituents (R = H, Me, I, Br, Cl; Ac = acetyl, benzoyl, m-nitrobenzoyl, 


O-C,H,(NO,)» 
() nC eens ils nC Ric, H,(NO,), 2” 


o-nitrobenzoyl, picryl). In general the results (cf. Table) bear out the conclusions already 
drawn (loc. cit., p. 727), (a) that the acyl po ett em rearrangement more slowly 
than do the parent ethers, and (d) that the rate of change falls off with increasing strength 
of the acid corresponding to acyl. 


Rates of Rearrangement (mins.) of 2-Acylamidodiphenyl Ethers. 


= Me. a I. Br. Cl. 
2-Substituent. 

PMID ccsccvsesccesoccrsesesecossecesss 7 5 15 30 60 
AcCetaMIdO ....cccccccccrccccccrccece In all cases rearrangement took many hours 
BIGRERIBIGD. «2.0.000ccccscsccsccccccees a —— _- 45 —_ 
m-Nitrobenzamido ............s0000+ “= —- — (120) 75 
o-Nitrobenzamido .............s000+ Rearrangement immeasurably slow No rearr. 
PRERMBED dn cciciciccscccccecccsceses -— No rearr. — _ _ 


The observations recorded in the Table were made with solutions under the same con- 
ditions as those (this vol., p. 198) used in measuring the rate of rearrangement of the 
parent ethers, relevant results for which are quoted. The figure in parenthesis is unreliable 
owing to separation of the very sparingly soluble product of rearrangement. In the limited 
number of cases observed, the benzoyl and m-nitrobenzoy]l derivatives underwent rearrange- 
ment more rapidly than did the corresponding derivatives of the relatively weak acetic 
acid. An anomaly of this type has been reported by Jones (J., 1934, 210) in connection 
with the influence of acyl on the reactivity of amines. The derivatives of the relatively 
strong o-nitrobenzoic and picric acids, as anticipated, underwent rearrangement only 
very slowly or not at all (cf. Evans and Smiles, this vol., p. 184). 

The results now recorded may be explained in terms of the mechanism of the change 
suggested in Part II (this vol., p. 197). The effect of acyl will be to reduce the availability 
of the unshared electrons of nitrogen and so to diminish the possibility of formation of 
the N —-> C, link which is postulated as a stage in the change. In the extreme cases of 
the o-nitrobenzoyl derivative of the chloro-ether and of the picryl derivative of the unsub- 
stituted ether (I, R = H), the effects of the substituents are sufficient to inhibit completely 
the formation of the link, even under much more searching conditions than those used in 
compiling the above Table. It is suggested that the unusual migration of acyl rather than 
of proton (cf. Evans and Smiles, this vol., p. 182) is in some way due to the action of the 
negative centre (oxygen, nitrogen) present in the catalysing solvents, typical of which are 
pyridine, aniline, water, alcohols, and in some cases acetic acid. 

The above cases of complete inhibition of the rearrangement suggested that a direct 
reversal of the change, viz., a rearrangement of a diphenylamine to a diphenyl ether, might 
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be met with in presence of suitable substituents. Though this has not been observed, all 
the 2-acyloxydiphenylamines prepared being stable under a great variety of conditions, 
the o-nitrobenzoylation of the 5-halogeno-2- -hydroxydiphenylamines (V) presents a feature 
of considerable interest. When this reaction is carried out in cold acetone with one mol. of 
the acid chloride, the expected O-acyl derivatives (VI) are obtained, but in warm acetone 
with an excess of the reagent the product is in all three cases the acylamido-derivative 
(IV) of the isomeric diphenyl ether. Hydrolysis of the acylamidodiphenyl ethers is ac- 
companied, as in other cases, by rearrangement of the product to the isomeric hydroxy- 
diphenylamines. 


O-CgH3(NOq)2 o-NO,C.HyCOCl Csi <- 
wie ral it ere > wal (Iv.) 





Py (not when Hal = Cl) 





NH-C,H,(NO,), > ual NH-C,H,(NO,), 


in cold soln. 


(V.) me: 1 mol. o-NOyC,Hy-COCI C82 H, NO, (VI) 


Attempts to obtain o-nitrobenzoyl derivatives of the 5-carboxydiphenyl ether and the 
isomeric diphenylamine (I and II, R = CO,H) were unsuccessful. Also, no p-toluene- 
sulphonate of the 4-chloro-ether could be obtained. The behaviour of the 5-methyl and 
unsubstituted diphenylamines (VIII) with o-nitrobenzoyl chloride was normal. When 
this acylation of the isomeric ethers (VII) was carried out in acetone, the products were 
either the 2-acylamido-derivatives (IX) of the ethers or the 2-acyloxy-derivatives (X) of 
the corresponding diphenylamines according to the conditions used. 


, O*C,H3(NOg) 1 mol. o-NO,C,H,COCI (NO) 
(VIE) CH, wo ils ae > (H, Me Risk “COC, rf? ‘No, °*? 


O-N, 
ee Se 
Ps 
\ 


(VIII.) (oH o-NOyC,H,-COCI O-CO-CsHyNO, (x) 
(H, Me). NH-C,H,(NO,)s —> (H, Me) /JNH:C,H;(NO,). ‘~ 


Picrylation of 2’ : 4’-dinitro-2-hydroxydiphenylamine yielded the unstable derivative 
(XI), which was converted in aqueous pyridine into the scarlet phenoxazine (XII). 2:4 
Dinitrophenylation of 2-hydroxyphenylpicrylamine yielded either the derivative (XIII) 
or the magenta oxazine (XIV) isomeric with (XII) according to the conditions used. 
Phenoxazine formation from (XIII) in aqueous pyridine is preceded by hydrolysis, yielding 
1 : 3-dinitrophenoxazine, described by Turpin (J., 1891, 59, 723). 


CoHs(NO,)s 


ine eo: Ce sHNO9)| ew he bas (XII) 


bay 


: Sa 
NHPic 
O 
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EXPERIMENTAL. 


2’ : 4’-Dinitro-2-hydroxydiphenylamine yielded an o-nitrobenzoate by usual methods. It 
formed golden-yellow plates from glacial acetic acid, m. p. 151° (Found: N, 13-0. C,gH,,O,N, 
requires N, 13-2%). The picrate (XI) resulted when the diphenylamine in alcohol was treated 
at room temperature with picryl chloride in presence of either sodium acetate or sodium 
ethoxide. It was purified from benzene as an unstable, deep yellow substance (decomp. 140— 
145°), which gave indeterminate results on analysis, but in contact with warm aqueous pyridine 
yielded a scarlet phenoxazine (XII), decomp. 305—310° (Found: C, 49-4; H, 2-1; N, 15-6. 
C,,H,O,N, requires C, 49-2; H, 2-0; N, 15-9%). 

2’ : 4’-Dinitro-2-aminodiphenyl ether (3 g.) in 50% aqueous acetic acid (10 c.c.), shaken in 
the cold with a slight excess of acetic anhydride, yielded an acetyl derivative, colourless needles 
from benzene, m. p. 146° (Found: N, 13-3. C,,H,,O,N; requires N, 13-2%). The substance 
underwent rearrangement to the O-acetate of the corresponding diphenylamine in hot alcohol, 
pyridine, or water. The o-nitrobenzoyl derivative, obtained by use of o-nitrobenzoyl chloride 
(1 mol.) in acetone in presence of anhydrous sodium carbonate, formed white plates from benzene, 
m. p. 232° (Found: N, 13-2. C,,H,,O,N, requires N, 13-2%). It was rearranged slowly in 
pyridine. Use of an excess of the acid chloride in this acylation resulted in the formation of 
the o-nitrobenzoate of the isomeric diphenylamine. Picrylation appeared to be preceded by 
rearrangement of the ether in the solvent alcohol, since it yielded only the isomeric derivative 
(XI). The picryl derivative (XIII) was obtained by treatment of 2-hydroxyphenylpicrylamine 
with chlorodinitrobenzene in alcohol in presence of anhydrous sodium acetate at room tempera- 
ture: yellow prisms from benzene which darkened at 225° and decomposed at 245—250° (Found : 
C, 44-8; H, 2-0. C,.,H,)0,,N, requires C, 44-4; H, 20%). The above reactants in alcohol 
in presence of sodium ethoxide (1 mol.) at room temperature yielded 2-nitro-N-picrylphenox- 
azine (XIV), deep magenta prisms from benzene, m. p. 225—230° (Found: N, 15-9. 
C,3;H,O,N, requires N, 15-9%). Treatment of (XIII) with aqueous pyridine on the water- 
bath yielded 1 : 3-dinitrophenoxazine by hydrolysis and ring closure (Found: C, 52-6; H, 2-6. 
Calc. for C,,H,O;N,: C, 52-7; H, 2-5%). 

5-Iodo-2’ : 4’-dinitro-2-hydroxydiphenylamine yielded with acetic anhydride and a few 
drops of pyridine an acetate, which crystallised from alcohol or acetic acid in yellow needles, 
m. p. 200° (Found: N, 9-8. C,,H,O,N;I requires N, 9-5%). The o-nttrobenzoate, prepared 
in the usual manner in acetone in presence of anhydrous sodium carbonate, crystallised from 
glacial acetic acid in golden-yellow prisms, m. p. 174° (Found: N, 10-2. C,,H,,0O,N,I requires 
N, 101%). Treatment of the iododiphenylamine in warm acetone with an excess of o-nitro- 
benzoyl chloride yielded the o-nitrobenzoate of the isomeric iodoaminodipheny] ether (cf. below). 
The o-nitrobenzoate of the diphenylamine was itself, however, stable. 

4-Iodo-2’ : 4’-dinitro-2-aminodiphenyl ether (2 g.) in 50% aqueous acetic acid (10 c.c.), 
shaken in the cold with aqueous acetic anhydride (2 c.c.), yielded an acetyl derivative, white 
needles from benzene, m. p. 163° (Found: N, 9-8. C,,H,,O,N;I requires N, 9-5%). The 
substance was readily rearranged in pyridine, ethyl alcohol, or water to the isomeric O-acetyl- 
diphenylamine. Hydrolysis of the substance with aqueous alkali was accompanied by rearrange- 
ment to the diphenylamine. The o-nitrobenzoate, obtained by usual methods, formed white 
plates, m. p. 194°, from benzene or acetic acid. It was insoluble in alcohol and was rearranged 
only slowly in hot pyridine (Found: N, 10-0. C,,H,,O,N,I requires N, 10-1%). It was also 
obtained (cf. above) by acylation of the corresponding iodohydroxydiphenylamine under suitable 
conditions. 

5-Bromo-2’ : 4’-dinitro-2-hydroxydiphenylamine.—The acetate, formed in acetic anhydride 
in presence of a few drops of pyridine, formed small, bright yellow needles from alcohol or glacial 
acetic acid, m. p. 205° (Found: N, 10-9. C,,H,O,N,Br requires N, 10-6%). The benzoate 
(yellow matted needles from alcohol) melted at 172° (Found: N, 9-2. C,,H,,O,N,Br requires 
N, 9-1%). The m-nitrobenzoate (yellow flocculent needles from alcohol) melted at 183° (Found : 
N, 11-2. C,gH,,O,N,Br requires N, 11-1%). The o-nitrobenzoate was obtained when the bromo- 
diphenylamine (3-5 g.) in acetone (20 c.c.) was shaken at room temperature with o-nitrobenzoyl 
chloride (1 mol.) in presence of anhydrous sodium carbonate. It formed small yellow matted 
needles from alcohol, m. p. 202° (Found: N, 11-1. C,sH,,O,N,Br requires N, 11-1%). On 
treating the diphenylamine in warm acetone with an excess of o-nitrobenzoyl chloride, the white 
0-nitrobenzoyl derivative of the isomeric diphenyl ether (cf. below) was obtained. The o-nitro- 
benzoate of the diphenylamine, however, did not undergo isomeric change under any of the 
conditions tried. The p-toluenesulphonate, formed by shaking the diphenylamine (2 g.) with 














1312 A Rearrangement of 0-Aminodtphenyl Ethers. Part IV. 


aqueous alkali (10 c.c.), alcohol (10 c.c.), and p-toluenesulphony] chloride (1-25 mols.), crystallised 
from alcohol in yellow hair-like needles, m. p. 211° (Found: N, 8-4. C,gH,,0,N;BrS requires 
N, 82%). 
4-Bromo-2’ : 4’-dinitro-2-aminodiphenyl Ether.—The acetyl derivative formed colourless 
needles from benzene, m. p. 171° (Found: N, 10-4. C,,H,,O,N,Br requires N, 10-6%). The 
substance was readily rearranged in the usual solvents. The benzoyl derivative was obtained 
as white needles from benzene, m. p. 176° (Found: N, 8-8. C,,H,,0,N,Br requires N, 9-1%). 
Rearrangement took place in pyridine and in alcohol, but not in acetic acid or in water. Hydro- 
lysis of both the above derivatives with aqueous alkali was accompanied by rearrangement to 
the isomeric hydroxydiphenylamine. The m-nitrobenzoyl derivative formed pale yellow needles 
from benzene, m. p. 189° (Found: N, 11-3. C,,H,,O,N,Br requires N, 11-1%). Rearrange- 
ment was of the normal type. The bromodiphenyl ether (2 g.) in acetone (20 c.c.), treated in 
the cold with o-nitrobenzoyl chloride (1 g.) and anhydrous sodium carbonate (1 g.), yielded the 
o-nitrobenzoyl derivative, which formed small white plates, m. p. 178°, from benzene (Found : 
N, 11-0. C,,H,,O,N,Br requires N, 11-1%). The substance was also obtained as described 
above by acylation of the isomeric bromodiphenylamine under suitable conditions. It was very 
sparingly soluble in alcohol, but underwent rearrangement slowly in hot pyridine. Attempts 
to prepare a p-toluenesulphonate of the bromodiphenyl ether were unsuccessful. 
5-Chloro-2’ : 4’-dinitro-2-hydroxydiphenylamine.—The acetate (from acetic anhydride in 
presence of pyridine) was obtained in long yellow matted needles, m. p. 207° (Found: N, 11-9. 
C,4H,,0O,N,Cl requires N, 119%). The m-nitrobenzoate (formed with m-nitrobenzoyl] chloride 
in warm acetone in presence of anhydrous sodium carbonate) crystallised from alcohol or glacial 
acetic acid in small yellow needles, m. p. 184° (Found: N, 12-4. C,,H,,O,N,Cl requires N, 
12-2%). The diphenylamine (2 g.) in acetone (10 c.c.), shaken with o-nitrobenzoyl chloride 
(1 mol.) and anhydrous sodium carbonate at room temperature, yielded the o-niirobenzoate. 
The yellow substance purified from glacial acetic acid or benzene melted at 196° (Found: N, 
12-2. C,,H,,O,N,Cl requires N, 12:2%). On treatment of the hydroxydiphenylamine in 
boiling acetone with excess of o-nitrobenzoyl chloride (2 mols.), the o-nitrobenzoyl derivative 
of the isomeric chlorodiphenyl ether (cf. below) was obtained. The o-nitrobenzoate of the 
diphenylamine was, however, not observed to undergo rearrangement. 
4-Chloro-2’ : 4’-dinitro-2-aminodiphenyl Ether.—The acetyl derivative [from the parent ether 
(2 g.) with 50% aqueous acetic acid (20 c.c.) and acetic anhydride (2 c.c.) at room temperature] 
formed white needles from benzene, m. p. 160° (Found: N, 12-1. C,,H,,O,N,Cl requires N, 
11-9%). The normal rearrangement took place in hot pyridine and in hot aqueous alcohol, but 
not in acetic acid. The m-mnitrobenzoyl derivative, formed in acetone solution in presence of 
anhydrous sodium carbonate, was recrystallised from benzene and obtained in pale yellow needles, 
m. p. 197° (Found: N, 12-0. C,9H,,O,N,Cl requires N, 12-2%). Rearrangement took place 
readily in hot pyridine or in hot alcohol, and slowly in aqueous acetic acid. The o-nitrobenzoyl 
derivative, prepared from the amino-ether (2 g.) in acetone (20 c.c.) on treatment at the boiling 
point with o-nitrobenzoyl chloride (1-25 mols.) and anhydrous sodium carbonate (3 g.), formed 
small white prisms, m. p. 200°, from benzene (Found: N, 12-0. C,,H,,0O,N,Cl requires N, 
12-2%). The substance was also obtained as described above by acylation of the isomeric 
chlorodiphenylamine under suitable conditions. Treatment of the substance with aqueous 
pyridine in a sealed tube at 150° for 1 hour effected hydrolysis and rearrangement to the corre- 
sponding chlorohydroxydiphenylamine. Hot aqueous alkali had the same effect. 
Attempts to prepare o-nitrobenzoyl derivatives of 2’: 4’-dinitro-2-hydroxy-5-carboxy- 
diphenylamine and the isomeric 2-amino-4-carboxydiphenyl ether or of their dinitrophenyl 
esters were unsuccessful. 


Kinc’s CoLLeGE, LONDON. [Received, April 4th, 1935.] 
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N-Alphylphenoxazines. 
By KENNETH C, ROBERTS and (Miss) HILDA B. CLARK. 


IN continuation of the study of the rearrangement of 2-aminodipheny] ethers to the isomeric 
2-hydroxydiphenylamines (J., 1934, 727; this vol., p. 196; preceding paper), 2’: 4’- 
dinitro-2-methylaminodiphenyl ether (I) has now been investigated. 
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Conditions designed to favour rearrangement of this substance to the isomeride (II) 
yield only a ngpagevyg (III) identical with that obtained from a synthetic specimen of 


NO, 


NO, NO, 
fen Oia OL = OO 


(III.) 


(II). It aii ‘ani be inferred that be sain rearrangement occurs only under 
conditions which preclude direct observation of it. 

In (II), chelation between the bridge radical and the adjacent nitro-group is impossible. 
The facile formation (cf. Kehrmann, Ber., 1920, 53, 2266) of the phenoxazine (III) from (II) 
thus affords interesting confirmation of the theory of Brady (J., 1930, 1218) that the non- 
formation of oxazines from certain 2’-nitro-2-hydroxydiphenylamines is due to chelation 
between the imino- and the nitro-group. 

Similar behaviour was observed with the O-dinitrophenyl derivative of 2’ : 4’-dinitro- 
2-hydroxydiphenylamine, which yielded a nitro-N-dinitrophenylphenoxazine. 


EXPERIMENTAL. 


N-Methyl-p-toluenesulphon-o-anisidide, obtained by treatment of -toluenesulphon-o- 
anisidide under usual conditions, formed colourless needles, m. p. 100°, from alcohol (Found : 
C, 62-1; H, 5-8. C,;H,,O,NS requires C, 61-8; H, 58%). It was hydrolysed to o-methyl- 
aminophenol by heating with fuming hydrochloric acid in a sealed tube at 170° for 5 hours. 

2’ : 4’-Dinitro-2-methylaminodiphenyl Ether (I)—When o-methylaminophenol and chloro- 
dinitrobenzene (1 mol. each) in alcohol were treated at room temperature for several hours 
with sodium ethoxide (1 mol.), the ether (I) separated. It formed yellow crystals from benzene, 
m. p. 182° (Found: C, 53-6; H, 3-7. C,,;H,,0O;N, requires C, 53-9; H, 38%). The substance 
was stable towards alkali and towards aqueous pyridine, but in a mixture of these solvents, or 
in aqueous-alcoholic caustic soda, it was slowly converted at 100° into 3-nitro-6-methvlphenox- 
azine (III), which separated during several hours as a red solid. It formed bright red needles 
from glacial acetic acid, m. p. 182—183° (Found: C, 64-0. C,,;H,0,N, requires C, 64-4%). Low 
results were obtained unless the substance was burnt intimately mixed with fine copper oxide. 

2’ : 4’-Dinitro-2-hydroxy-N-methyldiphenylamine (II) was isolated from the alcoholic mother- 
liquor obtained in the preparation of (I). It formed orange plates, m. p. 160°, from alcohol 
(Found: C, 53-8; H, 4:1. C,,;H,,0,;N, requires C, 53-9; H, 38%). Warm alkaline solutions 
of the substance in water or in alcohol rapidly deposited a phenoxazine (III) identical with that 
described above. 

ON-Bis-2 : 4-dinitrophenyl-o-aminophenol.—2’ : 4’-Dinitro-2-hydroxydiphenylamine, chloro- 
dinitrobenzene, and sodium ethoxide (0-01 mol. each) in alcohol (100 c.c.) were kept for 48 hours 
at room temperature. The solid which separated crystallised from benzene and ligroin in deep 
yellow prisms, m. p. 176° (Found: C, 49-2; H, 2-5. C,,H,,O,N, requires C, 48-9; H, 2-4%). 
It was insoluble in alcohol and remained unchanged in hot aqueous pyridine, but caustic soda 
in aqueous pyridine converted it into 3( ?)-nitro-6-dinitrophenylphenoxazine, a deep red sub- 
stance which, purified from benzene and ligroin, melted at 230—233° (decomp.). It was un- 
affected by boiling alkali (Found: C, 54-9; H, 2-5. C,,H,,O;N, requires C, 54-8; H, 2-5%). 
2’ : 4’-Dinitro-2-aminodiphenyl ether would not condense with chlorodinitrobenzene under 
conditions which precluded the rearrangement of the ether. 


KING’s COLLEGE, LONDON. (Received, April 4th, 1935.] 
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The Ultra-violet Absorption of Ketones. 


By T. M. Lowry and R. E. LisHmunp. 


THE mathematical form of the absorption band of an optically active ketone is important 
because it may be related in a very simple way to the form of the curve of circular dichroism, 
which in turn determines the partial rotation contributed by the ketonic group. The 





Lowry and Lishmund: The Rotatory 


present paper therefore contains an account of experiments made in order to determine how 
far the form of the absorption band of a ketone can be expressed by the various equations 
that have been proposed for this purpose. Confirmation has thus been obtained of the 
curious observation (Lowry and Hudson, Phil. Trans., 1933, A, 232, 117; Hudson, Wolfrom, 
and Lowry, J., 1933, 1179) that the absorption curves of organic compounds are often 
steeper on the side of longer wave-lengths, but not on the side of shorter wave-lengths, and 
that as a limiting case the curves are often symmetrical on a scale of wave-lengths, but never 
on a scale of frequencies. Observations are also recorded on the strength, /, of the absorption 
bands of the different ketones, on the influence of chlorine and hydroxyl radicals on the 
position and strength of the ketonic band, and on the effects produced by cooling to the 
temperature of liquid air. 

Form of the Absorption Bands.—In order to provide data for mathematical analysis, 
measurements were made (with a Hilger Spekker-photometer) of the ultra-violet absorption 
bands of a number of ketones, many of which were provided by the Chemical Department 
of the University of St. Andrews. The formule of the principal compounds are set out 
below : 


HH; HL. ABs 


C : 
H,C“ \co H.C” \co 
wa se te Ju 

H” \c,H,f C,H? 


(I.) Carvomenthone. (II.) Carvenone. ~(III.) Menthone. 
CH, H. CH, 
a¢/\cH : a 
7 4\ 
H,C. CO H,C“ \CH-OH 
-— HC 40 


H’ \cH < 
H’ \c,H,f 


(IV.) Piperitone. (V.) Dihydrodiosphenol. (VI.) Diosphenol. 


Absorption bands which were approximately symmetrical on a scale of wave-lengths 
were given by (i) the simple alicyclic ketones, namely, cyclohexanone, menthone, and carvo- 
menthone; (ii) ketones possessing one alcoholic hydroxyl group, namely, 4-hydroxypen- 
tan-2-one and dihydrodiosphenol ; (iii) the enolic diketones, acetylacetone and diosphenol. 
On the other hand, bands which were steeper on the side of longer wave-lengths were 
given by (i) the simple aliphatic ketones and their chlorine derivatives; (ii) camphor ; 
(iii) piperitone, and probably the isomeric carvenone. 

The former were represented by the equation (ii) below of Lowry and Hudson (/oc. cit.), 
and the latter by Hudson’s general equation (iii) (Thesis, Cambridge, 1933, 162); but, 
since there is no theoretical reason for their exclusion, fractional values were used for the 
constant » in the latter equation. 

There seems to be no fixed rule connecting the lack of symmetry with molecular struc- 
ture, but it is noticeable that the introduction of an alcoholic hydroxyl group renders the 
band more symmetrical. The constants of the symmetrical and the unsymmetrical bands 
are summarised in Tables I and II respectively. Agreement between experimental and 
theoretical curves is almost perfect for cyclohexanone in cyclohexane; this band is remark- 
able for its large half-width, and the f-value is correspondingly high, as compared with other 
bands of similar intensity. In several cases, however, the experimental curve is expanded 
at the base and pinched at the top as compared with the calculated curve. This effect is 
specially prominent in 4-hydroxypentan-2-one. Since it cannot be attributed to experi- 
mental error, we are obliged to conclude, either that equation (i) is only an approximation 
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to the true form of the symmetrical curves, or that these absorption bands are composite, 
with a narrow and a wide component of similar wave-length superposed on each other. A 
similar expansion and pinching was observed at the base and top of the unsymmetrical 
bands, which otherwise showed an equally close agreement between the experimental 
and the calculated curves. 

Strength of the Absorption Bands.—Born (“ Optik,’ 1933, p. 487) has shown that the 
strength f of an absorption band is given by : 

n'me 1 ste , 

f = ‘_ ° N s udy ° ° ° ° e e (i) 
where m and e are the mass and charge of the electron, c the velocity of light, and N the 
number of molecules in unit volume, y is the absorption coefficient given by I/I, = e at 
frequency v, and m’ is the index of refraction of the solution at the frequency of maximum 
absorption. In order to calculate the strength of an absorption band, therefore, it is 
necessary to express the absorption curve by an equation which can be integrated. The 
equation (ii) of Lowry and Hudson, 


A—4\2 
© = Gar AF ) ce ee ene ee 
where 6 is obtained from the half-width 4’ of the band by the relation 4’ = 1-66516, and 
Hudson’s general equation (iii), 
Ag\n (A—A,\2 aia 
© St Ge (3) CF) o ew “eo wo 


where m is an integer, 1, 2,3... . , lead to the equations (iv) for the strength of a 
symmetrical band, and (v) for an unsymmetrical band to about 2% as follows : 


f ae” [1+ 054(5) | . big « 47h ot, 





Values deduced from these equations are set out in Tables I and II. 


TABLE I. 
Symmetrical Bands. 


Substance. Solvent. Amax. (A.). 
cycloHexanone cycloHexane 2833 
Menthone m 2920 

2 Alcohol 2867 
Carvomenthone cycloHexane 2886 
* Alcohol : 2841 
4-Hydroxypentan-2-one me 2706 
Dihydrodiosphenol sa 2745 
Acetaldehyde cycloHexane 2903 
Acetylacetone Alcohol 2730 
Diosphenol 2725 
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TABLE II. 
Unsymmetrical Bands. 


Substance. Solvent. max. (A.). os W (A.). 
Acetone cycloHexane 2775 13-0 527 
Methyl] ethyl ketone - 2785 15°4 475 

o a Alcohol 2720 17°9 454 
Diethyl ketone cycloHexane 2799 18°3 488 
Monochloroacetone e 2919 31:0 561 
sym.-Dichloroacetocne - 2994 40°6 491 
Camphor Alcohol 2883 29°9 416 
Piperitone i 3191 48°8 551 
Carvenone a 3119 49°0 575 
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Influence of Chlorine and Hydroxyl Radicals.—It is interesting to compare the effects 
produced on the carbonyl band by the introduction into the molecule of chlorine atoms and 


Fic. 1. 


Acetone in cycloHexane. 


Methyl Ethyl Ketone. 


Fic. 2. 
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hydroxyl groups. Herold (Z. physikal. Chem., 1932, B, 18, 265) found a displacement of 
the band towards the visible region in both cases, and assumed that this was due to the in- 
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fluence of the dipole moment between the substituent and the carbon atom to which it was 
attached, rendering the carbon atom more positive. His data for the chloroacetones are 
confirmed by the measurements recorded in Table II; but opposite effects are shown by 
the hydroxy-ketones in Table III. Thus, on comparing the carbonyl bands of 4-hydroxy- 
pentan-2-one, CH,*CO-CH,°CH(OH)-CH;, and dihydrodiosphenol with those of methyl 
propyl ketone and menthone respectively, it is evident that the displacement caused by the 
introduction of the hydroxyl group is towards the extreme ultra-violet region. Measurements 
were also made of the absorption of deoxybenzoin, CgH,*CH,°CO-C,H;, and benzoin, 
CsH;-CH(OH)-CO-C,H,;. The long wave-length band may be ascribed to the carbonyl 
group and the displacement from 3256 to 3160 A. is again towards the extreme ultra-violet. 
A displacement in the same direction has also been recorded by Lowry and Baldwin (this 
vol. p. 704), who have recently shown that the absorption band of acetoin in cyclohexane 
has a maximum at 2726 A., whilst the corresponding maximum in methyl ethyl ketone is at 
2785 A., in direct opposition to the effect recorded by Herold in hydroxyacetone. 

The introduction of a chlorine atom or hydroxyl group also increases the intensity of 
maximum absorption. In dihydrodiosphenol the exaltation factor is five and in 4-hydroxy- 
pentan-2-one it is ezght. 


TABLE III. 
Absorption of Hydroxy-ketones. 

Substance. Solvent. a } ee SAuaz. (A.). 
Methyl ethyl ketone cycloHexane 15°42 2785 } — 59 
Acetoin * a 13°67 2726 
Methyl propyl ketone f Alcohol 21:2 2770 } a 
4-Hydroxypentan-2-one ~ 171 2706 
Deoxybenzoin cycloHexane 129 3256 } — 95 
Benzoin ‘ie 250 3160 
Menthone Alcohol 24°6 2867 — 122 
Dihydrodiosphenol = 128 2745 } 

* Lowry and Baldwin, this vol., p. 704. t+ Rice, J. Amer. Chem. Soc., 1920, 42, 727. 


Absorption at the Temperature of Liquid Air.—Pringsheim (Phystkal. Z., 1926, 27, 856) 
and Croup (Physical Rev., 1934, 40, 345) have shown that at low temperatures the absorp- 
tion bands of benzene and other aromatic compounds are sharpened, with the development 
of a vibrational fine structure, as given by the vapour at the ordinary temperature. 
Similarly, Arnold and Kistiakowsky (J. Amer. Chem. Soc., 1932, 54, 1713) have observed 
that at 80° K the carbonyl band of acetaldehyde splits up into seven components. At such 
low temperatures the motion of the molecules is diminished and the blurring of the vibra- 
tional bands by the Stark effect of their electric fields is minimised. Bowden and Morris, 
however (Proc. Roy. Soc., 1934, B, 115, 274), have pointed out that, when the upper state of 
the electronic transition corresponds to dissociation or ‘‘ predissociation,’”’ no vibrational 
fine structure can appear, however low the temperature. 

During the present research, quantitative measurements of absorption at the temper- 
ature of liquid air were made, apparently for the first time, in the case of a few of the above 
ketones, Henri’s method being used (“‘ Etude de Photochimie,” 1919). Contrary to expect- 
ation, the increase in the intensity of maximum absorption at the temperature of liquid air 
was always small and in two cases a decrease was actually observed. On account of the 
experimental difficulties, however, the value of the intensity of absorption at — 190° can 
only be taken as approximate. No evidence of band-splitting was obtained. The most 
striking result is the displacement of the band-head by about 50 A. towards the extreme 
ultra-violet region, whereas the suppression of the higher vibrational states at — 190° 
would be expected to produce a small displacement towards the visible region. The 
observed displacement in the opposite direction is probably an intensification of the solvent 
shift, which displaces the carbonyl band through about 60 A. towards the extreme ultra- 
violet when the solvent is changed from cyclohexane to alcohol. This is regarded as a 
Stark effect, resulting from the interaction of the dipoles of solvent and solute; the further 
displacement at low temperatures is attributed to a diminution in the vibration of the 
molecules and consequent stabilisation of their electric fields. 
4k 





















































































































































































1. Menthone. 
3. Dihydroxyphenol. 
5. Carvenone. 


2. Carvomenthone. 
4. Piperitone. 
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1. Acetone (ord. temp.). 

2. Acetone (— 190°). 

3. Methyl ethyl ketone (ord. temp.). 
4. Methyl ethyl ketone (— 190°). 
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TABLE IV. 
Absorption of Ketones at the Temperature of Liquid Air. 
Ordinary temperature. Temperature of liquid air. 
Substance. Amax. (A.). eee deen, (Ad. eee 
Acetone 2710 15°4 2655 21:7 
Methyl ethyl ketone 2720 179 2660 20°4 
Menthone 2867 24°6 2820 21-2 
Carvomenthone 2841 22°3 2780 25°0 
Camphor 2883 29°9 2850 27°0 
SUMMARY. 


1. Quantitative measurements of the absorption bands of a series of ketones have shown 
that bands which are symmetrical on a scale of wave-lengths are given by three alicyclic 
ketones, two hydroxy-ketones, and two enolic diketones. Bands which are steeper on the 
side of longer wave-lengths are given by simple aliphatic ketones and their chloro-deriv- 
atives, as well as by camphor and piperitone. Bands symmetrical on a scale of frequencies, 
or steeper on the side of shorter wave-lengths, have not been observed. 

2. The ketonic absorption band is displaced towards the visible region when hydrogen 
is replaced by chlorine, but towards the further ultra-violet when it is replaced by hydroxy]. 

3. Cooling to the temperature of liquid air displaces the head of the band by about 50 A. 
towards the extreme ultra-violet region, but has no great effect on the intensity of the band. 


We are indebted to the Carnegie Trustees for a Studentship (to R. E. L.) during the period in 
which this research was carried out. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, July 18th, 1935.] 
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Condensed Fluorene Derivatives. 


By J. W. Coox, A. Dansr, C. L. HEwett, JoHN IBALL, W. V. MAYNEoRD, 
and (Miss) E. Roe. 


THE pentacyclic aromatic hydrocarbons which are formed by dehydrogenation of sterols 
and bile acids at 340—360° are probably homologues of 2’ : 1’-naphtha-1 : 2-fluorene (I), 
although the parent hydrocarbon may be I’ : 2’-naphtha-2 : 3-fluorene (II). In order to 
determine whether it is possible to distinguish spectroscopically between these two very 
similar ring systems we have now synthesised I’ : 2’-naphtha-2 : 3-fluorene (II), and com- 
pared it with the known 2’: 1’-naphtha-l : 2-fluorene (Cook, Hewett, Mayneord, and Roe, 


J., 1934, 1727). 
a | \ 
Va \/ % 


(I.) AN I (II.) 
AN AMY 


| 
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The results indicate that (I) rather than (II) is the parent hydrocarbon of the sterol and 
bile acid dehydrogenation products. The ultra-violet absorption spectra of (I) and (II) 
have much in common, but there are noteworthy differences in the relative intensities of the 
bands, and it is clear from examination of the spectra of the two naphthafluorenes, of a 
methylisopropyl derivative of (I), and of Diels’s hydrocarbon, “‘ C,;H,,” from cholesterol 
(see Fig., and also Figs. 2 and 3 in the paper by Cook, Hewett, Mayneord, and Roe, 
loc. cit.), that the hydrocarbon from cholesterol shows the absorption properties of (I) 
rather than (II). Moreover, the ketone formed by oxidation of (II) gave a magenta colour 
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with concentrated sulphuric acid, whereas the two synthetic ketones containing the ring 
system of (I), and also the ketone obtained by oxidation of Diels’s hydrocarbon, gave in- 
tense purple permanganate-like colours. 

When this investigation was commenced it appeared likely that the hydrocarbon 
“ Cy,Hyg”” (m. p. 275°) * obtained from cholic acid by Ruzicka and his collaborators 
(Helv. Chim. Acta, 1933, 16, 216; 1934, 17, 200) was the parent hydrocarbon of the group, 
and as it was not identical with (I) this furnished an additional reason for the synthesis of 
(II). The synthetic specimen of (II) proved to be different from the cholic acid hydro- 
carbon. In the meantime, however, accurate molecular-weight determinations carried 
out by Bernal and Crowfoot (this vol., p. 98) seemed to show that the cholic acid hydro- 
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carbon contains 22 rather than 21 carbon atoms in the molecule. Hence we conclude that 
this hydrocarbon is probably a methyl derivative of (I), but we reserve discussion of the 
position of the methyl group or of the mechanism of the dehydrogenation of cholic acid 
until the completion of experiments designed to give more definite information on these 
questions. : 

The type of method used for the synthesis of (I), namely, cyclisation of an arylethyl- 
indene, followed by dehydrogenation, was not well adapted for the production of (II). 
Before attempting an alternative method of cyclisation of a phenanthrylmethylcyclohexene 
it was considered expedient to study a more readily accessible naphthylmethyl compound. 
For this purpose, 6-naphthylmethylmagnesium bromide was condensed with 2-methyl- 


* The spectroscopic data published by Ruzicka show that this hydrocarbon is a prototype of the 
€,, hydrocarbon from cholesterol. 
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cyclohexanone. The chief product was «$-di-2-naphthylethane (compare Mayer and 
Sieglitz, Ber., 1922, 55, 1854); the smaller carbinol fraction was dehydrated, and the 
unsaturated hydrocarbon was treated with aluminium chloride, by which means it was 
anticipated that cyclisation would occur in the following manner : 


a 
0) AV > = bY (IIT.) 
H/ \ 


The saturated hydrocarbon thus formed may have been methylhexahydro-3 : 4-benzfluorene 
(III), but it was completely unaffected by heating with selenium at 320°, so the method was 
unsuitable for the synthesis of 3 : 4-benzfluorene. 

The synthesis of this hydrocarbon was successfully accomplished by cyclisation and 
dehydrogenation of ethyl 2-8-naphthylmethylcyclohexanone-2-carboxylate (IV), formed 
by condensation of $-naphthylmethyl bromide with ethyl potassiocyclohexanone-2-carb- 
oxylate. The structure of the resulting 3 : 4-benzfluorene (V) followed from its oxidation 
to a ketone identical with the known 3 : 4-benzfluorenone (Pfeiffer and Méller, Ber., 1907, 
40, 3839; 1916, 49, 2425; Schaarschmidt, Ber., 1916, 49, 1444). 


(IV.) 


~ 
. AV Ve > aA_&» Wor 
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CO,Et 


The simpler ethyl 2-benzylcyclohexanone-2-carboxylate (Cook and Hewett, future 
communication) could not be cyclised by sulphuric acid of various concentrations; in only 
one experiment was a minute yield of fluorene obtained. We were likewise unable to 
synthesise the phenanthrene ring system from ethyl 2-8-phenylethyleyclohexanone-2- 
carboxylate, although cyclisations readily occur with the analogous compounds containing 
naphthyl or acenaphthy]l radicals in place of phenyl (compare Ruzicka, Ehmann, Goldberg, 
and Hoésli, Helv. Chim. Acta, 1933, 16, 833; Cook, Haslewood, and Robinson, this vol., 
p. 667). 

The synthesis of 3: 4-benzfluorene was extended to I’ : 2’-naphtha-2 : 3-fluorene (II). 
The 3-phenanthrylmethyl bromide required for this purpose was obtained from 3-phen- 
anthroic acid by essentially the method of Mosettig and van de Kamp (J. Amer. Chem. 
Soc., 1933, 55, 2995) with the modification introduced by Bachmann (ibid., 1935, 57, 559). 
A preliminary experiment on the chloromethylation of phenanthrene led to 9-chloromethyl- 
phenanthrene, the orientation of which was shown by oxidation to 9-phenanthroic acid and 
phenanthraquinone. 

3-Phenanthrylmethyl bromide was condensed with ethyl potassiocyclohexanone-2- 
carboxylate, and the resulting hketo-ester (VI) cyclised with boiling 65% sulphuric acid. 
This led to 1’ : 2’-naphtha-2 : 3-fluorene (II), dehydrogenation being completed by heating 
with selenium. 





CO,Et 
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Although there are abundant analogies to justify the assumption af ring closure of (VI) 
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would occur in position 2 rather than position 4 of the phenanthrene system, it was 
important to exclude decisively the second alternative. This was done by X-ray crystallo- 
graphic examination of the synthetic hydrocarbon, the results of which were in harmony 
with a long flat molecule (formula II), but could in no way be reconciled with structure 
(VII). In its cell dimensions, 1’ : 2’-naphtha-2 : 3-fluorene, like 2’: 1’-naphtha-1 : 2- 
fluorene, shows considerable similarity to Ruzicka’s hydrocarbon ‘‘ C,,H,,”’ (compare 
Bernal and Crowfoot, loc. cit.). 

As part of our general scheme of investigation of the molecular factors necessary for 
carcinogenic activity, 1:2: 5:6-dibenzfluorene was prepared for comparison with the 
carcinogenic 1:2:5:6-dibenzanthracene. 2-Bromomethylnaphthalene was converted, 
through methyl-2-naphthylmethylmalonic acid and B-2-naphthyl-a-methylpropionic acid, into 
2-methyl-6 :'7-benzhydrindone (VIII), from which 3-8-phenylethyl-2-methyl-4 : 5-benzindene 
(IX) was obtained by interaction with 6-phenylethylmagnesium chloride. 


( xe() 
Va » 7N/\\ \ 
OE |: SEN WY 
\Z_ (VIIL) \/ (IX.) yg (X.) 


The indene (IX) was cyclised by aluminium chloride to methyltetrahydrodibenzfluorene (X), 
which was dehydrogenated by selenium to 1 : 2 : 5 : 6-dibenzfluorene. 


1% 


EXPERIMENTAL. 


* and t denote microanalyses by Dr. A. Schoeller and Dr. G. Weiler, respectively. All other 
analyses were made by Mr. F. Goulden. 


3 : 4-Benzfluorene. 


Attempted Synthesis from 2-(2’-Naphthylmethyl)-1-methyl-A'-cyclohexene.—A mixture of 
2-bromomethylnaphthalene (44-2 g.) and anhydrous ether (250 c.c.) was slowly added to mag- 
nesium turnings (4-9 g.)._ After boiling for 2 hours, the product was cooled and treated gradually 
with 2-methylcyclohexanone (22-4 g.). The mixture was kept for 3 hours at room temperature, 
and then decomposed with ice and ammonium chloride. A considerable amount of white 
crystalline material remained undissolved in the ether. This was collected and identified as 
a§-di-2-naphthylethane (10 g.). The ethereal filtrate was washed and dried, and the ether and 
unchanged ketone removed by distillation. The residual oil (8 g.) was dehydrated with potas- 
sium hydrogen sulphate at 160—170° (1 hour). The resulting hydrocarbon (6 g.) had b. p. 
178—185°/6 mm., was unsaturated towards bromine, and gave no satisfactory picrate. Cyclis- 
ation was effected by aluminium chloride (6 g.) in carbon disulphide (60 c.c.) at 0° (6 hours). 
The saturated product (2-8 g.) was isolated in the usual way and purified through its picrate, 
which crystallised from alcohol in orange needles, m. p. 114—118°. The regenerated hydro- 
carbon (III or isomeride) formed a colourless liquid, b. p. 200—205°/7 mm. (Found: C, 91-0; 
H, 8-6. C,gH4 requires C, 91-5; H, 8-5%). 

This hydrocarbon (0-9 g.) was heated with selenium (2 g.) at 305—320° for 23 hours. After 
distillation, the product gave a picrate, m. p. 115—118°, not depressed by admixture with the 
picrate of the original hydrocarbon. 

Ethyl 2-B-Naphthylmethylcyclohexanone-2-carboxylate (IV).—Potassium (1-96 g.) was dis- 
solved in ethyl cyclohexanone-2-carboxylate (8 g.) in benzene (50 c.c.), and the cooled solution 
slowly treated with a benzene solution of 2-bromomethylnaphthalene (11 g.). After boiling for 
5 hours, the cooled mixture was treated with ice, the benzene solution washed and dried, and the 
benzene removed. Distillation of the residue gave the keto-ester (IV; 7-9 g.), b. p. 190°/0-7 mm. 
This formed a viscous liquid which crystallised on standing, and separated from light petroleum 
in colourless irregular plates, m. p. 69—71° (Found: C, 77-1; H, 7:2. C,oH,,O, requires C, 
77-3; H, 7-15%). 

3 : 4-Benzfluorene (V).—This hydrocarbon (0-15 g.) was obtained directly when the aforesaid 
keto-ester (3 g.) was heated for 16 hours with sulphuric acid (50 c.c.) and water (50 c.c.). Better 
results were obtained, however, by heating for a shorter time, and then completing the dehydro- 
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genation by heating with selenium. A suspension of the keto-ester (IV; 18 g.) in sulphuric 
acid (125 c.c.) and water (125 c.c.) was boiled for 74 hours, and the product extracted with ether. 
The extract was washed with dilute sodium carbonate solution and water, and the ether removed. 
The residue was distilled in a high vacuum and the distillate (8-8 g.) was heated with selenium 
(5 g.) at 300—320° for 24 hours. The resulting 3: 4-benzfluorene was purified through its 
picrate, which crystallised from alcohol in brick-red tabular needles, m. p. 130—131° (* Found : 
C, 61:8; H, 3-4. C,,H,,.,C,H,O,N, requires C, 62-0; H, 3-4%). The regenerated 3: 4-benz- 
fluorene (V; 0-7 g.) separated from alcohol in colourless rectangular plates, m. p. 124—125° 
(t Found: C, 94-0; H, 5-7. C,,Hy4, requires C, 94-4; H, 5-6%). 

Oxidation of this hydrocarbon (0-5 g.) with sodium dichromate (1 g.) in boiling acetic acid 
(20 c.c.) for 1} hours gave a dark-coloured resin, from which no crystalline product could be 
obtained directly. The presence of 3 : 4-benzfluorenone was shown, however, in two ways : 

(a) A solution of the crude oxidation product in glacial acetic acid (10 c.c.) was boiled for 
15 minutes with Girard’s ketonic reagent, trimethylaminoacetohydrazide chloride { (1 g.). 
The cooled solution was treated with ice and water, and mostof the acid was neutralised with potas- 
sium hydroxide (8-5 g.). Non-ketonic substances were extracted with ether, some unchanged 
hydrocarbon being isolated from the ethereal extract. The orange aqueous solution was acidified 
with concentrated hydrochloric acid (20 c.c.), and then warmed on the water-bath for 15 minutes. 
The resulting brown precipitate was collected and recrystallised from acetic acid, and had m. p. 
156—158°, not depressed by a specimen of 3: 4-benzfluorenone (m. p. 161°) prepared from 
phenylpropiolic acid (Schaarschmidt, loc. cit.). 

(b) The crude oxidation product was treated with semicarbazide in boiling aqueous-alcoholic 
solution. This gave a crystalline substance, from which unchanged hydrocarbon was extracted 
by boiling alcohol. The insoluble residue had m. p. 230—232° (decomp.), not depressed by the 
semicarbazone prepared from authentic 3: 4-benzfluorenone. This semicarbazone separated 
from dioxan in canary-yellow microscopic needles, m. p. 235° (decomp.) (f Found: N, 14-55. 
C,,H,,;ON; requires N, 14-6%). 


1’ : 2’-Naphtha-2 : 3-fluorene. 
9-Chloromethylphenanthrene.—Hydrogen chloride was passed for 7 hours into a vigorously 
stirred suspension of finely powdered phenanthrene (50 g.) in concentrated hydrochloric acid 
(250 c.c.) and 40% formaldehyde (40 c.c.), the temperature being maintained at 90°. The 


product was extracted with ether, washed, and fractionally distilled at 0-8 mm. The fraction, 
b. p. 180—260°, was twice redistilled, giving a fraction, b. p. 185°/0-6 mm. (15 g.). After several 
recrystallisations from alcohol, the picrate prepared from this fraction had m. p. 99-5—100-5°, 
and gave 9-chloromethylphenanthrene, which crystallised from light petroleum in colourless 
needles, m. p. 101—101-5° (Found: C, 78-9; H, 5-1. C,,H,,Cl requires C, 79-4; H, 4-9%). 
Oxidation of this chloro-compound with 3 parts of sodium dichromate in boiling acetic acid 
gave a mixture of 9-phenanthroic acid and phenanthraquinone, the latter being converted into 
the phenazine with o-phenylenediamine. All three compounds were identified by direct com- 
parison with authentic specimens. 

Ethyl 2-(3’-Phenanthrylmethyl)cyclohexanone-2-carboxylate (VI).—The chloride of 3-phen- 
anthroic acid (Mosettig and van de Kamp, J. Amer. Chem. Soc., 1930, 52, 3704) was converted 
into 3-phenanthraldehyde by the procedure outlined by Bachmann (loc. cit.), and the aldehyde 
hydrogenated to the carbinol by platinum-black in ethylalcohol. 3-Bromomethylphenanthrene 
was obtained from this carbinol by the method of Mosettig and van de Kamp (J. Amer. Chem. 
Soc., 1933, 55, 2995). 

A suspension of powdered potassium (3 g.) in toluene was heated with ethyl cyclohexanone- 
2-carboxylate (13-2 g.). After all had dissolved, 3-bromomethylphenanthrene (17-5 g.) was 
added, and the whole boiled for 6 hours. After cooling, water was added, the toluene solution 
washed and dried, and the toluene removed. Unreacted material was removed by distillation 
at 0-3 mm. (bath gradually heated to 240°), and the residue was recrystallised from alcohol, 
yielding 8 g. of the keto-ester, m. p. 97—98°. After two recrystallisations from alcohol (charcoal), 
ethyl 2-(3’-phenanthrylmethyl)cyclohexanone-2-carboxylate (VI) formed colourless crystals, 
m. p. 98—98-5° (Found : C, 79-8; H, 6-9. C,,H,,O, requires C, 80-0; H, 6-7%). 

1’ : 2’-Naphtha-2 : 3-fluorene (II).—A suspension of the foregoing keto-ester (VI; 6 g.) in 
sulphuric acid (72 c.c.) and water (72 c.c.) was boiled for 16 hours. The product was extracted 
with ether, and the extract washed with sodium carbonate solution and water and distilled at 
0-4 mm. from an air-bath at 240°. The product, which gave some naphthafluorene on tritur- 


t We are indebted to Dr. Girard for a generous supply of this reagent. 
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ation with alcohol, was completely dehydrogenated by heating with platinum-black at 320° 
for 24 hours. Crystallisation from alcohol, vacuum sublimation, and then crystallisation from 
benzene-alcohol gave 0-4 g. of 1’ : 2’-naphtha-2 : 3-fiuorene (II), which formed colourless leaflets, 
m. p. 226—226-5° (t Found: C, 94:3; H, 5-6; M, Rast method, 297. C,,H,, requires C, 94-7; 
H, 5-3%; M, 266). 

1’ : 2’-Naphtha-2 : 3-fluorenone was obtained when the hydrocarbon (II; 0-2 g.) was oxidised 
by sodium dichromate (0-6 g.) in boiling glacial acetic acid (15 c.c.) for 15 minutes. The 
product was sublimed at 200°/0-2 mm. and twice recrystallised from acetic acid, the ketone 
forming reddish-brown needles, m. p. 214-5—215° (* Found: C, 89-3; H, 4-4. C,,H,,O requires 
C, 90-0; H, 4:3%). This ketone gave a magenta solution in concentrated sulphuric acid. The 
low value for carbon, probably due to contamination with a quinone, was unaffected by re- 
crystallisation, and the amount of material was insufficient for further purification. 


Crystal Structure of 1’ : 2’-Naphtha-2 : 3-fluorene (by JoHN IBALL). 

From X-ray rotation and oscillation photographs the unit cell of crystals of this substance 
was found to be orthorhombic, with dimensions: a = 8-66 A., b = 5-71 A., c = 27-3 A. The 
cell contains 4 molecules, and the probable space group is P2,2,2,. The optical sign is negative 
and a, 8, y are in the directions a, b, c, respectively. 

Of the two possible structures (II and VII) which the molecule can possess, only one is 
consistent with the above data. The molecules must be elongated, and approximately flat. 
The optical properties show that the length of the molecule is along the c axis and the width 
approximately along the b axis. Therefore, only structure (II) can be correct. 

Assuming the space group P2,2,2, and allowing for the necessary distance between the mole- 
cules, they can be arranged as follows : One molecule lies at each corner of the cell, and the rotated 
molecule half a translation along the a axis. Then, because of the glide planes, there will be a 
molecule at the centre of the (100) face. The length of the molecule is along the c axis, but to 
allow sufficient distance between molecules at each end of the b axis they must be rotated so that 
their width makes an angle of 30—40° to the b axis. This arrangement brings the plane of the 
molecule almost into the plane (210), which is the strongest plane observed, two other strong 
planes being (110) and (200). The (020) plane is very weak. 


Ultra-violet Absorption Spectrum of 1’ : 2’-Naphtha-2 : 3-fluorene (by W. V. MAYNEORD 
and E. Roe). 


The technique used was that previously described (J., 1934, 1727). The Fig. gives the 
absorption curve of 1’ : 2’-naphtha-2 : 3-fluorene, as well as that of Diels’s hydrocarbon, ‘‘ C,;H4,,” 
reproduced for comparison. K = log (J,/J)//, and has the same significance as e, the symbol 
used in our former publication. The more important differences between the two curves are 
(a) wave-length shifts of the bands throughout, and (b) the much greater intensities of the 
bands of 1’ : 2’-naphtha-2 : 3-fluorene at 3464 and 3635 A. 

The following are the wave-lengths and extinction coefficients at the maxima of the bands of 
1’; 2’-naphtha-2 : 3-fluorene (¢ = g./l.) : 

3635 3550 3464 3386 3301 3178 3114 #3037 2961 2793 2698 
1297 0590 1:255 0-699 1:085 2°239 1°851 2°036 2:°069 2°372 2°396 


The values for Diels’s hydrocarbon are : 


3654 3562 3485 3390 3198 2980 2822 2730 2393 
0°797 0°447 0°806 0°622 1:910 2°009 2°328 2°:243 1°854 


1: 2:5: 6-Dibenzfluorene. - 

2-Methyl-6 : 7-benzhydrindone (VIII).—2-Bromomethylnaphthalene (44 g.), dissolved in a 
little benzene, was added to a suspension of the sodio-compound prepared from ethyl methyl- 
malonate (34-8 g.) and sodium (4-5 g.) in benzene (120 c.c.). The whole was boiled for 3 hours, 
and the new ester was isolated in the usual way. It formed a thick oil (33-5 g.), b. p. 180—190°/ 
06mm. Methyl-2-naphthylmethylmalonic acid, obtained by hydrolysis of this ester with boiling 
alcoholic potassium hydroxide, crystallised from benzene in white, microscopic, slender needles, 
m. p. 166—168° (Found: C, 69-7; H, 5-4. C,,H,,O, requires C, 69-7; H, 5-5%). Heating 
at 170° decarboxylated this malonic acid to B-2-naphthyl-a-methylpropionic acid, which crystal- 
lised from ligroin in colourless lath-shaped needles, m. p. 90° (Found: C, 77-9; H, 6-7. 
C,,4H,,O, requires C, 78-5; H, 6-6%). For dehydration to 2-methyl-6 : 7-benzhydrindone (VIII), 
a mixture of the propionic acid (13 g.) and anhydrous stannic chloride (20 c.c.) was heated at 120° 
for 4hours. The ketone was isolated in the usual way, distilled in a vacuum (b. p. 175°/7 mm.), 
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and recrystallised from light petroleum (yield, 11-5 g.). It formed short colourless prisms, 
m. p. 51—52° (Found: C, 85-5; H, 6-1. C,,H,,O requires C, 85-7; H, 6-2%). 

3-8-Phenylethyl-2-methyl-4 : 5-benzindene (IX).—2-Methyl-6 : 7-benzhydrindone (11 g.), dis- 
solved in a little ether, was added to a Grignard solution prepared from phenylethyl] chloride 
(8 g.), magnesium turnings (1-4 g.), and anhydrous ether (50 c.c.). After 5 hours at room tem- 
perature, ice and ammonium chloride were added, the ethereal solution was washed and dried, 
and the ether and excess of the hydrindone removed by distillation. The residual crude 
carbinol (8-9 g.) was dehydrated with potassium hydrogen sulphate, and the indene distilled 
(b. p. 190—195°/0-4 mm.). The distillate (6-9 g.) was sufficiently pure for the next stage, a 
sample being purified for analysis by crystallisation of its dipicrate, which crystallised from 
alcoholic picric acid in dark red needles, m. p. 132° (* Found: C, 55-2; H, 3-6. 
Cy2Hoo,2CsH,O,N, requires C, 55-0; H, 3-5%). The regenerated hydrocarbon (IX), distilled 
over sodium in a vacuum, formed a pale yellow, viscous oil, which slowly crystallised (Found : 
C, 92-5; H, 7-2. C,,H_» requires C, 92-9; H, 7-1%). 

Methyltetrahydro-1 : 2: 5 : 6-dibenzfluorene (X).—Cyclisation of the indene (IX; 6 g.) in 
carbon disulphide (60 c.c.) with anhydrous aluminium chloride (6 g.) was complete after 4 hours 
at 0°. The pentacyclic hydrocarbon (X) formed a colourless viscous liquid (3-6 g.), saturated 
towards bromine, and was characterised by its picrate, which crystallised from alcohol in orange 
needles, m. p. 155° (* Found: C, 65-2; H, 4-5. C,H 9,CgH,O,N, requires C, 65-4; H, 45%). 

1: 2:5: 6-Dibenzfluorene.—The methyltetrahydro-compound (X; 2 g.) was heated with 
selenium (3 g.) at 310—320° for 20 hours. The product was extracted with benzene, and 
distilled at 0-3mm. The resulting 1 : 2: 5: 6-dibenzfluorene (0-7 g.) crystallised from benzene— 
alcohol in thin, colourless, rectangular plates, m. p. 171—172° (* Found: C, 94-2; H, 5-3. 
C,,Hy, requires C, 94-7; H, 5-3%). 


We are indebted to the International Cancer Research Foundation for a grant (to E. R.), 
and to the Director of the Istituto di Perfezionamento in Chimica Industriale—G. Ronzoni, 
Milan, for allowing one of us (A. D.) to participate in this work. 


THE CANCER HosPITAL (FREE), Lonpon, S.W. 3. [Received, August 1st, 1935.] 
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Octadeuteronaphthalene. By G. R. CLremo and A. McQUILLEN. 


In the preparation of hexadeuterobenzene from dideuteroacetylene and its purification by 
means of picric acid (this vol., p. 851) about 3 g. of crude picrate mixture were obtained from 
22-5 g. of heavy water. This has now been investigated and, although more material will be 
necessary for a full examination, pure octadeuteronaphthalene and a more complex hydro- 
carbon have been isolated. The picrate mixture was separated by fractional crystallisation 
from alcohol into (a) a pure picrate, forming dark red needles, m. p. 205° [Found: C, 64-1; 
water (heavy and ordinary), 33-25; N, 9-05. C,,H,;D,,0,N; requires C, 63-6; water, 32-4; 
N, 9-27%], and (b) an orange mixture of picrates. The free hydrocarbon of (a) was regenerated by 
shaking the ethereal solution of the picrate with very dilute aqueous ammonia, and was purified 
by sublimation in a vacuum at 100°, forming yellow plates, m. p. 135°, giving a green fluorescence 
in the solid state and a blue one in ethereal solution. Lack of material has so far prevented full 
analysis, but C,,D,, is indicated for the hydrocarbon, and it is significant that in crystalline 
form and fluorescent properties it corresponds closely to 1 : 2-benzanthracene, m. p. 141°. 

The mixture (b) also was converted into the hydrocarbons as above and these were taken 
up in ether, some tellurium derived from the catalyst thus being removed. The ethereal ex- 
tract was converted into picrate, which after repeated crystallisation gave two yellow fractions, 
(c) of moderate solubility in alcohol and (d) of high solubility. The free hydrocarbon from (c) 
was purified by sublimation for 5 days at 100° and ordinary pressure, yielding colourless plates, 
m. p. 77-5°.  Recrystallisation from 75% methyl alcohol, followed by sublimation at 50° in a 
vacuum, gave pure octadeuteronaphthalene, m. p. 77-5° (Found: C, 87-3, 88-8; D, 12-3, 12-4. 
CyoD, requires C, 88-2; D, 11-8%. CyH, requires C, 93-8; H, 62%). The microanalysis 
was as difficult as that of benzene and it was necessary to use a considerable length of platinum 
catalyst to ensure efficient combustion. 

The fraction (d) gave liquid hydrocarbons, from which no sublimate was obtained after 
heating for 48 hours at 100° in a vacuum.—ARMSTRONG COLLEGE, UNIVERSITY OF DURHAM, 
NEWCASTLE-UPON-TYNE. [Received, July 29th, 1935.] 
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Action of Maleic Anhydride on Diphenylisobenzfuran. By EDWARD DE BarRRY BARNETT. 


WHEN 4 g. of maleic anhydride in 25 c.c. of dichloroethylene were added slowly at the ordinary 
temperature to 9 g. of 1 : 2-diphenylisobenzfuran in 75 c.c. of dichloroethylene, reaction took 
place almost instantly with the production of a transitory red colour and the separation of almost 
colourless crystals, m. p. 279° (decomp.) after recrystallisation from ethyl acetate (Found : 
C, 78-0; H, 4-7. C,,H,,O0, requires C, 78-2; H, 4-4%). 


cO—CH,_H CPh CO 
PIE OR NN 
boca ‘oie Alene NRL rn 


(I.) (II.) * Nt ‘vs 


This adject might be represented by formula (I) or (II), but its stability towards bromine is 
much more in harmony with the latter, as also is its method of preparation, since Guyot and 
Catel (Bull. Soc. chim., 1906, 35, 1125) and Guyot and Valette (Ann. Chim., 1911, 23, 363) have 
shown that the lateral carbon atoms are the centres of reactivity of the isobenzfuran ring system. 
Although the adject is stable in the solid state, it dissociates into its components extremely easily 
even in inert solvents such as ethyl acetate, and in this way resembles the adjects of maleic 
anhydride and the fulvenes (Kohler and Kalbe, J. Amer. Chem. Soc., 1935, 57, 917). This ease 
of dissociation is remarkable, since it must involve the disturbance of the aromatic structure. 

Diphenylisobenzfuran also reacted with benzoquinone extremely easily, e.g., in ethereal 
solution at — 10°. The product (presumably III) dissociated in solution so easily that purific- 
ation was difficult, but a sample recrystallised from chloroform and dried at 105° melted at 203° 
(decomp.) (Found: C, 82-1; H, 5-1. C,,H,,0O, requires C, 82-5; H, 4-8%).—Sir Joun Cass 
TECHNICAL INsTITUTE, Lonpon, E.C. 3. [Received, July 3rd, 1935.] 





The Influence of Substituents on the Energy of Activation. By D. H. PEacock. 


HERTEL and DresseEt (Z. physikal. Chem., 1933, 28, B, 281) examined the rates of addition of 
trinitroanisole and methy] trinitroanisole to dimethylaniline and some of its para-substituted 
derivatives. They found that the ratios of the velocities of reaction of the bases used with 
the two nitro-compounds were constant, and concluded that the difference between the energies 
of activation for a given pair of bases with trinitroanisole was equal to the difference for the 
same pair of reactants with methyl trinitroanisole, and further that the energy of activation 
was additive in character. They used the equation log 4 = — A/T + B and found that for 
all their reactions the values of B lay between 10-9 and 11-5. They therefore assumed that B 
was constant for all the reactions studied and used the value 11-2. For this assumption there 
does not seem to be any sufficient theoretical or experimental justification. Although the 
differences in the experimental values of B are small, they are sufficient to produce large 
variations in the differences in A upon which the authors base their conclusions. This is 
especially noticeable when the values of the energy of activation of a particular base with 
methyl trinitroanisole are compared with those for the same base and trinitroanisole. Using 
Hertel and Dressel’s method of calculation, it appears that the introduction of the methyl 
group into trinitroanisole raises the energy of activation by a constant amount. If, however, 
the energies of activation are calculated in the usual way from the temperature coefficients of 
the reactions concerned, the introduction of the methyl group raises the energy of activation 
in two cases and lowers it in two others. Similar variations in the effect of introduction of a 
methyl group have been observed before (Peacock, J., 1924, 125, 1976). 

It must, however, be emphasised that the assumption of constancy in B is not in itself 
sufficient to lead to constant differences in A. This result requires also constancy in the ratios 
of the velocities of reaction of the bases used with the two nitro-compounds. Constant ratios 
for reaction velocities have been observed in other cases and the observation certainly requires 
explanation. The simplification introduced by Hertel and Dressel seems, however, to require 
more justification than they have given.—UNIVERSITY COLLEGE, RANGOON, and UNIVERSITY 
CHEMICAL LABORATORY, CAMBRIDGE. [Received, May 28th, 1935.]} 
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OBITUARY NOTICES. 


HARFORD MONTGOMERY ATKINSON. 
1870—1935. 


HARFORD MONTGOMERY ATKINSON was born in Belfast on June 30th, 1870, being the eldest 
son of Mr. and Mrs. John H. Atkinson of College Gardens in that city. Until his 14th year 
he was educated privately and afterwards for three or four years at Dunheved College, 
Launceston, Cornwall, and at Craigmore College, Bristol. From 1891 to 1894 he studied at 
University College, Aberystwyth, and during this period graduated B.Sc. in the Uni- 
versity of London. He then returned to Dunheved College as mathematical master and 
left there in 1896 to study chemistry in Germany. In 1897 he entered the University of 
Géttingen and worked under Wallach until 1899 when he took his Ph.D. degree. His 
inaugural dissertation was entitled “ Beitrage zur Kenntniss der Oxaline und iiber einige 
Derivate der unsymmetrischen Dipropyl- und Diamyloxaminsauren.” 

In 1900 Atkinson returned from Germany and entered the works of the British Alumin- 
ium Company, first at the Alumina Works at Larne Harbour, Northern Ireland, and then 
at the Company’s rolling mills at Milton, Staffordshire, where he remained tiil 1903. In 
that year he became head of the Chemical Department of the Technical Institute, Limerick, 
and taught there until 1915 when he came to England to take up munition work. He was 


first at Queen’s Ferry and later for a short time at Waltham Abbey. In June, 1917, with 


the permission of the Ministry of Munitions he was engaged by the Milton Manufacturing 
Company and carried out work on the electrolytic production of chlorine. In this capacity 
he proved a skilful and accurate worker with a wide knowledge of his subject. His managing 
director, Mr. D. M. Rogers, mentions an accident which occurred to Atkinson about this 
time when a bottle of ammonia exploded in his face, damaging both eyes. Although 
suffering acutely, he was very courageous and non-complaining and during his three weeks 


at Moorfield’s Eye Hospital he was a model and cheerful patient. 


In March, 1918, a vacancy occurred at the Finsbury Technical College owing to the 
death of Mr. F. W. Streatfeild and as I had known Atkinson since his Limerick days in 1912 
and had fully recognised his sterling qualities as teacher I was very pleased to be able to 
recommend him for this post, which he held until the College was closed in 1926. Asa 
demonstrator he was highly appreciated by his students, for with his modest self-effacing 
manner he was a fitting successor to Streatfeild. 

He next made a three years’ contract (1928—31) with the British Celanese Company and 
worked for them first at Spondon and then in London, acting chiefly as an abstractor of all 
chemical literature and publications likely to be of interest in the manufacture of artificial 
silk. In this advisory capacity his wide knowledge of chemistry and technical literature 
was of considerable help to his colleagues. A few years ago he declined any further extension 
of his contract and retired from active chemical work. 

In addition to chemistry, Atkinson was greatly interested in literature and music, both 
English and foreign. He was at one time a keen photographer. Having travelled ex- 
tensively—walking and cycling—throughout the British Isles and in France, Germany 
and Switzerland, he had made a special study of scenery in its relation to geological form- 
ations. After graduation Atkinson made but little contribution to pure chemistry; his 
life work lay in the direction of technical chemistry and teaching. The annual inspections 
(1912—1915) of his department at the Limerick Technical Institute, which I made for the 
Department of Agriculture and Technical Instruction for Ireland, convinced me that he was 
a capable teacher with a thorough and comprehensive grasp of his subject. These high 
qualifications were so far appreciated locally that when he volunteered for war work his 
post was kept open until 1919. 

Atkinson had a charming personality, conscientious, sympathetic and unassuming with 
a keen sense of humour. 
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Atkinson’s health began to fail in 1934 and after a short illness he died on January 5th 


of the present year. He was unmarried and is survived by a brother and a sister. 
G. T. Morcan. 















WILLIAM BARLOW. 
1845—1934. 


WILLIAM BARLOW was born in Islington, London, on August 8th, 1845, and inherited from 
his father, Frederick Barlow, a business dealing with estate and building property; by the 
exercise of notable acumen in affairs he realised the business and thus found himself early in 
life possessed of considerable means. Barlow was educated privately; he had a taste for 
physical science and marked mathematical talent, but cultivated the latter unsystematically 
and perhaps rather too exclusively. 

Barlow thus found himself in his early thirties with an independence, with a genius for 
handling geometrical problems of a particular kind, and with ample leisure to devote to the 
study of crystal structure, which had become the subject of his choice. He had not, 
however, received that rigid disciplinary training through which most students of physics 
and chemistry acquire a broad sense of contemporary knowledge of the physical universe. 
In some respects this was a hindrance but in others an advantage; it left a powerful in- 
tellect unhampered by authority and led a logical mind to pursue its inquiries into difficult 
and obscure paths which might intimidate the more conventionally trained. Towards 
1888 Barlow came into contact with Prof. H. E. Armstrong, from whom he received much 
encouragement and help; he also met Mr. (now Sir) H. A. Miers and the writer and acquired 
from them most of his knowledge of formal crystallography. He afterwards spent some 
time with his family in Germany and made the acquaintance of Paul Groth, then the 
leading German crystallographer, occupying himself with the geometry of crystal structure ; 
on returning to England he devoted himself to crystallographic work of a theoretical kind 
until his death at Stanmore on February 28th, 1934. 

In summarising the work of an unconventional genius, it is not easy to proceed chrono- 
logically ; Barlow did not attack problems in the order which they would naturally take in 
a text-book or in the present notice. His work on the homogeneous partitioning of space 
may therefore be first reviewed. 

For a century past the view has prevailed that crystal structure consists in the similar 
repetition throughout space of identical units without regard to their shape or constitution. 
Continuing earlier work by Bravais and others, Sohncke in 1879 introduced the idea of a 
regular point-system as one in which the pencils of lines drawn from each point of the system 
to all the remainder are congruent with each other; the regular point-systems, if classified 
according to the position and nature of their axes of symmetry (whether screw-axes or axes 
of rotation), are65in number. The 65 Sohncke systems, if built up of mathematical points, 
do not account for all the types of symmetry represented by the 32 crystal systems; it will 
be seen at once that the structure of hemimorphous crystals, in which a polar axis is present, 
cannot be described by a Sohncke system without some further assumption, such as that 
of polarity of the points or of the component atoms or molecules. 

The development of Sohncke’s work needed to provide a complete geometrical theory of 
crystal structure was undertaken independently by Schénflies, Fedorow, and Barlow; all 
three solved the problem but by different methods, and the line of attack adopted by Barlow 
may be now briefly indicated. Each Sohncke system is characterised by certain coincidence 
movements, these being translations and rotations about an axis of symmetry, which leave 
its appearance unchanged ; further, a number of the Sohncke systems are enantiomorphous, 
that is, not identical with their mirror-images. Barlow duplicated the enantiomorphous 
Sohncke systems by intercalating the mirror-image in such a way that the coincidence 
movements of the two component point-systems coincide; he worked out the geometrical 
methods, three in number, by which this duplication can be effected. The 65 Sohncke 
systems thus became increased by another 165 to a total of 230; these are known as the 
230 space-groups and represent all the types of symmetry possible in crystal structures. 
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Each of the 32 crystal systems corresponds to one or more of these space-groups. With the 
proof that the space-groups number 230, the geometrical theory of crystal structure becomes 
practically complete and the foundation is provided upon which any mechanical or physical 
theory of crystal structure must be erected. Whilst the methods used by Barlow in carry- 
ing out this difficult and laborious piece of work are perhaps less elegant than those of 
Schénflies, they offer certain advantages by the lucidity with which they reveal the geo- 
metrical properties of the space-groups. 

Although Barlow published his work on the space-groups in 1894, he had for long been 
engaged on the second part of the problem of crystal structure, that of the mechanical 
nature of the structure (Nature, 1883, 29, 183, 205). He assumed that equilibrium requires 
the atoms composing a crystal structure to be arranged in closest packing and showed that 
two closest-packed homogeneous assemblages of equal spheres exist; one of these has full 
cubic symmetry and is known as the face-centred cubic packing, whilst the other has full 
hexagonal symmetry. It is indicative of the difficulties inherent to problems concerning 
space partitioning that so acute an observer as the late Lord Kelvin concluded that Bar- 
low’s hexagonal closest-packing of equal spheres is not a simple homogeneous assemblage 
(Proc. Roy. Soc. Edin., 1888—1889, 16,712). Modern X-ray analysis has now shown that 
most of thecrystalline metals possess one or other of these closest-packed structures, although 
some are in the looser body-centred cubic packing. The recognition that equilibrium 
demands that similar spherical atoms shall arrange themselves in one or other of the two 
closest-packed assemblages, and that these occur in many of the metals, was the first definite 
success achieved in associating specific geometrical structures with specific crystalline 
substances; the importance of this result has been too little appreciated. 

In his paper of 1883, Barlow discussed the crystal structure of diatomic compounds, and 
suggested as one possibility for sodium chloride a body-centred cubic arrangement in which 
one kind of atom lies at the cube centres and the other at the corners; this structure has 
now been shown by X-ray analysis to belong to cesium chloride but not to sodium chloride. 
It is of interest to recall Sohncke’s objection to this structure; he says (Nature, 1884, 29, 
383) : “‘ Thus eight atoms of Na stand in exactly identical manner around an atom of Cl 
(and also eight atoms of Cl around an atom of Na). The atom of Cl seems consequently 
to be in equally close connexion with eight atoms of Na; it has exactly the same relation 
to those eight atoms. It appears therefore as octavalent, certainly not as univalent; for 
it would be entirely arbitrary to suppose any two neighbouring atoms of NaCl in an 
especially close connexion and to take this couple for the chemical molecule of NaCl. By 
this example we see that from Mr. Barlow’s point of view both the notion of chemical 
valency and of chemical molecule completely lose their present import for the crystallised 
state.” This, which was an objection fifty years ago, is now regarded as one of the merits 
of the accepted cesium chloride structure; Barlow’s reply to Sohnke (zbid., p. 404) states 
the modern view. 

Barlow expanded his earlier notions on crystal structure in a long paper entitled “‘ A 
mechanical cause of homogeneity of structure and symmetry ” published in the Proceedings 
of the Royal Dublin Society for 1897 under the auspices of Prof. G. F. Fitzgerald; this 
provides a great deal of information as to possible symmetrical structures. Later, with 
the present writer, the conception was introduced that the atoms, supposed spherical, 
occupy volumes in the crystal structure proportional to their valency and, in papers 
published between 1906 and 1910, a large mass of experimental crystallographic data was 
reviewed. It was found possible, with the aid of the closest-packing valency volume 
hypothesis, to correlate many morphotropic relations with chemical constitution and 
crystal structure. 

In 1912, however, the first observations on the diffraction of X-rays by crystalline 
substances were made and opened the way to direct methods for determining structure ; 
these, brilliantly handled by W. H. and W. L. Bragg and their followers, have furnished 
precise experimental data as to the arrangement of the atomic centres in a vast variety of 
solid structures. It is now clear that Barlow’s mechanical theory was stated in too simple 
a form to be applicable to any but the most simple cases; it seems now impossible that 
crystal structures are, in general, close-packed assemblages of spherical atoms. In this 
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connexion it is significant to note that if the cubic closest-packed assemblage of equal 
spheres is symmetrically partitioned into tetrahedral groups of four spheres, the centres of 
these tetrahedral groups form the well-known Bragg structure for diamond; the diamond 
may thus be pictured as a close-packed assemblage of atoms which have the symmetry 
elements of the regular tetrahedron. Although X-ray analysis has increased our knowledge 
of crystal structure in an astounding way and has proved a most powerful tool, it has not 
led to a mechanical theory of crystal structure; it reveals the atomic arrangement but offers 
no reason why the component atoms seem to be closely packed in some crystalline structures 
and only loosely in others. The required mechanical theory of crystal structure may be 
found in some kind of generalisation of Barlow’s conception of equilibrium conditions. 
Barlow was elected into the Royal Society in 1908 and was president of the Mineralogical 
Society from 1915 until 1918. He was a man of simple tastes, very happy in his family 
life and happy in his friends; he was an expert cabinet-maker and this was helpful in the 
construction of complex models of crystal structures. It was never easy to follow his train 
of thought because he invented his own ways for attaining results; thus he rarely used the 
classical methods of spherical trigonometry in crystallographic calculations but devised 
special ones of his own for each case which arose. Whilst Barlow’s friends will remember 
his single-mindedness and his kindliness of heart, he will always rank among the master 


builders of the geometrical theory of crystal structure. 
W. J. Pope. 





HUBERT VERNON BETTLEY-COOKE. 
1885—1934. 


HuBERT VERNON BETTLEY-COOKE, who died at Canterbury, Sydney, N.S.W., on October 
29th, 1934, at the age of 49 years, was born at ‘‘ The Hollies,”” Winsford, Cheshire, England, 
on April 16th, 1885. He was the eldest son of Mr. Frank Bettley-Cooke, grandson of 
Surgeon Lieut.-Colonel John Blackburn, M.D., and nephew of Drs. V. K. and E. W. 
Blackburn of Barnsley, Yorkshire, and was educated at ‘‘ The Holme,”’ Upper Norwood, 
London. With a view to qualifying in medicine he continued his studies at the London 
Hospital, after matriculation, but, being blind in one eye, was reluctantly compelled to desist 
after three years owing to the excessive strain upon the sound eye. He then served 8 
years with Evans, Sons, Lescher and Webb, after which he left for Sydney, Australia, 
in 1915—where, on arrival, he accepted an appointment as Dyes Chemist to C. H. Slade & 
Co., Ltd., for 7 years and subsequently entered the service of Bostock’s Polishes Ltd. 
The last 8 years of his life were spent with Abel Lemon & Co. as chemist and technical 
adviser to this firm’s clients. 

In addition to his Fellowship of the Chemical Society, London, he was a member of the 
Royal Society of New South Wales for 15 years, being Hon. Secretary to the Section of 
Industry for the last 7 years. He was also an Associate of the Australian Chemical Institute 
for 14 years, a member and Committee man of the Sydney section of the Society of Chemical 
Industry and for about 17 years a member, councillor and past-President of the Sydney 
Technical College Chemical Society. 

By nature a thoughtful kindly man, of frank and friendly disposition, he was always 
ready to help others or assist in any movement for the benefit of the chemical profession ; 
although not given to the publication of papers, he contributed liberally in the way of 
addresses, exhibits and demonstrations to the meetings of the various local Societies. 

His leisure time was spent in a private laboratory at his home upon problems connected 
with his daily avocation and, although weakened physically by a severe illness of com- 
paratively short duration, he endeavoured to complete an investigation a few days before 
he finally succumbed to heart failure. 

He is greatly missed by his many colleagues, but much more so by the devoted wife who 


survives him. 
R. W. CHALLINOR. 
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JULIUS BEREND COHEN. 
1859—1935. 


JuLius BEREND CoHEN and his twin brother Adolf were born in Manchester in 1859. 
Their father was Sigismund Cohen, one of the numerous Germans who migrated to this 
country to take up the career of merchant shipper. It was his expectation and his desire 
that his twin sons should enter what had become his prosperous business. After early 
education in a day school at Manchester, they attended a general matriculation course 
at Owens College from 1875—76. With a view to their preparation for business, one 
of the twins, Adolf, spent a year in Lisbon and the other, Julius, a year in Paris. The 
following year the brothers entered their father’s business, but it appealed only to Adolf. 
Julius had in his school days practised experimental chemistry in school-boy fashion 
at home and acquired a strong interest in science. After a year of his father’s business 
he decided to prepare for a career in chemical industry and returned to Owens College 
for two years, 1878—1880, principally to study chemistry. 

By happy circumstance, as the future showed, Arthur Smithells * was at this time 
working in the chemistry department and Cohen and he struck up an acquaintance 
which rapidly ripened into intimate and life-long friendship. At the end of the two 
years’ course of qualitative and quantitative analysis Cohen reverted to industry, entering 
the works of the Clayton Aniline Company. This seems to have been one of the few 
unhappy periods of his life. In an article in the Journal of the Old Owensian Association 
describing some of his early reminiscences, Cohen said of this experience: ‘‘ We worked 
there in a noxious atmosphere of fumes and in indescribable mud and filth (no paved 
roadways). More unhealthy, dismal and repulsive surroundings it is difficult to con- 
ceive.” After two years of what must have been in great part mental torture, a fortunate 
reprieve occurred. In 1882 Smithells had decided to go to Germany for further study. 
Cohen showed pathetic envy that his friend should be able to do this and when the latter 
suggested that they should go together the idea was too attractive to be put aside. Cohen’s 
father at first proved reluctant, but Smithells joined in the efforts at persuasion and 
consent was finally given. A close mutual friend also agreed to make one of the party. . 
This was undoubtedly a turning point in Cohen’s career, for in Germany he received that 
first inspiration which he was in later days so successful in transmitting to his students. 

In that day there was a brilliant array of German chemists from which to choose— 
Kekulé, Hofmann, Fittig, Bunsen, Lothar Meyer, Baeyer, Wislicenus, Emil Fischer—and 
under Roscoe’s advice the trio proceeded to Baeyer’s laboratory in Munich, a week being 
spent in Paris on the way. Arrived in Munich, lodgings were sought out, the addresses 
put into a hat and lots drawn. Smithells had the pick of the bunch, Frl. Kolb, a woman 
of splendid character and rich in all domestic virtues, who in her earlier days as an operatic 
artist had been particularly befriended by Franz Liszt. Cohen and the third member of 
the party were less fortunate and had soon to change their quarters. A year later when 
Smithells left Munich to go to Heidelberg, Cohen went to live with Frl. Kolb and was 
with her for the rest of his stay. From that time on she had a line of students all 
connected with Cohen and Smithells either by friendship alone or as pupils. Their 
gratitude for her kindness and their affection for her personally caused them to raise a 
small pension to assist her in later years when her health failed. 

At that time in Munich the chemical department consisted of four large laboratories, 
two devoted to inorganic and two to organic chemistry. In one of the latter the students 
were engaged in making a variety of simple organic preparations. H. von Pechmann 
was in charge and that was the laboratory in which Cohen first worked. Although at 
Owens College there was a separate Professor of Organic Chemistry—the distinguished 
Carl Schorlemmer—the course in this subject consisted only of lectures: It was there- 
fore with considerable surprise that Cohen found some seventy or eighty students in the 
two organic chemical laboratories in Munich devoted to its practical study. 

The laboratory hours were from 8 a.m. to noon and 2 p.m. to 6, and there was through- 


* The writer is greatly indebted to Professor Smithells for the recollections of student days. 
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out an atmosphere of steady industry. There is no doubt that in spite of the long hours 
Cohen and his friends found themselves in a most genial environment. Amongst their 
fellow students at Munich were W. H. Perkin, Bamberger, Curtius, Duisberg and 
Friedlander. 

On account of its present-day interest one incident of these student days may be 
mentioned. The Manchester trio came to know in social life of a private dancing society 
called the “‘ Euterpe Gesellschaft.’”’ They decided to join it, but got no further when 
it was discovered that one of the rules was to the effect that “ Juden haben keinen Ein- 
tritt.”” Notwithstanding this, in an article on his student days in Munich which Cohen 
wrote a short time before his death he spoke feelingly of his happiness there—“. . . in 
spite of my obviously Jewish name, I received every kindness and consideration from 
the staff and from my fellow-students and in short from all with whom I came into contact.”’ 

Cohen remained for two years in Munich and before returning to England took his 
Ph.D. degree. The one unhappy event which cast a shadow over his stay there was the 
death of his twin brother, which caused him to go through the special pangs of bereavement 
characteristic of such relationship. 

On returning to Manchester he was appointed a Demonstrator in Chemistry at Owens 
College. In the second year laboratory he found that the old system of quantitative 
analysis of a series of metallic salts was still followed and, being anxious to extend the 
teaching to practical organic chemistry, he introduced a short course of organic prepara- 
tions. It was at this time that the idea of writing a student’s handbook on the subject 
was conceived and in 1887 his small ‘‘ Practical Organic Chemistry ’’ was published by 
the Macmillan Co. 

In 1885 Arthur Smithells had been appointed Professor of Chemistry at the Yorkshire 
College, Leeds, and being desirous of seeing a real department of organic chemistry estab- 
lished, the cherished hope of the two friends was realised in 1891 when Cohen joined the 
College as Assistant Lecturer in Organic Chemistry. He was promoted to a Lectureship 
in the following year. The venture was highly successful. Although the premises 
found for Cohen were at first only meagre and he had no private room or laboratory, 
he made the best of them. The organic chemistry department grew so rapidly under 
his inspiration and guidance that provision for the students had to be made by 
dividing the large chemical lecture theatre and using the dismantled back section as a 
temporary home. It was in this laboratory that a great part of Cohen’s work was done. 
Being an improvisation gave it something of the interest of a home-made abode and 
there was a tendency of the organic chemistry students who worked in it to mark them- 
selves off as a peculiar people or an upper class. An annual ‘“ Organic Dinner” was 
established and the menu on these occasions was embellished with amusing cartoons for 
which Cohen was responsible. In this laboratory Cohen had his own bench in one corner 
—he shunned the interruptions of a “ private room ”—there were research students at 
other benches and students just beginning their organic preparations or doing organic 
analysis at others. Over all a bust of Liebig looked down upon the scene. Those who 
were privileged to work in this laboratory will never forget its good fellowship, contact 
with research work of various kinds and above all the kindly example of Cohen himself. 
It was as if Cohen had been able to transfer to Leeds some of the atmosphere that had 
so stimulated him at Munich where the traditions founded by Liebig still held sway. 
When in 1904 the Yorkshire College became the University of Leeds, it was possible to 
give Cohen the position long overdue, that of a full professorship of organic chemistry. 
This change of status made no difference to his mode of life. His heart was in his labora- 
tory and during normal University hours he was almost always to be found there, either 
carrying out some chemical manipulation himself or instructing his students. Committee 
work or meetings which took him away from his laboratory he hated. 

From the time of his appointment as Lecturer until he retired from his Chair in 1924, 
he gave all the lectures in organic chemistry. They consisted of two courses, General 
and Honours; but in addition he took over a course of lectures to honours students on 
the history of chemistry and became a serious student of that subject. -One of his investi- 
gations in this sphere, which was never published except as a pamphlet for private distri- 
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bution, showed how the work of Mayow on combustion had been exaggerated. When it 
is remembered that for many years Cohen had no demonstrator to assist in the practical 
teaching, it can well be realised that as a teacher he carried a considerable burden. He 
was a clear lecturer, severely practical and direct and devoid of any showmanship. In 
spite of his manifold routine duties he never allowed his research work to flag, and through- 
out his whole period as a teacher he was a frequent contributor to the Journal of the 
Chemical Society, in which most of his work was published. 

Cohen was elected a Fellow of the Chemical Society on March 5th, 1885. He served 
as an Ordinary Member of Council from 1908 to 1912. In addition he served on the 
Council from 1920 to 1922 and from 1925 to 1928, in which periods he was also a Vice- 
President. In 1911 he was elected a Fellow of the Royal Society. In 1924 when he 
retired from his Chair at Leeds he was made Emeritus Professor and the University 
honoured itself in admitting him to the honorary degree of D.Sc. In 1930 he received the 
honorary degree of LL.D. from the University of Glasgow. During the later years of his 
tenure of the Chair of Organic Chemistry, Cohen had been working on the antiseptic action of 
substances allied to acriflavine—an antiseptic used in the Great War. This was supported 
by the Medical Research Council. When Cohen retired from the Chair he still carried 
on this investigation on behalf of the Council in a small suite of laboratories in York House, 
attached to the Leeds Medical School. In 1932 the Medical Research Council decided 
to discontinue this line of work. Cohen now gave up active laboratory work and he and 
his wife went to live at their country cottage beside Coniston Lake. After only three 
years of retirement in these beautiful surroundings, a retirement which was so perfect 
in its provision of activities in which Cohen delighted—writing, walking, gardening, 
painting, music, doing odd jobs in his workshop—that he described it as “ blissful,” he 
died on June 14th, 1935, after a few weeks’ illness. He was then 76 years of age. 

In 1892 Cohen married Hilda, daughter of William and Mary Hughes of Manchester, 
and they had two sons and two daughters. The elder son Adolf died on active service 
in France during the War, but the other children survive him. Cohen was a great believer 
in the new Universities, and partly for that reason, but also because of his loyalty to it, 
all his children were students at Leeds. 

Cohen’s first published papers appeared in the Berichte in 1884. They were in col- 
laboration with von Pechmann and were concerned with compounds of phenols with ethyl 
acetoacetate. No further publication occurred for three years and it seems probable 
that on his return to Manchester from Munich he was engaged in the preparation of his 
book on practical organic chemistry. This was first issued in 1887. From this time 
until his retirement from active work in 1932 Cohen contributed a long series of papers 
to the Transactions of the Chemical Society and, in his later years, to the Proceedings of 
the Royal Society. His early work dealt with isolated problems that were unconnected 
with each other and some of these undoubtedly arose in working out methods for his 
“ Practical Organic Chemistry.”” During part of this time, he was engaged in teaching 
inorganic as well as organic chemistry and several of his papers dealt with analytical 
methods. After 1890 practically all his work was in the organic field. A variety of 
miscellaneous problems excited his interest and these form the subject of about a third 
of his published papers. The papers in this category show his wide interests, but none of 
them led to a more sustained investigation in the fields in which they lay. There were, 
however, certain subjects in which he showed a continuous interest. One of these was 
the aluminium-mercury couple and its uses in organic chemistry. Although first used 
simply as a reducing agent, it was soon discovered that the couple could replace aluminium 
chloride in the Friedel and Crafts reaction and was advantageous in several directions. 
It was next employed as a carrier in the bromination of benzene, toluene and paraffin 
hydrocarbons. Finally Cohen and Dakin between 1900 and 1904 carried out a systematic 
and detailed investigation of the products obtained by the chlorination of toluene in 
presence of the aluminium-mercury couple. As a result of these studies they were able 
to establish the sequence of events as toluene and its chloro-derivatives were successively 
chlorinated, and the probable factors which determined the positions taken up by the 
chlorine atoms entering the nucleus. The subject had been in a state of considerable 
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confusion before this work was undertaken and it was very much clarified by the results 
obtained. These studies in chlorination, in which the influence of halogen atoms in the 
benzene nucleus in determining the results of further substitution was the main theme, 
led to others of a similar kind. They may be grouped in general as (a) further studies 
in chlorination and bromination, and (}) the influence of various substituents in the 
nucleus on the orientation of halogens or nitro-groups subsequently introduced. The 
idea underlying them was to discover the factors and if possible establish the laws governing 
substitution in benzene derivatives. During this period a few papers were also published 
on the effect of nuclear substitution on oxidation in the side chain. In these, interesting 
data concerning steric hindrance were obtained. 

Cohen was intensely interested in the problems of optical activity and a large propor- 
tion of his published papers deal with certain aspects of this subject. Almost the last 
paper he wrote was on “ Asymmetry and Life.” The first one in this field, published 
with C. E, Whiteley in 1900, dealt with attempts to produce optically active compounds 
from inactive substances. Although in the main the methods used were unsuccessful, 
they showed ingenuity and imagination of a pioneering kind. This piece of work is re- 
garded by some as amongst the best that Cohen carried out. It was followed by a long 
series of papers on the effect of position isomerism on the optical activity of menthyl 
esters of substituted benzoic acids and later of phthalic acid. With the assistance of 
several of his pupils a considerable number of isomeric series were prepared and investi- 
gated, and although no numerical rule was established which would account for the observed 
optical activity it was shown that certain qualitative regularities occurred with sufficient 
frequency to make them almost predictable. 

In 1921 a paper describing a new method for the resolution of asymmetric substances 
was published by Shimomura and Cohen. It described a method which was successful 
in producing optically active derivatives from racemic compounds by combining the 
latter with some optically active substance and then carrying out a replacement reaction, 
e.g., active phenylchloroacetic acid was prepared from inactive mandelic acid in this 
way. This was the last experimental work done by Cohen in this particular field. 

During the War the organic chemistry laboratory at Leeds as in many other universities 
was called upon to prepare substances necessary for medical treatment that had previously 
been obtained from abroad. This was carried out with great success and it may be men- 
tioned in particular that large quantities of novocaine were made on an almost commercial 
scale. In 1915 H. D. Dakin, who was working at Compiégne with Alexis Carrel on the 
antiseptic treatment of war wounds, asked for a large series of substances to be made for 
trial. With the assistance of the Medical Research Council upwards of 100 were prepared 
by Cohen and his assistants, and sent out. Amongst these were various chloroamines, 
some of which were found to be very efficacious. This was the beginning of Cohen’s 
interest in antiseptics and he continued to work on them until 1932. The introduction 
in the War of acriflavine as a surgical antiseptic led him to begin a systematic examina- 
tion of a long series of acridine and phenazine derivatives, together with pyridine and 
quinoline compounds which might be expected to exhibit antiseptic activity. C. H. 
Browning acted as his chief collaborator on the bacteriological side and was responsible 
for the testing of the antiseptic potency of the various substances which Cohen and his 
research assistants made. Although a number of very active products were synthesised, 
no marked advance on acriflavine itself was realised. The publication by Sir W. J. Pope 
in 1921 of his work on photosensitising dyes derived from quinoline led to the observation 
by Cohen that.the substituent groups which led to extension of photosensitising action 
were identical with those which tended to an increase in antiseptic power in the acridine 
group. He therefore commenced the synthesis and examination of a long series of dyes 
known to have sensitising or desensitising action, a task which occupied him and his 
collaborators until his retirement in 1932. In addition to dyes of the cyanine group a 
large series of styryl- and anil-quinoline derivatives were made and tested. Whilst the 
anils when suitably substituted were very powerful antiseptics, one of them, quinanil, 
having been of considerable service clinically, the styryl compounds were found to possess 
marked trypanocidal activity. This led to the further study of the effect of chemical 
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constitution on trypanocidal action and several compounds were discovered in which 
the ratio of the tolerated to the curative dose was high. A branch of this line of work 
which was followed in Cohen’s later years was the examination of organic bismuth com- 
pounds for spirochaeticidal activity. The carrying out of this work on antiseptic and 
trypanocidal action, in which several hundred compounds were made, illustrates well 
Cohen’s phenomenal patience and industry. The work of Ehrlich and others has shown 
that in the present state of knowledge regarding chemical constitution and biological 
activity there is practically no other road to pursue than that travelled by Cohen. Many 
might have the vision to plan such a task, but he is amongst the few who have had the 
capacity for patient industry which enabled it to be carried out in spite of the disappoint- 
ments entailed inevitably in work of this kind. 

It is well known that a number of Cohen’s pupils on his advice took up the subject 
of biochemistry, or physiological chemistry, as it used to be called. The first of these was 
H. D. Dakin and it came about in a somewhat curious way. Cohen’s interest in optical 
activity and especially in the biological resolution of inactive substances had made him a 
great student and admirer of the work of Pasteur. He had also had the curiosity to 
make cultures on gelatine plates of air-borne organisms in connection with his work on 
atmospheric pollution. H. D. Dakin, who was a research student at the time, was natur- 
ally affected by these phenomena. When it became possible for him to gain further 
research experience abroad, he suggested that he might take up physiological chemistry. 
Cohen met him more than half way and suggested a term with Duclaux at the Pasteur 
Institute. Duclaux agreed, but later ill health forced him to decline and he suggested 
that Dakin might work with Bertrand. At that time Bertrand was not very well known 
in this country and Cohen therefore recommended Dakin to go to his old teacher, von 
Pechmann. The tragic death of von Pechmann prevented this and finally at the sugges- 
tion of Sir Henry Roscoe, who was a governor of the Jenner (now the Lister) Institute, 
Dakin went there. He worked at first with S. G. Hedin on the phenomena of enzyme 
action but especially on the use of enzymes for the resolution of inactive substances. 
This work, as may well be imagined, so impressed and delighted Cohen that for many 
years his research students who were able to travel elsewhere for post-graduate work 
were advised to enter the field of biochemistry. 

Whilst still on the staff at Owens College Cohen became interested in the smoke problem 
and this interest was maintained actively throughout his life. He realised early the need 
for data concerning the composition of soot, the quantity emitted from domestic and 
factory chimneys, its journeys in the air and its effect on health, vegetation and buildings. 
The facts required could only be ascertained by experiments and he set about doing them. 
In the course of these experiments observations were made at ten different stations in 
the Leeds district, varying from industrial to suburban. Besides the collection of rain 
and atmospheric deposits and their analysis, a variety of plants were grown in the different 
centres, the deposit from leaves was examined, and the intensity of the light was measured. 
These facts are only mentioned to give an idea of the seriousness with which the problems 
were tackled. It would have been unlike Cohen to do otherwise. He had several col- 
laborators in this quest, the chief of them being A. G. Ruston of the Department of Agri- 
culture at Leeds University. The results, together with many cognate ones obtained 
by others, were collected and published in book form under the title ‘‘ Smoke, a study 
of town air.” This ran through two editions, the first being published in 1896 and the 
second in 1925. It gives as complete an account as one could desire to have of the nature 
of soot and its effects, as well as those of the gaseous impurities which are emitted from 
chimneys along with it. In addition, the dispersal of soot, the production of fog, and the 
effect of pollution of the air on vegetation are dealt with. It is a vade mecum of experi- 
mentally ascertained facts about smoke and its results which must have been of inestimable 
value to those interested in the suppression of this blight of the industrial age. It is 
typical of Cohen with his esthetic temperament, combined with an essentially practical 
outlook, that he should spend so much time in laborious experiments to try and convince 
others of the ravages wrought by smoke, quite apart from its offensiveness to eye and 
nose. In addition he frequently gave lectures to societies and conferences on smoke 
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abatement and from 1915 served as a member of the Local Government Board Depart- 
mental Committee on the pollution of the air by smoke and other noxious vapours. 

Cohen’s reputation as a teacher was not gained solely through the school of organic 
chemistry at Leeds. It came to him also and perhaps in greater part through his books. 
His first endeavour in this sphere was the little “‘ Practical Organic Chemistry,” written 
after his return from Munich and first published by Macmillan in 1887, After being 
reprinted twice, it gave place to a similar but more advanced book which was first pub- 
lished in 1901 and went through three editions, the last being in 1924. This and the 
earlier book have guided innumerable students in their first ventures in practical organic 
chemistry and they must have made Cohen’s name familiar the world over. Another 
of his books which is less known but found a useful place in schools was entitled ‘‘ Class 
Book of Organic Chemistry.” It included an elementary outline of the subject with 
practical exercises. There were two volumes, the first published in 1917 and the second 
in 1920. The latter was intended for medical students and contained matters with a 
direct bearing on medical subjects. His two theoretical books “‘ Theoretical Organic 
Chemistry’ and ‘‘ Advanced Organic Chemistry ’’ (3 volumes) have been extremely 
popular, as can be estimated by the numerous editions and reprintings through which 
they have gone. The former was intended for students reading organic chemistry for 
the Ordinary Degree and the latter, known popularly as the “ big Cohen,” for Honours 
and post-graduate students. Historically, probably the most important of these books 
was the small “‘ Practical Organic Chemistry.” It was the first of its kind in this country 
and it undoubtedly gave an impetus to the introduction of the practical teaching of organic 
chemistry in the chemistry schools in the eighteen-nineties. The two theoretical books 
which followed it also played a great part in the development of the teaching of the subject, 
for they appeared when there were few others in the English language to choose from. 
Their popularity, which still persists, is a sufficient indication that they met the need 
for which they were designed. 

No account of Cohen’s influence and work would be complete without a reference to 
the Working Men’s Institute in the York Road district of Leeds which owes its existence 
to him and his wife. A few years after their marriage, desiring no doubt to bring some 
brightness into the drab lives of some of the children who lived in the overcrowded areas 
of Leeds, they established what was at first called a “ Lads’ Club.” It was started by 
borrowing two rooms from All Saints Church, York Road, and in these weekly meetings 
were held. The rough “ tykes” who attended were entertained principally by games 
and music. The two rooms soon became overcrowded and a back-to-back house in All 
Saints Street was taken. This in turn gave place later to a loft over a stable, which was 
used as a general club room, but Mrs. Cohen also established a Mothers’ Meeting there. 
In 1911 a new building was erected, the gift of Professor W. Stroud, and was presented 
to the University in order to provide for the club in perpetuity. It was extended later 
by the addition of an extra storey. As the original members of the club grew to man- 
hood, their attachment to it and to its founders was so great that they would not leave 
it, hence the eventual change of name to “ Working Men’s Institute.”” The present care- 
taker, now a grandfather, was, as a boy, one of the original members. The Club possesses 
its own athletic ground and is now a self-governing institution. Throughout a great 
part of its period of existence Professor and Mrs, Cohen were greatly helped in their work 
for the Club by Mr. Joseph Wood. The success in achieving the aims for which it was 
founded and the efforts made to guide its destiny during the 37 years in which he worked 
in it brought great satisfaction to Cohen, and of his social activities in Leeds it was prob- 
ably the one that gave him most pleasure. When he retired the members of the Club 
as a sign of their esteem and affection presented him with a bird bath for his garden at 
Coniston Lake. 

What has been written above indicates the many-sidedness of Cohen’s activities. 
That he was able to accomplish so much was due in large part to his ability to concentrate 
entirely and exclusively on the thing he had in hand. If he had a motto it must have 
been ‘‘ Do it now.” These activities would be sufficient in themselves to fill the life of 
most men, but not so with him. He had gifts which took him into other spheres. Music 
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was a great delight to him and he was an excellent performer on the violin. He was 
particularly fond of chamber music, and at his home friends both from the University and 
from outside were often entertained by him and his wife at musical evenings. Painting 
in water colour was one of his hobbies, and he was very skilful in this medium in catching 
the spirit of the Lake District around his country cottage at Coniston. He was an active 
member of the Leeds Fine Art Society, a small club which met periodically for sketching 
out of doors or held exhibitions in the home of one or other of the group for criticism 
and discussion. He was an active gardener and found especial pleasure in this pursuit 
after his retirement. On a country walk he was a delightful companion. The varied 
phenomena of the countryside had a great attraction for him and he was able to infect 
others with it too. Tennis was one of his ways of getting exercise and he played a good 
average game. 

The administrative and routine side of University life offered no temptations to him. 
Indeed he was often critical of those who saw the need for devoting time which had to 
be spared from laboratory hours to this kind of work. He was also a severe critic of his 
chemical brethren and above all of those who he thought were out for public glory or 
private gain. He was impatient with those who were nominally but imperfectly equipped 
with science and particularly also with the medical profession. The foreign students of 
the University were always welcome at his home and unconsciously in this way he was 
able to give them an impression of English life which otherwise they would have missed. 
Many of them must be grateful for the friendship thus shown to them. 

It is undoubted that he played a great part in the Yorkshire College and the Leeds 
University which succeeded it, by developing as fine a tradition of service both to the 
institution itself and to the community in which it lay as one could hope to find. It 
was impossible to be associated with Cohen in any enterprise without being affected by 
his austerity, his kindness of heart and his high-mindedness. He was never a preacher 
and what his pupils learnt from him was through example rather than precept. Such 
charm of character allied to modesty and single-minded devotion to duty is but rarely 


seen, 
H. S. RAPER. 





CHARLES FREDERICK CROSS. 
1855—1935. 


CHARLES FREDERICK Cross, whose name will always be associated with cellulose, was 
born on December 11th, 1855, and died on April 15th, 1935. His father, Charles J. Cross, 
J.P., of Brentford, a director of the firm of T. B. Rowe, the well-known soapmakers of that 
town, no doubt directed his footsteps in the direction of science and its industrial applic- 
ations. He was educated at King’s College, London, taking prizes in chemistry, geology, 
and German, and in 1873, at the age of 18, embarked on a chemical career, becoming 
chemist to the Phosphate Sewage Company, of Barking. An early assertion of independ- 
ence is found in a letter of this period, protesting against certain of his results being pub- 
lished until they had been more definitely established. 

Following further experience on sewage farms in the Midlands, he spent the year 1876 
in Zurich, studying organic chemistry at the University and the Polytechnikum, improving 
his knowledge of German and making many friends. Thus prepared, he entered Owens 
College, Manchester, where he joined a group of active workers under Roscoe and Schor- 
lemmer, whose brilliance had made Owens College a recognised centre of chemical science 
at that time. Cross, energetic, lively, and musical, took an active part in the life of the 
college, speaking at the Union Society and the College Chemical Society, the records of 
which, for example, on March Ist, 1878, show him contributing a paper on the life and 
work of Liebig, with Dr. Roscoe in the chair. He graduated B.Sc. London in 1878, and 
spent a post-graduate year upon various investigations, one of which, a research ‘‘ On the 
Hygroscopic Properties of Bodies,” was published in 1879. He was now looking for an 
opportunity to specialise, and the opportunity soon came. Dr. Roscoe had been asked by 
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the Barrow Flax and Jute Company of Barrow-in-Furness to send them a young chemist 
likely to solve difficulties connected with the bleaching of fibres. He told Cross it was just 
the task for him, and from 1879 to 1881 Cross worked with eagerness and success, partly 
at Barrow and partly at Owens, on the problems which he found to hand. Always very 
quick and imaginative, he realised at once that a vast field must exist for the application 
of science to the study of vegetable structures, and he resolved to make the field his own. 
How rapidly he did so is shown by publications on the Chemistry of Bast Fibres (Owens 
College, 1880), on Cellulose and Coal (with E. J. Bevan; Chem. News, 1881), the Chemical 
Technology of Jute (J. Soc. Chem. Ind., 1882), and by his correspondence with Vines of 
Oxford, Mills of Anderson’s College, Glasgow, and others, on the chloro-compounds of bast 
fibres, the nature of dyewoods and logwood, and the constitution of lignin. The reactivity 
of jute, ever after his favourite lignocellulose, to chlorine led to the discovery of the well- 
known chlorination process for the isolation and estimation of cellulose—a process which 
after innumerable critical investigations still remains a standard. 

At Owens a friendship had grown up between Cross and Edward J. Bevan, a student 
of the same age and the same keen outlook upon research. Bevan had gone to the Mussel- 
burgh Mill (Cowan and Co.), where he was afforded every facility for acquiring a knowledge 
of paper manufacture. The two young men kept closely in touch, and, fired by the thought 
of the innumerable problems awaiting solution in the cellulose field, determined jointly 
on a great adventure. In 1883 they gave up their posts in order to spend a period on pure 
research, and through the influence of Thistleton Dyer, Hugo Miiller, and H. E. Armstrong, 
they secured places in the Jodrell Laboratory, Kew (1883). Their investigations here 
dealing with lignification and the oxidation and hydration of cellulose were published in 
a series of memoirs. The result of this close association was the formation in 1885 of the 
consulting practice of Cross and Bevan, with laboratories at New Court, Lincoln’s Inn, still 
the home of the firm. 

The partnership was dissolved only by the death of Bevan in 1920, and the loyalty of 
the two men to each other was such that Cross might easily have written of Bevan in the 
words used by Liebig in speaking of Wéhler: ‘I had the great good fortune to gain a 
friend of similar tastes and similar aims. Without envy and without jealousy, hand in 
hand we pursued our way; when one needed help the other was ready. . . . Many of the 
investigations which bear our joint names were done by one alone. They were charming 
little gifts which each presented to the other ” (Liebig, Autobiographical Sketch). 

They early specialised on paper, taking an active part in the investigations needed 
for the development of the Ekman bisulphite pulping process. Their “‘ Text Book of 
Papermaking,” still a standard work, was published in 1887. Bevan gradually concen- 
trated, however, on the analytical side, becoming public analyst for the County of Middlesex. 
Cross, devoted to research, spent as much time as possible at the bench. He carried out 
important work on nitrocellulose and the sulphuric acid esters of cellulose and the influence 
of mixed esters formed during nitration on the stability of the products. Impressed with 
the importance of obtaining cellulose in a soluble form, he prepared other esters and the 
discovery of cellulose acetate (1889) and benzoate (1890) was the prelude to the great 
achievement of his career, the discovery of cellulose sodium xanthate (viscose), the prepar- 
ation of which was patented in the joint names of Cross, Bevan, and Beadle in 1892. 

Cross at once realised the importance of this product, soluble in dilute alkaline solutions 
and capable of simple reversion to a dispersed form of cellulose, and his correspondence 
reveals the tremendous energy with which he set to work. The autumn of 1892 was 
consequently a period of intense activity. Clayton Beadle was making “‘ viscose,’’ as Cross 
began to call it, at St. Mary Cray, and was testing it for paper coating and sizing. The 
variation of viscosity with the age of the viscose solution was being investigated. Arrange- 
ments were made with Messrs. Griffin and Little to handle the material in the U.S.A., 
and Cross made enquiries for a machine suitable for producing viscose films. But the 
earlier applications of viscose were in the direction of a “‘ filler ’’ for textiles and paper to 
provide waterproof and other finishes, and to prepare strong boards for bookbinding and 
similar purposes. 

A Viscose Syndicate was formed under the chairmanship of A. W. Pears and later of 
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Cross, anda product, Viscoid, suitable for the manufacture of such articles as umbrella 
handles, was developed and licences granted for manufacture at home and abroad. 

A. D. Little had written to Cross in August, 1893, asking whether he had considered 
spinning viscose in place of nitrocellulose, but owing to more pressing claims no experi- 
mental work was done in this direction till 1896, when the Viscose Syndicate was consulted 
by C. H. Stearn, of the Zurich Incandescence Lamp Co., with works near Kew Gardens, 
as to the possibility of producing from viscose a thread suitable for electric lamp filaments. 
Under the guidance of Cross and Bevan, Stearn, with the skilled co-operation of his assistant 
Topham, soon produced a suitable monofil, and this naturally suggested the manufacture 
of a multiple thread which could be used for textile purposes. Although they had little, 
if any, knowledge of spinning machinery, Stearn and Topham rapidly overcame the diffi- 
culties involved, and early in 1898 they succeeded in spinning a multiple twisted thread 
from viscose at a reasonable speed. The invention of the centrifugal spinning box by 
Topham in 1900, and the acid bath of Stearn and Woodley (E.P. 2529, 1902), made the 
production of artificial silk a commercial reality. As Cross himself says in the Mather 
Lecture to the Textile Institute (1921), this development of viscose spinning by Stearn and 
Topham is ‘‘ one of the most extraordinary cases in technical history.” The original 
Topham box reposed for years in a dusty corner of Cross’s laboratory, but it now happily 
takes its place as a piece of technical history in the Science Museum, S. Kensington. 

The Viscose Spinning Syndicate arranged for the production of viscose by financial 
groups in America, Germany, and France, whilst Messrs. Courtaulds Ltd., with whom 
Cross remained closely associated, took over the production in this country in 1903. He 
was also greatly interested in the development work of the Société Frangaise de la Viscose, 
spending his summer holiday in Dieppe so as to be near their works at Arques la Bataille, 
and during the initial period of the Société Russe de la Viscose he visited them in Moscow 
and St. Petersburg. 

Although viscose and viscose rayon remained a dominant interest, Cross during the period 
from 1912 to his retirement about six years ago took an active part in almost every phase 
of cellulose development; new processes for the manufacture and standardisation of wood 
pulps, in particular, and the utilisation of the waste materials of the bisulphite pulp process, 
occupying his attention. By writing, lecturing, and the steady output of original research 
also, he did everything possible to encourage the study of cellulose and its problems. 

The Cross and Bevan “‘ Text Book of Papermaking ’’ (1887) has already been mentioned. 
The classical ‘‘ Cellulose, an Outline of the Chemistry of the Structural Elements of 
Plants,” was published in 1895. It was written by Cross during a three weeks’ holiday, 
and to those who knew him it is Cross himself thinking, speaking, full of imagination ; 
his ideas pouring out, often haphazard, but everywhere giving inspiration for future work. 
He agreed with the present writer that the book should stand as a phase of cellulose history 
and should not be brought up to date, but schemes for the writing jointly of another book 
on modern lines never materialised. He wrote rapidly in a characteristic style, and his 
handwriting, which, as a young man, was like copybook, later became a spidery gothic, 
easily read only by the experienced. 

During the fifty years 1879—-1929 over a hundred memoirs appeared under Cross’s 
name. They include contributions to the constitution of lignin and the lignocelluloses, 
flax, esparto, kapok, and the cereal straws; raffia and the cutocelluloses; the nitric, formic, 
and other esters of cellulose, and his theory of the ketonic constitution of cellulose. All 
are characterised by rapid clean-cut experimental method. 

His pioneer work and his persistent and successful efforts were duly recognised. He 
was elected a Fellow of the Royal Society in 1917, and was awarded the Research Medal 
of the Society of Chemical Industry ‘‘ for conspicuous services to chemical industry ” 
(1916), and the Medal of the Society of Dyers and Colourists (1918). He served as Presi- 
dent of the latter Society 1917—18, and was awarded the Perkin Medal (1923). He was 
also the first honorary fellow of the Textile Institute and the Technical Section of the 
Paper Makers’ Association. Always interested in the work of the Royal Society of Arts, he 
gave the Cantor Lectures in 1920 on “‘ Recent Research in the Cellulose Industry,”’ and 
served on their technical committee dealing with the durability of paper. 
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Cross was of a kindly dry humour and always intensely alive with a gentle charm of 
manner and a brightness of outlook which appealed to everyone. As a young man he was 
very fond of rowing and fishing, and the love of the river and of the open country always 
remained. He was a keen observer of nature and delighted in flowers and the garden. 
Love of music too was a dominant factor in his life. He played excellently on the organ 
and the piano and was a natural musician in the sense that he turned to music as a form of 
expression. He extemporised admirably, the influence of Bach being always observable, 
and would generally relax after a long day, inthis manner. He also had the gift of entering 
into the spirit of life abroad and this, coupled with the ready way in which he spoke and 
wrote foreign languages, had much to do with the success of his work in other countries 
and the close contact he preserved with them. 

He married in 1890 a daughter of General C. R. Stainforth of the Madras Cavalry, who 
with their two sons and daughter survives him. During the last few years he lived in 
retirement at Hove and, being prevented by an arthritic affection from walking much, he 
owed everything to his wife’s devoted care. 

To have given the world a new structural material—viscose cellulose—was a great 
achievement. That it came as early as it did was due to the combination of the two 


opposites which dwelt in Cross—the visionary and the practical scientist. 
CHARLES DOREE. 





THOMAS CUTHBERT DAY. 
1853—1935. 


THOMAS CUTHBERT Day was born at Burton-on-Trent, where his father, the Rev. Cuthbert 
Day, was headmaster of the Grammar School. In his early days he was engaged in the 
brewing industry and came to Edinburgh about 45 years ago as head maltster to a firm of 
brewers. Later, in company with the late Bailie John Hislop of Leith, he founded the 
firm of Hislop and Day, the well-known photo-process engravers. In this work his know- 
ledge of chemistry was most valuable. Colour reproduction was then in its infancy and he 
was successful in developing this work on thoroughly scientific lines. Many of the plates 
in the Proceedings and Transactions of the Royal Society of Edinburgh are the work of his 
firm. 
Day had a wide general interest in science, but it was geology which attracted him. 
He specialised on the geology of the volcanic formations along the coast of the Firth of 
Forth and recorded many hitherto undiscovered volcanic vents. It was on the chemical 
aspects of geology that he did his most important work, and his chemical analyses of igneous 
rocks, chiefly rocks from Fife and the Lothians, form a contribution to petrographical 
knowledge of outstanding merit and importance. He was a popular lecturer on geological 
subjects and wrote an interesting account of the Arthur’s Seat volcano as a guide to 
beginners. 

He was of a quiet yet genial disposition and his death removes a well-known figure from 
the scientific societies of Edinburgh. 

Day was elected a Fellow of the Society in 1881 and died in Edinburgh on June 14th, 


1935, in his 83rd year. 
A. LAUDER. 





PETER FENTON. 
1875—1935. 


PETER FENTON, a pharmacist of exceptional ability, died at Coatbridge on June 14th, 1935, 
aged 60. He was elected a Fellow of the Chemical Society in December, 1919. After a 
brilliant studentship he was appointed to a lectureship in botany and materia medica at the 
Glasgow School of Pharmacy. He was an enthusiastic and inspiring teacher. Thereafter 
he engaged in the successful practice of pharmacy, latterly in Kirkcaldy, ultimately 
returning in 1932 to his native town, Coatbridge, where his scientific bent found expression 
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in his devoting himself exclusively to optical and refraction work. Possessing all the 
optical qualifications available in this country, Fenton was one of the founders of the Glas- 
gow Refraction Hospital and his continued keen and practical interest in that beneficent 
institution was rewarded by his appointment, shortly before his decease, as chief of staff. 
He had a talent for botanical research, rather than chemical, and read many papers to 
naturalist societies in the county of Fife. An accomplished and cultured man of genial 
personality and lovable disposition, Fenton was honoured and greatly esteemed. Sincere 
sympathy is felt for his widow and family in their sudden and sorrowful tribulation and 


severance. 
W. Marr. 





HAROLD FOLLOWS. 
1862—1935. 


HAROLD FOoLtows, second son of Alderman John Follows (for many years one of Stafford’s 
best-known public men), was born in Stafford on December 10th, 1862, and died at his 
residence in Victoria Park, Manchester, on May 8th, 1935. He was educated at Stafford 
Grammar School, distinguishing himself particularly in classics and chemistry, and con- 
tinued his studies in chemistry and physics at the evening classes held at Owens College in 
Greek Street, off Downing Street, in 1879—1880, 1880—1881, and in 1881—1882 in Rosamond 
Street East under Professor Henry Roscoe. In 1878 Follows was appointed to his first 
position as junior chemist to H. D. Pochin & Sons, Ltd., Chemical Manufacturers, Salford, 
and remained on the technical staff of this Company until 1889, when he was appointed 
salesman and representative of Hardman & Holden, Ltd., Tar and Ammonia Distillers and 
Chemical Manufacturers, Miles Platting, Manchester. He held this position until his 
retirement in January of this year. Follows was an extremely likeable man, full of energy 
and determination to serve his company loyally and faithfully. His ready wit and his 
ability to talk learnedly on scientific matters made him a very successful representative. 
He could speak fluent French and German and had a useful business knowledge of other 
languages. His death is much regretted by all who had intimate contact with him. He 
was elected a Freeman of the Borough of Stafford on August 25th, 1884, and a Fellow of the 
Chemical Society on May 7th, 1885. Follows carried out water analysis for the Stafford 
Corporation during the period 1887—1888 when they contemplated a new water scheme. 


He leaves a widow and many friends to mourn his loss. 
A. F. CAMPBELL. 





VICTOR JOHN HARDING. 
1885—1934. 


BIOLOGICAL chemistry suffered a grievous loss by the death on July 3rd, 1934, of V. J. 
Harding, D.Sc., Professor of Pathological Chemistry in the University of Toronto. He 
had a first attack of coronary thrombosis in September, 1930, a second in June, 1932, and 
a third in October, 1933. In May, 1934, he developed bronchitis and pleurisy and died 
of heart failure during this illness. Following each of the former periods of ill-health, 
he engaged with his customary zeal and ardour in his research activities and even directed 
them from his sick bed. His wonted cheerfulness and enthusiasm were at these and all 
times an inspiration to those about him, and even those who knew him best could only 
admire and wonder at his fortitude and courage under circumstances trying in the extreme 
both to the body and mind. 

Victor John Harding was born on October 23rd, 1885, at Fishpool, near Bury, Lanca- 
shire, and was the son of Frederick James and Sarah Halstead Harding. From Bury 
Grammar School he proceeded in 1903 to the University of Manchester and graduated 
with first-class honours in chemistry in 1906, being awarded a graduate research scholar- 
ship and the Le Blanc Medal. He was a research pupil in the laboratory of Professor 
W. H. Perkin from 1906 to 1910. In his final post-graduate year at Manchester he served 
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as research assistant to Dr. C. Weizmann, with whom, as also with W. H. Perkin, he 
published several papers concerned with organic syntheses. Among the more important 
of these was his share with Perkin in the synthesis of 1-methyleyclohexylidene-4-acetic 
acid (J., 1908, 98, 1943). He graduated M.Sc. in 1907 and D.Sc. in 1912. 

Harding was appointed Demonstrator in Chemistry at McGill University, Montreal, 
in 1910. In his first year on the staff he taught general chemistry under the direction of 
Professor J. Wallace Walker, and in the following year he was persuaded by Professor 
R. F. Ruttan to accept appointment as Lecturer in biological Chemistry. He was un- 
familiar with this branch of chemistry, although it had always had attractions for him. 
To extend his knowledge in this field he spent his vacations during one or two summers 
in England and engaged in biological research both at St. Mary’s Hospital, London, and 
at the Lister Institute. One outcome of this work was a paper on the action of enzymes 
on hexose phosphates (Proc. Roy. Soc., 1912, B, 85, 418). A series of memoirs followed 
on the ninhydrin reaction, published in the Transactions of the Royal Society and in the 
Journal of Biological Chemistry, 1915—1917. His service in developing a colorimetric 
method of estimating «amino-acids is well known. He applied it with success in re- 
searches on protein hydrolysis and found it to be comparable in accuracy with the micro- 
gasometric method of Van Slyke. The possibility of error in his method led him to study 
the specificity of the reaction and the conditions under which it could be utilised in the 
presence of amines and ammonium salts. As applied to amino-acids, the reaction was 
traced to the formation of the corresponding glyoxal and ammonia, which then combined 
with triketohydrindene hydrate. 

His services at McGill University were recognised by his appointment as Assistant 
Professor in 1913, and as Associate Professor of Biological and Physiological Chemistry 
in 1917. He maintained his close association with Professor R. F. Ruttan, engaging 
actively and with marked success in the teaching of medical students in the Department 
of Chemistry. His courses included physiological chemistry with special reference to 
problems of nutrition and metabolism, and the properties of colloids. From among his 
students he selected those who had worked most creditably and induced them to attend 
an advanced seminar course in which he discussed the more recent advances in his subject. 
Endeavouring to foster the research spirit, he described the new contributions of individual 
investigators in the field of pathological chemistry and while giving credit to each author 
he never attempted to be dogmatic or critical. His methods were intended to arouse 
latent interest in the application of chemical methods to pathology and with Ruttan he 
succeeded along these lines in instituting one of the first practical courses of biochemistry 
given in Canada. 

From 1916 until the end of the War his researches were interfered with owing to his 
spending vacations in war service at the munitions factory of Messrs. Curtis and Harvey, 
Dragon, Quebec, but during University terms he contrived, in close association with 
clinical workers in the hospitals, to continue his investigations. With J. W. Duncan 
in 1918 he published a report on the effect of high carbohydrate feeding on the nausea 
and vomiting of pregnancy (Can. Med. Assoc. J., 1918, 8, 1057). This was his first re- 
search in pathological chemistry and it was followed immediately by a paper with C. A. 
Fort on the amino-acids of the human placenta which showed the combined protein fraction 
to have a high arginine content (J. Biol. Chem., 1918, 35, 29). This subject was continued 
in several publications in association with his pupil, Dr. Elrid G. Young, now of Dalhousie 
University, to whom the present writer is indebted for much of the information in this 
memoir. The ready digestibility of this protein fraction was demonstrated both in vitro, 
and im vivo in the dog. They studied also the influence of this protein on the purine 
metabolism of the growing dog. Alongside this problem Harding and Young investigated 
the influence of high and low protein diets on creatine-creatinine output in the dog (J. 
Biol. Chem., 1918, 36, 575; 1919, 40, 227). 

In 1920 Harding was elected to the Chair of Pathological Chemistry in the University 
of Toronto. Here, as at McGill, working in close co-operation with the Department of 
Obstetrics and Gynecology, he engaged in a long and noteworthy series of investigations 
which will always remain an outstanding contribution to obstetrical knowledge, par- 
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ticularly on the toxemias of pregnancy. His early papers on the nausea of pregnancy 
introduced and established the now wide-spread use of glucose therapy in Hyperemesis 
Gravidarum and his studies in dehydration covered a field which had hitherto been un- 
explored by other investigators. The theory of carbohydrate deficiencies stressed the 
essential common metabolic basis of all degrees of the nausea and vomiting of pregnancy. 
The result of Harding’s teaching was the application of new methods not only to Hypere- 
mesis but also to the milder cases (Lancet, 1921, 2, 327; 1922, 2, 649). These papers 
were followed by studies in ketogenesis in pregnancy and it was when the accumulated 
evidence showed that the carbohydrate deficiency hypothesis could not be established 
as the primary etiological factor in the disease that Harding directed his efforts to the 
elucidation of the dehydration factor. Subsequently he turned to the question of the 
later toxemias and made important contributions, including “ The effects of hypertonic 
saline on the toxemias of pregnancy” (Brit. Med. J., Oct., 1930) and ‘ Researches in 
the toxzemias of later pregnancy’ (Amer. J. Obstetrics and Gynecology, 1932, 24, 820). 
He was invited to read the latter paper at the meeting of the New York Obstetrical Society 
in 1931, an honour which was appreciated by his colleagues as a marked recognition of 
his valuable work. The present-day treatises on obstetrics bear witness to his influence 
on modern treatment in this field. 

Problems of carbohydrate metabolism claimed his interest in subsequent years and, 
finding that the existing methods for the identification and estimation of sugars in body 
fluids were inadequate for his purpose, characteristically he devised other valuable analytical 
procedures. His study on the metabolism of galactose with G. A. Grant (J. Biol. Chem., 
1933, 99, 629) belongs to this period, as also his work on the benign glycosurias. Among 
his latest interests was an endeavour to ascertain the nature of the reducing sugars in 
normal urine, but the completion of this investigation was interrupted by his untimely 
death. In preparing himself for this problem he devised a scheme for using micro-organ- 
isms in quantitative and differential sugar analysis and these experimental methods will 
be found of permanent service and value (Biochem. J., 1933, 27, 1082). His last publica- 
tion was on carbohydrate material in fasting urine (Can. Chem. & Met., 1934, 18, 105). 
In all, Harding published some 70 papers in the scientific journals, most of them in 
collaboration with his own pupils. 

Harding married, at Montreal in 1914, Mary Marshall, daughter of Captain Archibald 
Browning Smith, of Seaforth, Liverpool, whose helpfulness and grace were always a com- 
fort and inspiration to him. She and a son and a daughter survive him. He was elected, 
in 1922, a Fellow of the Royal Society of Canada, and he was a Fellow of the Chemical 
Society and an Associate Fellow of the Academy of Medicine of Toronto as well as an 
Honorary Member of the American Urological Association. Other learned societies of 
which he was a member were the Biochemical Society, the American Society of Biological 
Chemists, and the Canadian Medical Association. He was one of the pioneers in the 
creation of a biochemical section of the Canadian Chemical Association and was the first 
president of the Toronto Biochemical Society. Harding was a man of reserve and modesty, 
which he combined with great strength of purpose and sincerity. A humour, always 
kindly and gentle, pervaded his judgment of men and things. Perhaps this was best 
seen in his frequent quotation from the creations of W. S. Gilbert’s genius. He had a 
disarming candour which was always effective. His great earnestness of character gave 
him a wide and humane sympathy. He brought to the hospital ward an overwhelming 
desire to allay suffering. His co-operation with clinical practitioners to seek a remedy 
for human ills gave him an abiding satisfaction. 

The University of Toronto has expressed gratitude for his great services as a teacher 
and has put on record in a memorial from the Faculty of Medicine its high appreciation 
of him as a man and as an investigator of signal merit and achievement. The concluding 
paragraph of this memorial may here be quoted. ‘“‘ The memory of a gentleman who 
quietly but persistently pursued and finished a considerable work, who spread an influence 
among his students and associates of kindly earnestness, and who lived in harmony with 
his own high ideals, will remain and merge with that vast body of tradition which gives 
a University a soul.” Many in this country will mourn the untimely loss of one whose 
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elevation of spirit, and love of things beautiful and seemly, possessed a very special flavour 
for all who enjoyed his friendship. 
W. N. Hawortn. 





FREDERICK BEAUMONT HIRST. 
1875—1935. 


FREDERICK B. Hirst was born in Dewsbury in 1875, and was educated at Batley Grammar 
School. On leaving school he was apprenticed to a local chemist, Alderman Smith-Ward. 
He qualified as a chemist and druggist and later as a pharmaceutical chemist. One of his 
early appointments was on the staff as demonstrator at the old Turner’s College of Phar- 
macy, Manchester, where he gained experience of great value in after-life. 

After holding many posts of a responsible nature, Hirst became associated with the co- 
operative movement in 1908 and was appointed chemist to the Batley Co-operative Society. 
This position he held until 1918; he then moved to York to fill a similar position with the 
York Co-operative Society. In 1921 he again transferred his activities to Bolton—still 
in the co-operative movement—where he had the responsibility of opening the department. 
This post he held until shortly before his death on May 18th, 1935. 

During the War he was actively associated with the Volunteer Defence movement, 
holding the rank of Captain. 

A man of numerous interests, he will probably be known to most as a result of his 
lecturing engagements. From early days this had been his favourite occupation outside 
business, and of late he had fulfilled numerous engagements in the north of England, speak- 
ing on dietary matters, a subject upon which he was well informed. Some two years ago he 
was the subject of much publicity in the national newspapers as a result of an association 
he had made with the world’s loneliest island—Tristan da Cunha. The inhabitants of 
Tristan knew Hirst as their “ fairy godfather” on account of his having taken every 
opportunity for a long time of sending them medical necessities, etc., and corresponding 
with them. 

He was married in 1900, and has left a widow and a son and a daughter. The inter- 
ment took place at Dewsbury Cemetery on Tuesday, May 2Ist. 

Hirst was elected a Fellow of the Chemical Society on June 21st, 1923. 

C. SALT. 





CARL LANGER. 
1859—1935. 


CARL LANGER, who died on March 3rd, 1935, on the ‘‘ Homeric” while returning from a 
cruise to the West Indies, was the son of a manufacturer and was born on December Ist, 
1859, at Sonnenthal near Briisau in Moravia, a province of Austria. Shortly afterwards 
his parents moved to Budapest and he became a Hungarian subject. On leaving school 
he went in 1877 to study chemistry under Victor Meyer at the Polytechnikum at Zurich; 
two of his contemporaries there were Treadwell and Karl Markel. In 1880 he received the 
diploma of Technical Chemist and in the following year was appointed Meyer’s assistant. 
In 1882 he obtained his Ph.D., his thesis being entitled ‘‘ Ueber Gesetzmissigkeiten bei der 
Substitution aromatischer Amine.”’ He was also engaged with Meyer on research on the 
dissociation of gases at high temperatures. On his professor’s recommendation he was, in 
1883, offered a post with the Badische Anilin und Soda Fabrik at Ludwigshafen; while 
there he discovered an orange aniline dye, but his name is not mentioned in the patent. In 
1885 Ludwig Mond, requiring a research chemist, at Markel’s suggestion, approached 
Langer; Mond eventually obtained permission from the B.A.S.F. for Langer to terminate 
his agreement and he settled in England, working at Mond’s private laboratory at Avenue 
Road, St. John’s Wood, London. He was engaged on two main problems : (1) the genera- 
tion of cheap electric current and (2) the recovery of the chlorine which was at that time 
wasted in the ammonia-soda process. It is well known how research on the latter problem, 
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followed by further work on a method for eliminating carbon monoxide from hydrogenous 
gases which were wanted for use in Mond and Langer’s gas battery, resulted in the discovery 
of nickel carbonyl. The carbonyl patent was taken out in 1890 and from then on Langer 
worked continuously, perfecting the process. 

Arrangements were made with Henry Wiggin & Co., nickel refiners of Birmingham 
(now a subsidiary of the Mond Nickel Co.), for the erection by Dr. Ludwig Mond at their red 
Jead and tin oxide works at Smethwick of an experimental plant, where Langer worked out 
the details of the process. In 1898 he went to Canada with Dr. B. Mohr and negotiated 
for Mond the purchase of the Victoria and Garson Mines in the Sudbury area. 

The erection of a refinery at Clydach near Swansea was decided upon in 1899 and was 
commenced in September of that year. The layout and most of the plant were designed 
by Langer and remain as a monument to his genius as a chemical engineer. On the 
formation of the Mond Nickel Co., Ltd., in 1901 he was appointed Managing Director and as 
such supervised and directed the refinery operations of the company until his retirement. 

Langer was a man of distinguished bearing, strong character and of very firm opinion. 
He was much respected and liked by his staff and workpeople, and was keenly interested in 
all matters affecting the welfare of them and their families. In this connexion he was 
responsible for the Mond Nickel Co.’s housing scheme at Clydach. One of his main hobbies 
was photography, in which he was an expert and often made his own cameras; he was very 
clever in working in wood and metal and spent a large portion of his leisure hours in his 
workshop at home. 

He lived close to the works at Ynyspenllwch, Clydach, but in 1916 moved to Buckle- 
bury Place near Reading, as he had to leave the district by his doctor’s orders, following a 
serious operation which he underwent in Swansea in the previous year; he, however, con- 
tinued to visit the works frequently. In 1928 he retired and went to Switzerland, where he 
built a house on the shores of Lake Zug. In 1887 Langer married Miss Marie Dukat of 
Agram, Croatia, by whom as well as by two sons and one daughter he is survived. He was 
elected a Fellow of the Chemical Society in 1885. 

C. M. W. GRIEB. 





JOHN WALTER LEATHER. 
1860—1935. 


THE life of the late J. W. Leather will be deservedly kept in memory as that of one of 
those who have been largely responsible, during the last forty years, for the development of 
scientific work in relation to Indian agriculture, as well as to tropical agriculture generally. 

Leather was born in 1860, at Rainhill in Lancashire. After leaving school, he entered 
his father’s chemical factory in St. Helens and there served an apprenticeship to chemical 
work. He was sent, in 1883, to study chemistry under Kekulé at Bonn, where he stayed 
for three years. Leaving the University in 1886 with the degree of Ph.D., he accepted the 
appointment of senior assistant to Dr. J. A. Voelcker, the consulting chemist to the Royal 
Agricultural Society of England, and held this post for six years. During this time he 
developed very high technical skill in chemical work in connexion with agricultural prob- 
lems, a skill which he retained throughout his career. He originated several new methods, 
and at least one of these—a process for the detection of castor seed in feeding stuffs—is 
universally used to the present day. In 1891 he became professor of chemistry at the Harris 
Institute, Preston, but the call to his real life work, in India, came before he had settled 
down there. 

In 1892, as a result of the recommendations of Dr. Voelcker in his report on the improve- 
ment of Indian agriculture, the Secretary of State for India decided to appoint a chemist 
and an assistant chemist to the Revenue and Agricultural Department of the Government 
of India, and Leather was selected for the former appointment. It was in this position 
of agricultural chemist to the Government of India, and in that of Imperial agricultural 
chemist which followed it in 1906, that Leather did what may be regarded as his life work. 
There he remained with few intervals until, in 1916, he retired and settled down in Malvern. 








1346 Obituary Notices. 


Leather’s appointment in India led to his having to range the length and breadth of the 
country, studying and advising upon the various problems which were placed before him 
by the authorities of the several provinces. He was, in fact, the only chemist attached to the 
agricultural departments in India. His activity was very great, but it was an almost 
impossible position. His publications during this period (most of which appeared in the 
Agricultural Ledger, then edited by Dr. G. Watt) were varied and numerous. They include 
the first general account of Indian soils, the first series of analyses of Indian manures, 
studies of alkali and salt lands, studies of sugar-cane, including the composition of the Indian 
varieties, and a multitude of other questions. On the whole, the conditions under which 
Leather worked at this time did not permit him to push any of his many inquiries to a 
final issue in the improvement of methods or the better utilisation of Indian resources. A 
summary of his work during this stage of his Indian career is contained in his final report 
on the first five years of the work of the Agricultural Chemist to the Government of India, 
issued in 1897. 

The more congenial part of Leather’s Indian work came in 1904, when the Imperial 
Research Institute at Pusa was founded, and he settled down as head of the chemical 
department of that Institute, as Imperial Agricultural Chemist. Asa result of his activities 
there, we have a series of publications, most of them in the Memoirs of the Department of 
Agriculture in India. These deal with such subjects as the water requirements of crops in 
India, the composition of Indian rain and dew, soil temperatures in India, the problems of 
drainage and the loss of water from the soil in the tropics, and the interchange of calcium 
carbonate and carbon dioxide in soil under tropical conditions. It cannot be said that the 
work he did was of a spectacular character, but he gave us a valuable collection of data that 
did not exist before, and which nobody else has gathered together. With its limits, his . 
results are always reliable, and for several generations many workers will bless the name of 
Leather for the careful observation which can form a sound basis for real agricultural 
advances to be initiated by others. 

So far as his work generally was concerned, Leather was essentially a laboratory worker. 
Of his industry there was no doubt, and he was highly revered by the various assistants 
who worked under him during the long period of his activities in India. He had a great 
capacity for friendship, and there are many who look back to their association with him 
as a time when they were initiated into accurate laboratory investigation and into that 
close study of a limited objective which was a special characteristic of his work. 

H. H. MANN. 





SIDNEY MORGAN. 
1878—1934. 


THE writer’s acquaintance with Sidney Morgan extends back to October, 1905, when he 
entered the Royal College of Science as a student in training. He followed what was then 
the usual three years’ course, taking chemistry, physics and mathematics in the first session, 
mechanics and geology in the second, and finally the third year chemistry course. His 
student career was highly creditable and in July, 1908, he was awarded the A.R.C.Sc. in 
Chemistry. On leaving college, Morgan obtained a teaching post at the Jewish Free School, 
Bell Lane, Middlesex Street, and held it until 1910, when an opportunity occurred of 
recommending him for the post of a scientific officer to the Rubber Growers’ Association. 
He seized with eagerness this chance of securing appointment in an important branch of 
chemical technology and his subsequent career thoroughly justified this selection. On 
proceeding to the Federated Malay States he became Resident Assistant Chemist to the 
Malaya Research Fund of the Rubber Growers’ Association. In this capacity it was his 
function to place the technique of the preparation of plantation rubber in Malaya on a 
scientific basis. The practical importance of this pioneering work was highly appreciated 
by the Rubber Growers’ Association and the first edition of Morgan’s treatise on “ The 
Preparation of Plantation Rubber ”’ was published by this Association in October, 1913. 

In the same year Morgan was appointed Senior Scientific Officer in Malaya and from that 
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time until the date of his resignation in 1920 he continued to make important scientific 
contributions to problems of rubber preparation. Many of these are described in the 
editions of his book which appeared in 1922 and 1927. These two editions were written 
in collaboration with Dr. H. P. Stevens. The treatise is an indispensable work of reference 
to all interested in the technology of rubber. 

In 1910 Morgan joined the firm of Macfadyen Wilde & Co. as a visiting agent and at the 
time of his death he was a director of several plantation rubber companies. 

Sidney Morgan had an essentially realistic mind and was more attracted to the practical 
aspects of rubber problems than to the more fundamental questions of rubber chemistry 
and physics. Although somewhat reserved in discussions of such matters, he was personally 
keen and enthusiastic about his technological problems. He served the Rubber Growers’ 
Association faithfully and played a considerable part in establishing its prestige. For this 
Association he compiled a digest of patents dealing with rubber and latex as applied to 
road construction. This summary was published by the Association in 1933. During 
1934 he visited the East again to inspect the rubber estates in which he was interested and 
he died on Christmas eve of that year. 

Sidney Morgan was discriminating in the choice of his friends, but those who knew him 
intimately bear tribute to his genial personality and kindness of heart. 

In October, 1917, he married Nell, second daughter of the late Mr. and Mrs. A. F. G. 


McQuade of Sydney, New South Wales, who survives him. 
G. T. MorGAN. 





SIR JAMES WALKER. 


Born April 6th, 1863; Died May 6th, 1935. 


CHEMISTRY in general, and physical chemistry in particular, suffered a great loss in the 
death of Emeritus-Professor Sir James Walker, President of the Chemical Society in the 
years 1921—1923. Walker had retired from his occupancy of the Chair of Chemistry 


at the University of Edinburgh in 1928, but relinquished none of his interests in the science 
on retiral. Not only did he continue to function actively on many committees—such as 
the Advisory Council for Scientific and Industrial Research, the University Grants Com- 
mittee, and the Carnegie Trust—but he maintained for several years an active connection 
with his old department, visiting it almost daily, participating in a most stimulating way 
in its various research activities, and lightening the administrative load of his successor 
by wise and kindly advice whenever solicited. . 

His many friends hoped that this Indian summer of a busy life-time would prove of 
long duration, but it was not to be. As his body weakened, his visits grew regretfully 
rarer, but his keenness of intellect and cheerfulness of outlook persisted practically to 
the very end. An instance may be given in relation to a meeting held by the Chemical 
Society of the University of Edinburgh only two weeks before his death. This gathering 
was originally planned as a diamond jubilee celebration, the official records of the society 
going back only to 1874, but just before the function was held it was discovered that 
the society actually existed in 1785, when Joseph Black was professor of chemistry, and 
was thus in fact celebrating its sesqui-centenary as the oldest chemical society in the world. 
Sir James, although too ill to attend, delighted the society with the following message : 
“T send my congratulations, and I feel sure that although the origin was ‘ Black,’ the 
members of the Edinburgh University Chemical Society will make the future brilliant.” 

As the protagonist of the classical school of physical chemistry in Great Britain during 
the last forty years, it fell to Walker’s lot to prepare the obituary notices for the Chemical 
Society of several of his distinguished continental colleagues, and to deliver the Memorial 
Lectures for van ’t Hoff and Arrhenius, with both of whom he had been on terms of intimate 
friendship since the start of his scientific career. It is characteristic of Walker’s innate 
thoughtfulness and generosity that, bearing in mind the difficulties he had encountered in 
establishing many of the personal details contained in these notices, he prepared after his 
retiral a collection of ‘‘ Autobiographical Notes ” expressly in order to lighten the burden 
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of his own future historian. To those who knew Walker, these notes will reproduce his 
spirit far more vividly than any words of another could possibly succeed in doing. To 
those who did not know him, they will provide an insight into the human side of his 
character which could be obtained by no other means. They are therefore reproduced 
verbatim below. 

* * * * * * * * ok 

My people are all Angus people. My grandfather, James Walker, came from Brechin 
to Dundee to start business as a master flax-dresser. My father, James Walker (b. 26 May, 
1842; d. 6 April, 1904), followed in the same line, but as hand-dressing was gradually super- 
seded by machine-dressing, he became ultimately a flax merchant. At the age of twenty 
he married Susan Hutchison Cairns (b. 1 March, 1838; d. 25 April, 1901), daughter of 
Arthur Cairns, Dundee. The only child of this marriage, I was born in Dundee on 
6 April, 1863. _I first went to the school attached to St. Peter’s church, but as I was thought 
to be somewhat delicate in health at the time I was on medical advice withdrawn, and did 
not attend school again until I entered the High School of Dundee at the age of ten. In 
those days there was no school curriculum and each department had its independent head. 
In selecting classes the main object which the boys, if not their parents, had in mind was 
to secure if possible two consecutive play-hours. By resolutely avoiding classics I was 
in some years fortunate enough to attain the desired end. In retrospect the teaching seems 
to me to have been very good, English, French and Science standing out specially in 
my memory. A few years before I left school a science department was instituted under 
Frank W. Young, a young man full of enthusiasm and an inspiring teacher who instilled 
into many of us boys an enduring love for science. 

At the age of sixteen I had passed the St. Andrews University local examinations, but 
I had no desire to continue formal study at a university, and chose rather to enter a business 
office. I was apprenticed to David Low, a flax and jute spinner, and during three years 
of my apprenticeship gained some knowledge of business men and business methods. 
The time spent in acquiring this experience I have never regretted. I found the office 
work by no means heavy and had plenty of time for discursive study as well as amusement. 
Mr. Young in addition to his school duties conducted evening science classes in the Y.M.C.A. 
building of the town, and there with a number of my old schoolfellows I attended lecture 
and laboratory courses in continuation of what we had done under him at school. My 
serious interest in science was increasing during this time, and at the end of my apprentice- 
ship when I was offered the choice of going to Russia to gain acquaintance with the flax 
trade there, or of entering a university, I chose after considerable hesitation the latter 
course, the balance being turned by a chance meeting with a former school friend, somewhat 
senior to myself, who described in glowing terms the delights and advantages of student 
life in Edinburgh. A by-product of my connection with the flax trade, which afterwards 
proved of use to me in chemistry, was that in view of my possible move to the Baltic 
Provinces I had acquired a slight reading knowledge of Russian. This enabled me later 
to read Mendeleieff’s treatise on chemistry when no translation into Western languages 
existed, and also to earn an honest penny as abstractor of Russian papers for the Journal 
of the Chemical Society. 

An obstacle to my entering the University was my previous neglect of classics, for at 
that time Latin was a compulsory subject of the University entrance examination, and I 
had had no Latin at school. However, two months’ intensive study was sufficient to see 
me through, and I matriculated at the University of Edinburgh in October, 1882. 

There was no Faculty of Science in the University, although degrees in Science were 
given. The classes which I took out were Mathematics (Chrystal) and Natural Philosophy 
(Tait) in the Faculty of Arts, and Chemistry (Crum Brown), Botany (Dickson) and Natural 
History (Cossar Ewart) in the Faculty of Medicine. The last two were for me quite sub- 
sidiary subjects and I paid little attention to them. In the others I liked the work and 
took a respectable place in the classes. Chrystal’s incisive style and Tait’s clear exposition 
I greatly enjoyed, but my leaning was towards Chemistry. The elementary class of 
Chemistry was then attended almost entirely by medical students who had in general no 
interest in the science and made life a burden to the Professor. The first year’s laboratory 
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instruction was a rigid mechanical system of test-tubing, of no practical or educational 
value, and much below the level of the instruction I had had years before under Mr. 
Young. Entering the advanced class was like entering a new world. Crum Brown’s 
lectures on organic chemistry were of enthralling interest. He selected a few topics, 
and discussing them in detail really gave one an idea of what scientific method meant. 
The laboratory up to the degree stage was entirely devoted to qualitative analysis, but it 
was qualitative analysis properly taught under the direction of John Gibson, a pupil of 
Bunsen, who rigorously adhered to the exacting principles of the master. One was forced 
to understand what one was doing, and the occasional introduction of the rarer elements 
made separations by systematic routine tables impracticable. As it happened, my 
attendance in the laboratory was at a period of transition when conditions were far from 
normal. In the summer of 1884 I worked in the advanced laboratory, and should have 
attended it in the following winter also. The Chemistry Department, however, was in 
process of transference from the Old College to the University New Buildings (the Medical 
Buildings in Teviot Place), which were nearing completion and were partly occupied. At 
the beginning of the academic year 1884—1885 the former chemistry department in the 
Old College had been wholly given over to Zoology, and while the lecture-rooms and the 
elementary practical class-rroom had been for some time ready in the new buildings, 
the advanced laboratory was still in the hands of the workmen, with the result that during 
the winter session 1884—1885 no laboratory instruction was given at all. I was anxious to 
take the final B.Sc. Examination in April, so to meet my case Crum Brown arranged in 
the early spring that I should have, in a small room which had just been finished, an 
intensive course of analytical chemistry from John Waddell, the junior laboratory assistant. 
It was an excellent plan; I duly passed the examinations in Chemistry and Physics, and 
graduated as B.Sc. in April, 1885. 

As it was now definitely my intention to seek an academic career in chemistry, I con- 
tinued to work in the laboratory, mostly at quantitative analysis. Amongst fellow- 
workers were Orme Masson, Hugh Robert Mill, P. C. Ray, and Alexander Smith. With 
Smith I formed an early and lasting friendship. 

In those days the degree of Doctor of Science could be obtained one year after gradua- 
tion as Bachelor. When I asked to be allowed to begin a research with the object of 
presenting a thesis for the degree, I was told (rightly enough, no doubt) that I was not yet 
ripe for that. But I had neither time nor money to spare, and thought that if I were not 
permitted to do such work in Edinburgh I might manage to get it done in Dundee, where 
the University College had been founded in 1882. I went to interview Thomas Carnelley, 
the professor of chemistry there, and told him my difficulties and plans. Carnelley had 
built an admirable laboratory, and was eager to receive research workers. Accordingly, 
he accepted me and I spent the University vacations in his department, working early and 
late, and was able to send in a thesis to the University of Edinburgh, entitled “‘ The 
Dehydration of Metallic Hydroxides by Heat,” which was accepted. I was then allowed 
to proceed to examination, and graduated as D.Sc. in April, 1886, along with John Waddell 
and Hugh Robert Mill. The following summer and winter I spent as demonstrator in the 
Edinburgh laboratory. Amongst the students were John Shields, who afterwards col- 
laborated with Ramsay in the well-known work on surface tension, and Hugh Marshall, 
the discoverer of the persulphates, and later my successor in the Chair of Chemistry at 
Dundee. 

In those days it was practically imperative on anyone seeking a career in academic 
chemistry to spend some time in a German University, and the question arose as to which 
University I should choose. My own inclinations were towards physical chemistry. 
In 1887 I had read Lothar Meyer’s “ Theoretische Chemie,” van ’t Hoff’s “‘ Etudes de 
dynamique chimique,” and the first volume of Ostwald’s ‘‘ Lehrbuch der allgemeinen 
Chemie.” I was greatly attracted by Ostwald’s book, and should have liked to work 
under his guidance, but Baltic friends advised me against going to Riga, where Ostwald 
then was, and I decided in the end to follow Alexander Smith to Baeyer’s laboratory 
in Munich. As I had done little practical organic chemistry in Edinburgh—my first and 
almost only organic preparation was phenylhydrazine at a scholarship examination—I 





1350 Obituary Notices. 


resolved to spend the summer session of 1887 in Carnelley’s laboratory, where I received 
from him a very thorough training in combustion analysis. On arriving in Munich I soon 
performed the necessary organic preparations and combustions, and was placed as a re- 
search student under Ludwig Claisen, who set me to work on the condensation of benz- 
aldehyde and ethyl acetate under the influence of sodium ethoxide. Baeyer I scarcely 
ever saw; as far as I remember, he spoke a few words to me only once. 

Meanwhile, I learnt from the Zeitschrift fiir phystkalische Chemie, the first volume of 
which was then appearing, that Ostwald had been appointed as professor of physical 
chemistry at Leipzig in October, 1887. Although I liked working with Claisen, the prospect 
of studying physical chemistry under Ostwald had superior attractions, so at the end of the 
winter session I left Munich for Leipzig. 

Ostwald received me in a very friendly manner, and set me a theme which I was able 
to finish in the summer session. The old laboratory in Briiderstrasse which Ostwald 
occupied afforded ample room for the small number of research workers who had then 
found their way to him. We were of very varied nationality with seldom more than one 
example of each nation. As far as my recollection goes, there was only one genuine 
German research student in the physico-chemical laboratory. I worked in the same room 
as Wilhelm Meyerhoffer, who later became van ’t Hoff’s chief collaborator. We were 
greatly stirred by a visit which Arrhenius paid to Ostwald that summer, and were overjoyed 
to make his acquaintance. Although few worked in Ostwald’s physico-chemical laboratory, 
his lectures on physical chemistry were well attended by students who came from the main 
institute, which was under the direction of Wislicenus. Ostwald’s chief assistant was 
Ernst Beckmann, who was, however, in a practically separate section of the department, 
being concerned with the teaching of students of pharmacy, nominally under Ostwald’s 
charge. Walther Nernst was appointed assistant in the physico-chemical laboratory, 
but little call was made on his time for teaching. When I returned to Leipzig in 1888 
after the summer vacation, the number of workers in physical chemistry had considerably 
increased. Arrhenius came as an independent researcher, and relieved Nernst when the 
latter had to take an enforced holiday on account of an illness. He took a keen interest 
in the work on the affinity constants of bases on which I was engaged, and used some of 
my results in his fundamental paper on salt-hydrolysis. 

I graduated as Ph.D. in July, 1889, and left Leipzig to take up the post of research 
assistant to Crum Brown, a post which I held for three years. I was not on the University 
staff, but was permitted to deliver courses of lectures to advanced students on various 
branches of physical chemistry. My work with Crum Brown was interesting, if arduous. 
He was brimful of ideas and my chief difficulty was to get one tried out before the next 
came along. He had lost touch with laboratory work and had little appreciation of 
practical difficulties. One day he mentioned that he had once electrolysed sodium ethyl 
tartrate in the hope of preparing, by an electro-synthesis analogous to that of Kolbe, the 
ethyl ester of a tetrahydroxyadipic acid, but had not succeeded in obtaining anything. 
This seemed to me an admirable notion, and I thought it would be worth while to apply 
it toa simpler case. As it happened, Crum Brown succumbed to the influenza epidemic 
then raging and by the time he returned to duty I was able to show him a quantity of 
diethyl succinate which I had prepared by the electrolysis of potassium ethyl malonate. 
This opened the way to an extensive research on the electro-synthesis of dibasic acids, 
and on this I was engaged during the rest of my stay with Crum Brown. He was very 
generous in allotting me time for my own work, so that I was able also to continue research 
on the physico-chemical lines of Leipzig. 

In this period falls the inauguration of the Alembic Club. The assistants in Chemistry 
used to lunch together in a dark and dismal chamber of execrable proportions imposed by 
the handsome external architecture of the building. They were John Gibson, Leonard 
Dobbin, Hugh Marshall, Alexander Smith, and myself. We constituted ourselves into a 
club and arranged meetings outside working hours to discuss chemical problems of interest. 
Later we undertook the publication of fundamental papers of historical interest bearing 
the title of ‘“‘ Alembic Club Reprints.” Leonard Dobbin, our secretary, played the chief 
part in this venture, which met with a gratifying success. 
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As Ostwald’s first English pupil I was of some assistance in introducing the modern 
physico-chemical theories into this country. I had translated into English Ostwald’s 
‘‘ Grundriss der allgemeinen Chemie,” and helped in the defence of the new theories against 
the violent opposition which they at first encountered, The meeting of the British Associa- 
tion at Leeds in 1890 was distinguished by a historic discussion of these theories in which 
van ’t Hoff and Ostwald took part. Arrhenius was unable to be present, but he entrusted 
me with the reading of a paper, which waswell received. This meeting was for me personally 
of decisive importance, for there I made the acquaintance of William Ramsay, who was the 
solitary well-known chemist in this country to accept with heartiness the theories of 
osmotic pressure and electrolytic dissociation. Ostwald introduced me to him, pronouncing 
my name in the German fashion, and we conversed for a long time in German before Ramsay 
discovered he was speaking to a fellow Scot, I promptly made up my mind to work in 
Ramsay’s laboratory as soon as an opportunity offered. 

At the time of the meeting of the British Association which was held at Edinburgh in 
1892 and was attended by Ramsay, Arrhenius, and Ostwald, the research on electro- 
synthesis with Crum Brown was practically at an end, and I now resolved to carry out my 
plan of working with Ramsay. Crum Brown offered me a post on the University teaching 
staff, but I felt that the time had come for me to make a move, and so in the autumn 
I entered Ramsay’s laboratory in University College, London, as a research worker in the 
hope of sooner or later obtaining a teaching post there. This hope was after a year ful- 
filled, and in 1893 I became Ramsay’s second assistant. My teaching duties were heavy, 
and I had practically to give up research work in the Laboratory. Norman Collie was 
my senior on the staff, and amongst the students were Morris W. Travers and E. C. C. 
Baly. Annie Purcell Sedgwick, who afterwards became my wife, was a research student 
under Collie. 

In 1894 the Chair of Chemistry in University College, Dundee, fell vacant through the 
resignation of Percy Frankland, and I had the good fortune to be selected to fill this post 
in my native town. The first few years of my tenure were made memorable by an academic 
dispute of an unusual nature. The College had been “ affiliated and made to form part of ’’ 
the University of St. Andrews. On my appointment I became, therefore, a member of the 
Senatus of the University, and took part in University business. The validity of the 
legal steps which had been taken to effect the union was, however, contested, and it was 
decided by the House of Lords that the union was invalid. The professors of the College 
then ceased to be members of the University, and their classes no longer by right qualified 
for St. Andrews degrees. Other measures were now taken to carry out the union in a 
more binding fashion, and after a protracted contest, the House of Lords ultimately decided 
that the affiliation in its new form was valid, and once more we were admitted to the 
Senatus of the University, and our position as University teachers regularised. This 
occurred in the year 1897, and on 1 September of the same year I was married. My 
son, Frederick Walker,* was born on 18 August, 1898. 

During the fourteen years of my occupation of the Dundee chair, the Chemistry de- 
partment grew, though somewhat slowly. I was happy in haying excellent assistants 
(Fred. J. Hambly, J. R. Appleyard, and their successors John Lumsden and J. K. Wood) 
who made the teaching work of the Chair light, and collaborated with me in research. 
Of the kindness and helpfulness of my chemical colleague in St. Andrews, Thomas Purdie, 
I have the warmest and most grateful memory. He was indeed one of the salt of the earth. 

Amongst those who studied with me were John Johnston, who became head of the 
chemistry department of Yale University, S. A. Kay and A. C. Cumming, a research 
student from Melbourne, both of whom were afterwards associated with me in Edinburgh. 
The laboratory planned by Carnelley was not completed in his time. Frankland added a 
portion, and I the remainder. The experience of laboratory construction and equipment 
I gained stood me in good stead later. 

In 1908 Crum Brown resigned and I was appointed to succeed him in the Chemistry 
Chair at Edinburgh. By this time the science laboratories of the Edinburgh department 
had become, notwithstanding recent extensions, hopelessly inadequate for their purpose. 
* Now Lecturer in Geology and Geography. in the University of St. Andrews.—]. K. 
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It was difficult to secure sufficient accommodation for ordinary advanced students, and 
such research students as there were had to be squeezed into any odd corner. 

I at once began to agitate for a new department, but had to be content for some years 
with a little additional space at High School Yards (another University site), at first in a 
wooden shed, and later in the basement of an addition to the Physics Laboratory. This 
splitting of the department was very inconvenient but had to be endured, as any further 
extension of the main laboratories was impossible. 

On assuming office in Edinburgh I found that two practically identical elementary 
courses of lectures were given, one to a large number of male students, mostly medical, 
and the other to a small number of women students, who were not at that time permitted 
to attend any medical class. I was empowered to rearrange matters by splitting the 
elementary class not according to sex, but according to faculty. A purely medical lecture 
course was established, the teaching being adapted to the requirements of the students 
in their medical curriculum. Science students attended the other course, which was of a 
more general character, and this course the medical women also attended until, nearly a 
decade later, they were allowed to mix with the medical men. 

In 1913 the University Court allocated a site at High School Yards for a new chemistry 
department, plans for which were nearing completion when the Great War broke out. 
Beyond a sudden depletion of the classes due to students volunteering for service, the 
war did not at first make any great change in the department, but as time went on and the 
prolonged nature of the struggle was realised the male students practically disappeared 
except in the medical class, which owing to the demand for doctors in the army remained 
almost normal. 

In 1915 there was a sudden outcry for high explosives, the supply of which had been 
found very defective. Trinitrotoluene (T.N.T.) in particular was demanded in large 
quantities, and it occurred to A. C. Cumming, now a member of the Edinburgh Chemistry 
staff, that it might be possible to utilise a local manufacture of sulphuric acid in producing 
this explosive. At that time very little oleum (fuming sulphuric acid) was made in this 
country, and it was imperative that the nitration of toluene should be carried out not by 
means of oleum but by means of ordinary concentrated acid which was available in much 
larger amounts, and could be recovered from spent acid. Published literature showed 
that the use of oleum could be avoided and experiments were started to evolve a suitable 
two-stage process for the production of the explosive on a large scale. Negotiations were 
entered into with the Munitions branch of the War Office, and in order to effect a contract 
with the Government a private company was formed, the Lothian Chemical Company 
Limited, of which the members were A. C. Cumming, J. W. Romanes and myself. 
Romanes, an Edinburgh graduate, had had considerable industrial experience, and was 
at the time engaged in the laboratory on technical research work. A process was worked 
out and plant installed in a disused chemical factory, which was staffed, as far as manage- 
ment and chemists were concerned, entirely by teachers, graduates or students of the 
University. From the beginning the working of the factory was successful, and we had the 
distinction of being the only firm to complete its original contract for T.N.T. within 
the specified time. Other contracts followed, but as the factory was in a populous district 
of the city, the liability toexplosion led the Ministry of Munitions to ask us to act as managers 
in the construction and running of a Government factory in the outskirts. We selected 
as site the yards of disused quarries at Craigleith, and the works erected there were known 
as H.M. Factory, Craigleith. They remained active till the end of the War. 

The period of demobilisation and the years succeeding it brought grave problems to 
the University. There was the certainty of a huge influx of ex-service men as students 
into the already insufficient laboratories. In 1912 I had urged the foundation of a new 
chemistry Chair devoted to the requirements of students of medicine, and it was now seen 
that the establishment of this professorship would at least ease the burden of teaching in 
the crowded years tocome. The University Court therefore founded the Chair of Chemistry 
in Relation to Medicine, and George Barger became its first incumbent in the summer of 
1919. The other problem was the immediate provision of laboratories. It was seen that 
the scheme of 1913 was unsatisfactory, as the site would not give the necessary accommoda- 
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tion. After a careful inspection of all the ground available in the neighbourhood of the 
University, it was evident that no suitable site existed there for the purpose. I suggested 
that the most convenient location of new buildings would be near the then terminus of 
the tram-line running south past the Old College. A piece of land adequate to the needs 
of the chemistry department could be obtained there, but it was felt that a larger scheme 
providing for other scientific laboratories should be envisaged, and ultimately the adjacent 
King’s Buildings site of 112 acres, situated on West Mains Road, was purchased. A begin- 
ning was made to build the chemistry department in November, 1919. The laboratories 
were constructed and occupied in three successive sections to meet the needs of the large 
classes as they passed from year to year. The foundation stone of the building was laid 
by the King in July, 1920, and the completed building was opened by the Prince of Wales 
in December, 1924. One of the main features in the new laboratories was the provision 
made for research workers. Hitherto it had been impossible to encourage students to 
remain on after graduation, but now that space was available, and now that the research 
degree of Ph.D. had been instituted, an increasingly large number of post-graduate workers 
made use of the laboratories. 

After twenty years’ service in the University I resigned the Chair in September, 1928, 
and was succeeded by James Kendall, whom I had found in Edinburgh as a second year 
student when I took over the Chair from Crum Brown. 

* * * * * * * * * 

It remains to discuss briefly the scientific work of Sir James Walker. Although his 
pre-eminence in physical chemistry overshadowed his activities in other fields, Walker 
was also a skilled organic chemist, and his success in attacking purely technical problems 
was exceptional. As an example of his investigations in organic chemistry, his remarkable 
work on the electrosynthesis of dibasic organic acids (Trans. Roy. Soc. Edin., 1891, 36, 211; 
1893, 37, 361) may be cited. Regarding his prowess on the industrial side, it will suffice 
to record the statement of the Department of Explosives Supply that the nitrogen economy 
figures for H.M. Factory, Craigleith, during the months of September and October, 1918, 
constituted a record for the country. Nevertheless, to quote from a lecture which Sir 
James was invited to deliver before the Chemical Society in 1919, describing the operation 
of this factory (J., 1920, 117, 382), “ it is certain that if the production had continued, an 
immediate further saving of at least 2 per cent. would have been effected, the alteration 
in the plant necessary to secure this being practically ready at the date of the armistice.” 

In physical chemistry itself, Walker’s contributions are too numerous for detailed 
mention. Fortunately, it is altogether unnecessary to describe his research work here at 
any length, since he seemed to possess an uncanny facility for selecting simple problems of 
fundamental importance, with the result that his main investigations—for instance, on 
ionisation constants, on hydrolysis, on amphoteric electrolytes, and on many other aspects 
of the van ’t Hoff-Arrhenius theory of solutions—have long been incorporated in the 
standard text-books and are familiar even to beginners. Walker’s own “ Introduction to 
Physical Chemistry ”’ first appeared in 1899 and has since passed through ten editions. 
Its most significant feature is its “ readability ’’ and it has probably assisted more students 
towards an easy, yet sound, appreciation of the subject than any other single volume. 
The writer of this article has even seen it in use in a small town in the interior of Finland 
as a text-book for a class in English ! 

Simplicity was, indeed, the key-note of all Walker’s activities; in research, in teaching, 
and in administration he always took the direct route. Another striking point in his 
character was his tenacity ; no problem, once taken up, was dropped until every single detail 
connected therewith had been made clear. In his last years he was still unofficially super- 
vising work at Edinburgh on Kolbe’s electrosynthesis and the transformation of cyanates 
to ureas—topics which he had first attacked forty years ago. A third trait was his adapt- 
ability. In an age of increasing specialisation, he retained to the end an unusually wide 
range of interests, and kept himself up-to-date in a great many diverse fields. _Remember- 
ing the bitter controversies in which he participated, as a young man, while the revolu- 
tionary ideas regarding the nature of solutions were being forced upon his reluctant seniors, 
he was always particularly open-minded with respect to the work of the new generation 
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of physical chemists which has recently effected a second revolution in this same field. 
As he remarked quite complacently, “if they can see further than Arrhenius, it is, after 
all, only because they are standing on Arrhenius’s shoulders.” 

Walker’s abilities and services to chemistry were recognised by many honours. The 
Royal Society of Edinburgh awarded him the Makdougall-Brisbane Medal at the beginning 
of his career in 1895, and the Gunning-Victoria Jubilee Prize at its close in 1933. He was 
elected to the Royal Society of London in 1900, and gained its Davy Medal in 1926 “ for 
his work on the theory of ionisation.’”’ His presidency of the Chemical Society in 1921— 
1923 was distinguished by two notable addresses, the first on ‘‘ The Réle of the Physicist 
in the Development of Chemical Theory ” (J., 1922, 121, 735), the second on “ Symbols 
and Formule ” (J., 1923, 123, 939). He was also president of the Chemistry Section of 
the British Association in 1911, vice-president of the Royal Society in 1927—1928, vice- 
president of the Royal Society of Edinburgh in 1916—1919, and vice-president of the Society 
of Chemical Industry in 1925—1928. He was an LL.D. of the Universities of St. Andrews 
and Edinburgh, and in 1921 he received a knighthood. 

Few men, however, had less desire for honours than Walker. He carried his learning 
with singular modesty, and worked unselfishly always for his department and for his 
profession. His scientific progeny, including not only those who have studied directly 
under him but those who have been inspired by his writings, are legion. Wherever physical 
chemistry is mentioned among English-speaking chemists, the first name that springs to 


mind is the name of Sir James Walker. 
JAMES KENDALL. 





JAMES ALFRED WILKINSON. 
1873—1934. 
In Prof. J. A. Wilkinson, who died in Johannesburg on October Ist, 1934, after a very 


brief illness, South Africa loses a man of many parts who exercised an important réle in 
the development of science and education in the country of his adoption. 

He was born at Shawforth, near Manchester, on June 10th, 1873, and was educated 
at Manchester Grammar School and at Caius College, Cambridge. Not only did he win 
many scholastic and academic distinctions, but he was athletic champion of his school 
for three years in succession. Going to South Africa in 1902 as Science Lecturer to the 
Transvaal Education Department, he became Professor of Chemistry at the newly con- 
stituted Transvaal Technical Institute in Johannesburg in 1904 and-held that rank in the 
various institutions that evolved from that body until it attained the status of the University 
of the Witwatersrand, latterly adding to his duties that of the Chair of Chemical Engineer- 
ing. He retired from the two Chairs on reaching the age limit in 1934. He married 
Lilian Elizabeth Hudson in 1912 and had one son, who is, at present, an undergraduate 
in the Faculty of Medicine at the University of the Witwatersrand. 

As was inevitable where a centre of learning had to be built up from practically nothing, 
Wilkinson was unable to engage in original work, but he contributed a number of papers 
on general scientific and educational subjects to various South African Journals. He 
laboured greatly, however, in the cause of higher education in Johannesburg and the 
strong position of the University, in general, and of its chemical department, in particular, 
owes much to his untiring efforts and great organising ability. His lectures were always 
interesting, as he took great pains in their preparation and in the devising of experiments, 
but his special pride was his school of Chemical Engineering, which he built up alone and 
in the face of some opposition and which has produced men who have been conspicuously 
successful in after-life. 

Wilkinson had a good deal of the pugnacity and doggedness of the north-countryman, 
but he was always on the side of the angels and fought many a battle for what he thought 
were the bests interests of the University and its students. He was greatly admired by all 
those who worked under him and was unstinting in his efforts to help his students while 
at the University and in after-life; the last letter the writer received from him after his 
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retirement and shortly before his death was a very detailed one on behalf of one of his 
old students who was coming to England. He also gave of his time to the athletic activities 
of the students and was President of the University Athletic Club. 

In spite of his manifold activities at the University, Wilkinson played an important 
part on the larger stage. He took a great interest in Red Cross work and was first Chairman 
of the Executive Committee of the South African Red Cross Society. He was also a 
member of the Committee of the Johannesburg Public Library, of the Commission for the 
Preservation of National and Historic Monuments in South Africa, and of the Council of 
St. Mary’s Cathedral. He was a past-President of the Chemical, Metallurgical and Mining 
Society, the South African Chemical Institute, and of the South African Association for the 
Advancement of Science, and as Chairman of the Executive Committee of the last body 
in 1929 he did much to make a success of the visit of the British Association for the 


Advancement of Science to South Africa in that year. 
O. L. Brapy. 





JAKOB MEISENHEIMER. 
1876—1934. 


JakoB MEISENHEIMER, Professor of Chemistry in the University of Tiibingen, who died 
on Dec. 2nd, 1934, in his 59th year, was born at Griesheim a.M. on June 14th, 1876. He 
came of peasant stock. His father, like most of his forefathers, was a farmer, leading a 
simple life on the land. Yet his was a remarkable family, for both he and his elder brother 
Johannes (who held the Chair of Zoology at Leipzig) attained scientific distinction and were 
called to University Professorships at comparatively early ages. 

Meisenheimer’s school years were spent at a classical gymnasium, but from his boyhood 
he had shown a strong inclination towards natural science. He studied chemistry at the 
University of Heidelberg from 1895 to 1896 and then went to Munich. At Munich he 
found himself in a most inspiring environment. He worked in Baeyer’s laboratory and 
carried out his course of research for the doctor’s degree under Thiele, of whom he always 
spoke with great admiration. Willstatter was working in the same room, and here began 
his friendship with Wieland, a friendship which lasted throughout life and found beautiful 
expression in a lecture which Wieland gave in his memory in the Horsaal of the Chemical 
Institute at Tiibingen. 

Meisenheimer passed his doctor’s examination at Munich in October, 1898, summa cum 
laude, and he used to relate with some pride that Baeyer examined him for nine minutes 
only instead of the hour prescribed. It was at Munich also that he found that love of the 
mountains that he never lost. Every year, except the War years and those immediately 
following, when travel was difficult, he spent several weeks in his beloved Tyrol. He was 
a skilful climber and made many ascents, always without a guide, accompanied only by a 
friend or, after his marriage, by his wife. 

After taking his doctor’s degree he remained in Munich as assistant to Thiele until 
1904; he then went to Berlin to take up the post of lecturer at the Landwirtschaftliche 
Hochschule under Buchner. When Buchner left in 1909 to become Professor of Chemistry 
at Breslau, Meisenheimer was appointed to succeed him as Professor of Chemistry and 
Director of the Institute. While Assistent at this Institute he met his future wife, Fraulein 
Elmire Thiel, daughter of Ministerial-Direktor Dr. Hugo Thiel of the Prussian Ministry 
of Agriculture. She had begun a Doktor Arbeit under his direction, but left it uncompleted 
on account of her marriage, which took place in July, 1909. With two sons and two 
daughters she survives him. 

At the outbreak of war in 1914 he took the field with the Garde-Reserve-Korps and 
served in Belgium, East Prussia, Poland and France, finally as Captain and Commandant 
of a Pioneer Battalion. He received the iron cross, second and first class. 

In the last year of the War—in April, 1918—he was appointed to the Professorship of 
Chemistry at Greifswald, and in October, 1922, he received the call to succeed Wilhelm 
Wislicenus as Director of the Chemical Institute of the University of Tiibingen. 
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Here in this ancient university town on the Neckar—that still retains so much of its 
mediaeval charm—he lived in the official house of the Director adjoining the Laboratory 
in the Wilhelmstrasse and very near to the old Chemical Institute where his predecessors 
in his office, Lothar Meyer and von Pechmann, had lived and worked. 

Meisenheimer had an intense love for his work and strictest honesty in it. His work 
was characterised by scientific thoroughness. 

He was very reserved, but his kindliness, his unaffected manner, and his quiet humour 
made his personality one of no little attractiveness. He had no great worldly ambition ; 
the position he filled was such as he would have desired, and his life was a happy one. 
Even in the last two years when he came under the shadow of a mortal disease he had his 
happy hours and he never lost his sense of humour. He worked almost till the end. 

His scientific investigations extended over a wide variety of subjects, but he will be 
remembered chiefly for his outstanding contributions to the stereochemistry of nitrogen. 
The earliest of these was his demonstration of the molecular dissymmetry of suitably 
substituted amine oxides (Ber., 1908, 41, 3966). On general principles the presence of 
four different radicals in a non-planar compound should suffice to produce molecular dis- 
symmetry. In the ammonium salts, however, the experimental evidence (due largely 
to H. O. Jones and his co-workers) indicated that all five of the radicals attached to the 
nitrogen must be different for the salt to be resolvable into antimeric forms; if two were 
alike, the salt was non-resolvable. Meisenheimer now showed in a paper entitled ‘‘ A new 
kind of asymmetry associated with the nitrogen atom ”’ that methylethylaniline oxide (or 
its hydrate) could be resolved into optical antipodes through its a nema 


ad 
= 


He regarded this as proving that a compound of quinquevalent nitrogen could in fact 
exist in antimeric forms although two of the valencies were attached to like radicals. In 
the compounds examined by Jones the two like radicals were linked to the nitrogen by 
valencies of the same kind (co-valencies), whereas in the amine-oxides (written with a double 
bond between the oxygen and the nitrogen where a “‘ co-ordinate ’’ or ‘“‘ semipolar ”’ link is 
now believed to exist), and in their hydrates, they were attached by valencies of different 
kinds (one electro- and one co-valency). Meisenheimer regarded this discovery as giving 
strong support to Werner’s new theory of ammonium salts and indicating the probability 
of a tetrahedral configuration of the ammonium ion. He was thus led to adopt what is 
now the general view of the structure and configuration of these substances. With his 
pupils he subsequently resolved many other compounds of this type, and one of these, 
methylethylallylamine oxide (Annalen, 1922, 428, 252), is of special interest as the only 
purely aliphatic ammonium compound which has as yet been resolved into optical antipodes. 

He also gave an ingenious experimental proof that the fifth valency in quinquevalent 
nitrogen compounds was chemically different from the other four (Amnalen, 1913, 397, 
273). Trimethylamine oxide gave a methiodide which with sodium hydroxide generated 
the base (I). On the other hand, the hydriodide of this amine oxide gave with sodium 


(1.) [Me;N-OMe]OH [Me,N*OH]JOMe IL.) 


methoxide the isomeric methoxide (II). The isomerides were distinguished by their 
behaviour on heating; (I) gave formaldehyde, trimethylamine, and water, (II) gave 
methyl alcohol and trimethylamine oxide. 

Investigation of the corresponding phosphorus compounds, the phosphine oxides, led 
also to interesting results. In contrast to the ammonium salts, phosphonium salts of the 
type [PR,R,R,R,]X, R,4 being hydrocarbon radicals, have resisted all attempts at 
resolution, but Meisenheimer found that the salts of the phosphine oxides [PR,R,R,(OH)] X 
could be resolved without any special difficulty (Ber., 1911, 44, 356; Annalen, 1926, 449, 
213) and these are still the only optically active compounds known which owe their dis- 
symmetry to phosphorus. 


NC 
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His most valuable contribution to stereochemistry was probably his proof of the correct 
spatial interpretation of the Beckmann transformation of oximes. The observation that 
in this intramolecular change stereoisomeric oximes give structurally isomeric amides was 
made by Hantzsch in 1891, but the assumption on which he based the method almost 
exclusively used for fixing the configuration of the ketoximes—that in this transformation 
the hydroxyl of the oximino-group changes places with the radical on the same side—went 
without experimental control for nearly 30 years, although its entirely arbitrary character 
was well recognised (e.g., Werner, “‘ Lehrbuch der Stereochemie,” Jena, 1904, 277; 
Bucherer, “‘ Lehrbuch der Farbenchemie,” Leipzig, 1914, 202). 

Meisenheimer put this assumption to experimental test and found that it was erroneous : 
his work thus led to the reversal of the whole system of oxime configurations built up on 
the results of the Beckmann change. The proof depended on a highly ingenious method 
which he devised for determining the configuration of the benzil monoximes, based on the 
only reliable chemical means for fixing the configuration of geometrical isomerides—that 
of relating one of the isomerides to a cyclic compound. His plan consisted in the oxidative 
fission of the ethylenic linking in triphenyl#sooxazole (III) by formation of an ozonide and 
its decomposition by water. This should yield the benzoyl derivative of a benzil monoxime 
which would necessarily have the syn-configuration (IV). The fission was found to proceed 


PhC——CPh PhC CPh 
(IIT.) O 
PhC N av, 
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smoothly at room temperature and the product proved to be the benzoate of the 6-mon- 
oxime. The @-monoxime is therefore the syn-isomeride. Hantzsch, however, had assigned 
the anti-configuration to it, since its Beckmann transformation yielded benzoylform- 
anilide. The production of benzoylformanilide from the syn-isomeride proves that 
that in this case the Beckmann change involves the ¢rans-, not the cis-interchange of the 
radicals. Meisenheimer pointed out that if a trans-interchange is taken to represent the 
Ph:CO—C——-Ph 
| A Ph-CO—C—NHPh 
HO—N 

normal course of the transformation, the chemistry of the oximes becomes in many ways 
more reasonable and intelligible than if the configurations based on the older view are 
assumed. 

He made it exceeding probable that the ¢vans-interchange was indeed the normal course 
of the transformation by showing that in two other cases also—each of a very different 
type from the foregoing—it likewise proceeded in the ¢vans-manner. 

The former of these cases was that of the isomeric oximes of 2-bromo-5-nitroaceto- 
phenone, and the method employed was analogous to that used by Brady and Bishop to 
determine the configuration of an aldoxime. Meisenheimer showed (Amnalen, 1926, 446, 


NO CMe 
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207) that in alkaline solution, in which the oximes exist as anions (V) and (VI), one form 
undergoes ring-closure with elimination of a bromine ion and formation of a benztsooxazole 
(VII) very much more readily than the other. This reactive form must necessarily have 
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the syn-(aryl)-configuration (V). The other, more stable isomeride, which must accordingly 
be the anti-(aryl)-form (VI), was found to pass by the Beckmann change into the sub- 
stituted acetanilide (VIII). The Beckmann change therefore here also takes the trans- 
course. 

The third case was one of special interest by reason both of the ingenuity of the design 
and of the experimental skill required for its execution. He prepared the substituted 
naphthyl methyl ketone (IX) and showed that it gave rise to two isomeric oximes (X and 
XI). He then determined their configurations in a very ingenious way. He had been 
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much interested in the optical isomerism discovered by Kenner in the diphenyl series and 
had independently formed the view that it was due to a purely mechanical steric hindrance 
of intramolecular rotation. He had moreover provided important experimental evidence 
in favour of this view by resolving the compound (XII) (Ber., 1927, 60, 1425), in which 
the substituent groups are of such a nature that they scarcely offer the possibility of any 
other kind of interaction. On the basis of this view he predicted that the oxime (X) would 
have restricted rotation about the axis indicated and should be resolvable. The isomeride 
(XI), having of course free rotation, should be non-resolvable. He showed that one of the 
oximes could in fact be resolved, its optical activity disappearing, as it should do, some- 
what rapidly, while the other was non-resolvable. The configurations of the two oximes 
were thus determined, and here also the Beckmann transformation was found in each case 
to take the ¢rans-course. 

He devoted a very great deal of attention to the stereochemistry of compounds of the 
amine type. He had long been convinced of the pyramidal arrangement of the nitrogen 
valencies in substances of this class and he provided indirect experimental evidence of it 
by his synthesis of quinuclidine (XIII), the tricyclic compound from which one half of the 
molecule of the cinchona alkaloids is derived (Annalen, 1920, 420, 190). He found that it 
was formed with such readiness from the piperidine derivative (XIV) and showed such 

Hi rs 
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extraordinary stability and resistance to chemical attack as to indicate strongly that it 
must have a strainless molecule : and if its molecule is strainless, then the normal arrange- 
ment of the nitrogen valencies must be pyramidal. He did a great deal of work in en- 
deavouring to resolve different types of unsymmetrically substituted amines and in dis- 
proving various supposed cases of isomerism attributed to non-planar 3-co-ordinate nitrogen. 
A paper which he read at the meeting of the British Association at York in 1932 dealt with 
the former topic. 

Among the variety of other subjects which he investigated was alcoholic fermentation. 
He had worked on this with Buchner and never lost his interest in it, returning to it several 
times in later years. The subject in which he was chiefly absorbed towards the end of his 
life was one on which he had been engaged while still a young Assistent at Munich—the 


Me NH, 
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problem of substitution and addition. He had hoped with the aid of the newer physico- 
chemical methods to probe more deeply into the nature of these fundamental processes, 


but death overtook him before he could bring his investigations to a completion. 
W. H. MILLs. 





320. The Mechanism of Polymerisation Reactions. Part IV.* 
a-Phenylbutadiene. 


By E. BERGMANN. 


THE catalytic dimerisation of simple unsaturated compounds has been shown by various 
authors to proceed according to the general scheme : 
CR,R,:CH, + CR,R,:-CH--H —> CR,R,(CH;)*CH°CR,R, 

There is an obvious tendency to form a methyl group by displacement of an activated 
hydrogen atom (see Whitmore, Ind. Eng. Chem., 1934, 26, 94), and it may be expected 
that the same scheme is valid also for diene compounds. Actually, the results of Wagner- 
Jauregg (Annalen, 1931, 488, 176; 1932, 496, 52) and of Midgley and Henne (J. Amer. 
Chem. Soc., 1929, 51, 1294) support the view that the first step in the catalytic polymeris- 
ation of isoprene consists in an open-chain dimerisation. Formally, however, the dimeris- 
ation of dienes appears to occur so that the 1 : 4-system of one molecule reacts with the 
1 : 2-double bond of the other. For asymmetrically substituted dienes the question arises 
as to which of the ethylene linkages of the second molecule participates in the condensation. 
With isoprene, both possibilities occur, m- or p-menthadiene being produced according 
as the double bond concerned is that remote from or adjacent to the methyl group (see, 
e.g., Wagner-Jauregg, loc. cit.). 

From a-phenylbutadiene, only one dimeric product is formed, but its structure had not 
been determined. Lebedev (Chem. Zenir., 1914, i, 1407; 1923, i, 1539) found that on 
oxidation it yields benzoic acid and a tricarboxylic acid, C,,H,,0,. If dimerisation occurs 
as in the case of isoprene, the formation of benzoic acid indicates that the CHPh°:CH bond 
of the second reacting molecule does not participate in the ring formation. The two possible 
schemes are therefore : 

CHPh CHPh CHPh CHPh 


_ V4 
file, as Gi CH-CH:CHPh On N CH-CHICHPh 
cx 7 a CH = ‘CH:CHPh CH + CH, —>CcH CH, 


ae Neff, Nou, NG, 


On oxidation the two cyclic compounds should give benzoic acid and either 3-phenyl-n- 
butane-«83- or -«y3-tricarboxylic acid, respectively. The second acid (I) was therefore 
synthesised from ethyl propane-a«y-tricarboxylate and ethyl phenylbromoacetate, 


CH,(CO,R)*CH,*CH(CO,R). —> CH,(CO,R)-CH,C(CO,R),*CHPh-CO,R 


CH,(CO,H)-CH,*CH(CO,H)-CHPh-CO,H = (L-) 
but was different from the acid obtained by oxidation. The first acid was synthesised 
by Duff and Ingold (J., 1934, 87), but this also was not identical with the acid in question. 

It was then found that the acid is the «§y-tricarboxylic acid (II) synthesised by Duff 
and Ingold (loc. cit.; compare Rydon, this vol., p. 421; Ingold and Rydon, ibid., p. 857). 
It therefore follows that the dimeric hydrocarbon is 2-benzyl-1-styryl-A*-cyclopentene 
(III), oxidation occurring as follows : 

CHPh:CH-CH——CH-CH,Ph CO,H-CH-CH(CH,Ph)-CO,H 
CH, CH —_ PhCO.H + CH,°CO,H 
III.) 3 (II.) 


* Part III: Bergmann and Taubadel, Ber., 1932, 65, 463. 
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The outcome is unexpected and appears to prove that the dimerisation follows a course 
similar to that of simple ethylenes (see above), involving the formation of an open-chain 
hydrocarbon by displacement of one hydrogen atom of the methylene group (1 : 4-addition). 
Migration of one of the double bonds leads to the formation of a conjugated system in 
which the one of the hydrogen atoms marked with an asterisk is activated by the conjugated 
system and may migrate with the formation of the five-membered ring. The formation 
of dipentene from isoprene probably follows the same sequence: acyclic dimerisation by 
displacement of one hydrogen atom (1 : 4-addition), allylic rearrangement, and cyclisation. 


CHPh:CH-CH:CH, + CH,:CH-CH:CHPh —» CHPh:CH:-CH:CH:CH,°CH:CH-CH,Ph 


CHPh:CH-CH:CH-CH:CH-CH,-CH,Ph 


The above formulation of the phenylbutadiene dimerisation may appear anomalous in 
view of the fact that the migrating hydrogen atom does not form a methyl group, as is 
usual in the dimerisation of simple ethylenes (see above); but possibly the phenylated 
carbon atom exerts an attraction on the displaced hydrogen, for phenylated ethylenes 
combine readily with sodium (see Schlenk and Bergmann, Amnalen, 1930, 479, 42). 


EXPERIMENTAL. 


The dimeric phenylbutadiene was prepared according to Klages and Riiber (Ber., 1904, 
37, 2274); b. p. 210—212°/12 mm. 

§-Phenyl-n-butane-xy8-tricarboxylic Acid.—The propanetricarboxylic ester was prepared by 
the usual method, the following quantities being boiled under reflux for 3 hrs. : ethyl malonate 
(98 g.), sodium (15 g.), alcohol (250 c.c.), ethyl 8-chloropropionate (90 g.); it had b. p. 160—162°/ 
13 mm. (Found: C, 55-4; H, 7-5. Calc. for C,,H»O,: C, 55-4; H,7-7%). (Itis not necessary 
to start with the bromo- or iodo-propionate, as described in the literature.) This ester (66 g.) 
was added to a suspension of sodium powder (5-8 g.) in benzene (200 c.c.); after solution of the 
metal, ethyl phenylbromoacetate (45 g.) was introduced, the mixture refluxed for 3 hours, treated 
with water, and concentrated, and the residue distilled; b. p. 230—234°/16 mm. The slightly 
yellow oil crystallised after some time; m. p. 42° (Found: C, 62-5; H, 7-1. Calc. for C,gH 90, : 
C, 62-6; H, 7-1%). The ester (10 g.) was heated with 18% methyl-alcoholic potassium hydr- 
oxide solution (300 c.c.) for 3 hours, the methyl alcohol distilled off, the residue dissolved in 
water and twice extracted with ether, and the solution acidified. The crude acid isolated by 
extraction with ether and evaporation was a mixture (1: 2) of the tri- and the original tetra- 
carboxylic acid. Decarboxylation was accomplished by 1 hr.’s heating at 130°; the product 
crystallised on trituration with benzene and was recrystallised from a large quantity of water; 
m. p. 163—165° (slight decomp.) (Found: C, 58-5; H, 5-8. C,,;H,,0, requires C, 58-6; H, 
53%). 

3-Phenyl-n-butane-aBy-tricarboxylic Acid.—The condensation of ethyl sodiobenzylmalonate 
with ethyl fumarate (Duff and Ingold, /oc. cit.) gives poor results; it is better to combine ethyl 
sodiomalonate (42 g. of malonate) with ethyl fumarate (45 g.) and then to benzylate 66 g. of 
the resulting tetracarboxylic ester by means of 5 g. of sodium and 25 g. of benzyl chloride in 
100 c.c. of toluene. One of the four carbethoxy-groups is split off, and the oily product has the 
composition of ethyl 8-phenyl-n-butane-aBy-iricarboxylate. Both methods lead to a mixture 
of two diastereoisomeric esters of different b. p. (220—230°/19mm.; 230—240°/9 mm.) (Found : 
C, 64-6; H, 7-3, and C, 65-8; H, 7-7, respectively. C,,H,,O, requires C, 65-2; H, 7-4%). 
Hydrolysis of the higher-boiling fraction gave the acid, m. p. 168° (Ingold and Duff give m. p. 
165°); whereas hydrolysis of the lower-boiling fraction afforded a small quantity of the stereo- 
isomeric acid (see Duff and Ingold), which was identical (m. p. and mixed m. p.) with the acid, 
C,,;H,,0.4, prepared from dimeric phenylbutadiene according to Lebedev’s procedure (/oc. cit.). 


The foregoing experiments were partly carried out together with Dr. Hans Taubadel in the 
laboratory of the Friedrich Wilhelm University, Berlin. 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Received, March 6th, 1935.] 
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321. The Rearrangement of Thiocyanates into isoT hiocyanates. 
By ERNsT BERGMANN. 


Most of the typical intramolecular rearrangements are characterised by the fact that the 
migrating radical suffers no change in constitution during the process; ¢.g., a p-chloro- 
will never be converted into an o- or m-chloro-phenyl group. The only exception to this 
rule is the rearrangement of phenyl allyl ethers (Claisen, Annalen, 1919, 418, 78), (I) —~> 
(II), and this may be explained as follows: Between the carbon atom (3) of the allylic 


OH 


Nowy (OK . (Oey CH, (1) 
al las NK a On (2) 


3) @)" 
(I.) (II) 


system and the o-position of the benzene nucleus a co-ordinate link is formed and becomes 
strengthened, with consequent loosening of the bond between the nucleus and the oxygen 
atom. Reorganisation of the molecule may then occur, as shown in the above formule 
(in which the omission of the allylic double bond is intentional). 

If the above explanation is valid, the same type of intramolecular rearrangement might 
be anticipated in ali cases of similar allyl compounds; and, indeed, Schlenk and Bergmann 
(‘‘ Lehrbuch der organischen Chemie,” 1932, Vol. I, p. 609) have represented the well- 
known rearrangement of allyl thiocyanate into the zsothiocyanate as follows : 


CH, Pas CH, 
i ’ & NY cf \ 
du, if Sine w, 6 ty e 


~ er iS aM 


The validity of this hypothesis may be tested by Claisen’s device, viz., by using an 
unsymmetrically substituted allyl radical. Our starting material was cinnamyl thio- 
cyanate (III), readily prepared from cinnamyl bromide and potassium thiocyanate. 
According to the above scheme, its rearrangement should give phenylvinylcarbinyl iso- 
thiocyanate (IV), whereas the classical type of rearrangement should lead to cinnamyl 
isothiocyanate (V). Actually, the latter substance was obtained, and hence the classical 
scheme applies to this process. 

Since the reaction between cinnamyl bromide and potassium thiocyanate might have 
been accompanied by structural change, we proved that the constitution of our starting 
material was really (III) by hydrogenating it; the same compound (VI) was obtained as 
by condensation of y-phenylpropyl bromide and potassium thiocyanate. Further, the 
structure (III) is supported by the fact that it gives benzoic acid on oxidation. 


(III.) CHPh:CH-CH,SCN. (IV.) CHPh(NCS)-CH:CH,. (V.) CHPh:CH-CH,N:C:S. 
(VI.) CH,Ph-CH,-CH,°SCN. (VII.) CHPh!CH-CH,"NHy. 

(VIII.) CHPh!CH-CH,NH-CS‘NHPh. (IX.) CHPh(NH,)-CH:CH,. 

(X.) CH,Ph-CH,-CH,-N<(CO),>C,H,. (XI.) CHPh:CH-CH,*N <(CO).>C,H,. 


When (III) is warmed it is converted into the isothiocyanate, the structure of which 
was established by the fact that with aniline it gives a disubstituted thiourea (VIII) 
identical with that formed from cinnamylamine (VII) and phenyl ¢sothiocyanate. Further, 
in order to ensure that the “ cinnamylamine ”’ did not have the isomeric structure (IX), 
which might have arisen in its preparation from cinnamyl chloride and potassium phthal- 
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imide, followed by hydrolysis, since the first stage of the reaction involves directly one 
carbon atom of the allylic system (in the second stage, no allylic rearrangement can take 
place, for the hydrolysis does not involve the allylic system), we hydrogenated the 
‘“‘cinnamylphthalimide,” obtaining phthalo-y-phenylpropylimide (X), identical with that 
prepared from potassium phthalimide and y-phenylpropyl bromide. The structure (XI) 
is thereby confirmed for the phthalimide. 


EXPERIMENTAL. 


Cinnamyl Thiocyanate (III).—Potassium thiocyanate (12 g.), dissolved in 75% alcohol 
(40 c.c.), was mixed with cinnamyl bromide (Rupe and Buergin, Ber., 1910, 43, 173) (20 g.) in 
alcohol (40 c.c.) at a low temperature. The whole mass solidified to a thick crystalline cake, 
which was triturated with alcohol (20 c.c.), and then, after 4 hr., with water (200 c.c.). The 
white needles obtained were recrystallised from light petroleum; m. p. 68°; yield, 15 g. 
(Found: N, 8-2. C, 9H,NS requires N, 8-0%). Cinnamyl chloride may be used instead of 
the bromide. Oxidation of the thiocyanate (0-123 g.) in acetic acid (10 c.c.) by chromic acid 
(1 g. in 40 c.c. of acetic acid) gave benzoic acid (20 mg.). 

y-Phenylpropyl Thiocyanate (VI).—(a) Solutions of.ammonium thiocyanate (9-5 g.) in 75% 
methyl] alcohol (40 c.c.) and of yphenylpropyl bromide (20 g.) (Rupe and Buergin, /oc. cit. ; 
b. p. 128°/28 mm.) in methyl alcohol (100 c.c.) were mixed, kept during 3 days at room 
temperature, then boiled for 1 hr., poured into water, and extracted with ether; the residue 
was distilled in a vacuum; yield, quantitative; b. p. 180°/30 mm. (Found: N, 7-6. C, 9H,,NS 
requires N, 7-°9%). The thiocyanate has an intensely vesicant effect. 

(b) Cinnamyl thiocyanate (III) (3 g.) in boiling propyl alcohol (35 c.c.) was treated with 
hydrogen for 2 hrs. in presence of palladised barium sulphate. The filtered solution, which 
had become extremely irritating, was evaporated. The oily residue was triturated with ice- 
cold methyl alcohol, leaving undissolved initial material; from the filtrate, nearly 2 g. of 
y-phenylpropy] thiocyanate were obtained, b. p. 180°/30 mm. 

Cinnamyl isoT hiocyanate (V).—The thiocyanate (4-5 g.) was heated under reflux in a vacuum 
for 1 hr., and the product distilled, affording 2-5 g. of a yellow oil, b. p. 162°/12 mm. (Found : 
C, 68-0; H, 5-1; N, 7-6. Cy9H,NS requires C, 68-6; H, 5-1; N, 8-0%). 

s.-Phenylcinnamylthiourea (VIII).—Aniline (1 g.) and cinnamy] isothiocyanate (1 g.) were 
mixed in ethereal solution. On addition of alcohol, crystallisation set in; recrystallisation 
from ethyl acetate—ligroin afforded 0-7 g. of the thiourea, m. p. 119°, identical with that pre- 
pared from phenyl isothiocyanate and cinnamylamine (Posner, Ber., 1893, 26, 1860). 

Phthalo-y-phenylpropylimide (X).—(a) Potassium phthalimide (18-5 g.) and y-phenylpropy] 
bromide (20 g.) were heated at 150° for 6 hrs. The mass, which smelled strongly of 6-pheny!l- 
propaldehyde, was triturated with dilute potash solution, sucked dry, and treated with water 
and ether. The residue crystallised immediately and was recrystallised from methyl alcohol 
containing a little acetone; prismatic crystals, m. p. 61°; yield, 12 g. (Found: N, 5-6, 5-5. 
C,,H,,0,N requires N, 5-6%). 

(b) Phthalocinnamylimide (XI) (3 g.) was hydrogenated as above, and the filtered solution 
evaporated; the remaining oil crystallised after 2 days, and on recrystallisation from methyl 
alcohol afforded prisms (2-5 g.), m. p. and mixed m. p. with product from (a) 61°. The sub- 
stance (XI) was prepared (Posner, Joc. cit.) by heating potassium phthalimide (18-5 g.) and 
cinnamy] chloride (15-2 g.) at 160° for 4 hours; recrystallised from propyl alcohol, it formed 
needles (6 g.), m. p. 156°. 


Some of the above work was carried out in the laboratory of the Friedrich Wilhelm 
University, Berlin, in collaboration with H. Corte. 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Received, March 6th, 1935.) 
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322. Migration of Allyl Groups in the Ethyl Acetoacetate Series. 
By Ernst BERGMANN and HERBERT CORTE. 


THE starting point of our experiments was Claisen’s observation (Beilstein, Erganzungsband 
3, p. 185) that the interaction of ethyl 8-methoxycrotonate and allyl alcohol in presence 
of ammonium chloride gives ethyl C-allylacetoacetate : 


CH,-C(O-CH,):CH-CO,Et > CH,°C(O-CH,*CH:CH,):CH-CO,Et 


CH,-CO-CH(CH,*CH:CH,)-CO,Et 


The hypothetical intermediate ethyl allyloxycrotonate was supposed to suffer a rearrange- 
ment analogous to that of phenyl allyl ether into o-allylphenol (see, inter al., Claisen, 
Annalen, 1919, 418, 78). Although in the phenol series the rearrangement is accompanied 
by a transposition * of the migrating allyl group, nothing is known regarding the reaction 
in the ethyl acetoacetate series, which is of particular interest because the rearrangement 
of allyl thiocyanate does not follow the same course as that of phenyl allyl ether (see 
preceding paper). 

The available evidence in the ethyl acetoacetate series is conflicting, and in order to 
elucidate the matter we have used the cinnamyl group as an unsymmetrically substituted 
allyl group. 

(a) The interaction between cinnamyl chloride and ethyl sodioacetoacetate in benzene 
under anhydrous conditions, which, according to Claisen, usually produce C-alkylation 
(Annalen, 1925, 442,210; Busch and Knoll, Ber., 1927, 60, 2243), affords two products : The 
higher-boiling one was ethyl dicinnamylacetoacetate (I), the formation of which is due to the 
same circumstances as “ direct ” dibenzylation of ethyl acetoacetate or malonate (Schlenk 
and Bergmann, “‘ Lehrbuch d. organ. Chemie,”’ 1932, Vol. I, p. 433), the cinnamyl and the 
benzyl group being very similar. The lower-boiling and main product, C,;H,,03, was the 
required monocinnamyl ester (II), which was decomposed by heating with dilute alcoholic 
potash into y-benzylidenebutyric acid (Erlenmeyer and Kreutz, Ber., 1905, 38, 3503) 
and also a ketone, C,;H,,0, proved to be a-phenyl-A*-hexen-e-one (III) by hydrogenation 
to «-phenylhexan-<-one (Borsche, Ber., 1911, 44, 2594). Moreover, the compound (II) 
absorbs 3-4 atoms of bromine, owing to addition at the cinnamyl double bond and nearly 
complete substitution of the mobile hydrogen atom (cf. Arndt and Martius, Amnalen, 
1932, 499, 228). 


(I) CH,:CO-CR,-CO,Et (Il.) CH,CO-CHR:CO,Et 

(III.) CH,-CO-CH,R (IV.) CH,-C(OR):CH, 

(V.) CH,-C(OR):CH-CO,Et (VI.) CH,-C(OR):CR:CO,Et 
(R = -CH,-CH:CHPh.) 

(VIL) CH,!CH-CHPh-CH,°CO,H 


(b) Interaction between ethyl $-ethoxycrotonate and cinnamyl alcohol also gave two 
products. The main product had the formula C,;H,,03, but was not identical with 
(II). It was proved to be ethyl 6-cinnamyloxycrotonate (V) because alkaline hydrolysis 
afforded a non-acid compound, C,,.H,,0, which contained no carbonyl] group but two double 
bonds (bromine absorption), and was therefore cinnamyl isopropenyl ether (IV), which could 
readily arise from (V). 

The second product has the same composition as (I), viz., Cg,H,g03, and the b. p.’s 
are nearly identical, but as it absorbs 5-6 atoms of bromine its formula is (VI), and we have 
to assume that its formation occurs in two stages (see below). (Separate experiments have 
shown that in ethyl ®-ethoxycrotonate the double bond absorbs 1 mol. of bromine.) 
Consequently, the interaction between cinnamyl alcohol and ethyl §-ethoxycrotonate 


* The term “‘transposition’’ means that the atoms connecting the “ migrating group” with the 
trunk of the molecule before and after migration are not identical. 
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is primarily an O-cinnamylation, thus affording support for Claisen’s view that the first 
stage in the allylation of ethyl 6-methoxycrotonate involves the “ enolic ’’ oxygen. [The 
possibility is not excluded that in compounds (IV)—(VI), the “ cinnamyl ”’ group has the 
structure CHPh’CH:CHeg, but such a transposition has never been observed in O-alkylations. } 

(c) The alkaline hydrolysis of (V) gave not only the ether (IV), but also an oily acid, 
C,,H,.0,, which on hydrogenation afforded $-phenylvaleric acid and was therefore 6- 
phenyl-B-vinylpropionic acid (VII). Evidently the alkali treatment of ethyl §-cinnamyl- 
oxycrotonate to some extent leads to a rearrangement, which is accompanied by a “ trans- 
position ”’ of the allyl group as in the case of phenyl allyl ethers; subsequently, degradation 
occurs as usual. 

(d) Ethyl 6-cinnamyloxycrotonate (V) is also isomerised when heated at 260° for several 
hours, the compound (II) being formed; therefore, the rearrangement of (V) need not be 
accompanied invariably by a transposition in the allyl group—both types of reaction 
are possible, one occurring on treatment with alkalis and the other on heating. The thermal 
conversion of (V) into (II) is the reason for the formation of (VI) in reaction (b): in the 
first stage, (V) is formed, this is rearranged into (II), and the enolic form of the latter is 
again cinnamylated on the hydroxyl group. 


EXPERIMENTAL. 


(a) Reaction between Cinnamyl Chloride and Ethyl Sodioacetoacetate.—To ethyl sodioaceto- 
acetate (prepared from 5 g. of sodium and 30 g. of ethylacetoacetate in 100 c.c. of dry benzene), 
cinnamyl chloride (35 g.; Klages and Klenk, Ber., 1906, 39, 2552; Emde, Ber., 1909, 42, 2593) 
was added. After 48 hrs.’ boiling, water was added, and the benzene solution dried and 
evaporated. The remaining oil (15 g.) on fractionation afforded (i) ethyl C-cinnamylacetoacetate 
(II), b.p. 200°/14 mm. [Found : C, 73-0; H, 7-1. C,,;H,,0, requires C, 73-2; H, 7-3%. 0-1690 
G. absorbed 0-1800 g. (= 3-4 atoms) of bromine]; (ii) ethyl dicinnamylacetoacetate (I) (2 g.), 
b. p. 258°/14 mm. (Found: C, 79-9; H, 7-3. C,,H,.O, requires C, 79-6; H, 7-2%). 

Hydrolysis of (II). 7 G. of the ester were boiled for 2 hours with 10% alcoholic potash 
(50 c.c.) and poured into water. The oil which separated was extracted with ether; b. p. 
160°/12 mm.; semicarbazone, m. p. 130° (from benzene-light petroleum). It was proved to be 
a-phenyl-A*-hexen-e-one (III) by hydrogenation in alcoholic solution by means of palladised 
barium sulphate; the resulting «-phenylhexan-e-one was converted into its semicarbazone, 
m. p. 143° (from benzene), identified by mixed m. p. with a sample prepared according to 
Borsche (loc. cit.) (Found: C, 67-5; H, 8-2. Calc. for C,,H,,ON,: C, 67-5; H, 82%). 

The alkaline mother-liquor was acidified and extracted with ether. The residue from the 
ether (1-2 g.) crystallised immediately and was identified (m. p. and mixed m. p.) as y-benzyl- 
idenebutyric acid. 

(b) Reaction between Cinnamyl Alcohol and Ethyl 8-Ethoxycrotonate.—Cinnamyl] alcohol 
(30 g.), ethyl B-ethoxycrotonate (30 g.) (Koll, Annalen, 1888, 249, 324), and ammonium chloride 
(10 g.) were heated for 1 hour at 150°, during which ethyl alcohol and some of the ester distilled 
off. The resulting oil was dissolved in ether and washed with water, the ether evaporated, 
and the residue distilled in a vacuum. Ethyl 8-cinnamyloxycrotonate (18 g.) (V), b. p. 162°/12 
mm. (Found: C, 73-3; H, 7-4. C,s;H,,0, requires C, 73-2; H, 7-3%), was first obtained; 
the residue distilled at about 250°/12 mm. with marked decomposition, and on redistillation 
at 200—210°/5 mm., it afforded ethyl 8-cinnamyloxy-a-cinnamylcrotonate [Found: C, 79-7; 
H, 7-0. C,,H,,O, requires C, 79-6; H, 7:2%. 0-0862 G. absorbed 0-1060 g. (5-6 atoms) of 
bromine]. 

Hydrolysis of (V). 10 G. of the ester (V) were added to 5 mols. of alcoholic potash solution 
(10%) and boiled for one hour. Addition of water precipitated cinnamyl isopropenyl ether 
(IV) as an oil, which was extracted by ether and recovered; b. p. 120—122°/12 mm. [Found : 
C, 82-1; H, 8-0. C,,H,,O requires C, 82-7; H, 8-0%. 0-1562 and 0-1048 G. absorbed 0-2380, 
0-1580 g. (3-4, 3-3 atoms) of bromine]. 

(c) The alkaline mother-liquor from the hydrolysis was acidified and extracted with ether. 
The oily residue (1-2 g.) was 8-phenyl-8-vinylpropionic acid (VII), b. p. 162°/12 mm. (Found : 
C, 74-6; H, 6-9. C,,H,,O, requires C, 75-0; H, 6-8%). 

Oxidation gave only benzoic acid. Hydrogenation of 1 g. in 10 c.c. of alcohol in presence of 
palladised barium sulphate took place readily, and the oil obtained (1 g.) crystallised on standing; 
it was easily soluble in methy] alcohol and light petroleum, so was purified by sublimation in 
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avacuum. The acid melted at 63°, unaltered on admixture with 8-phenylvaleric acid (Reynolds, 
Amer. Chem. J., 1910, 44, 316). 

(d) Ethyl 6-cinnamyloxycrotonate (4 g.) (V) was heated for 6 hours at 260°. From the dark 
brown oil, which was fractionated in a vacuum, only 0-8 g. of a constant-boiling product could 
be isolated; b. p. 170—172°/12 mm. It was identified as (III) by treatment with alcoholic 
potash (10%) as above, and conversion of the oily ketone into its semicarbazone, identical 
(m. p. and mixed m. p.) with that derived from «-phenyl-A*-hexen-e-one. 

The alkaline liquid, on acidification, gave traces of an acid melting at 87°, but different from 

benzylidenebutyric acid. It seems possible that, by a not unusual isomerisation (migration 
of the double bond and subsequent ring closure), 1 : 2: 3: 4-tetrahydro-l-naphthoic acid had 
been formed, for which Baeyer and Schoder (Annalen, 1891, 266, 184) give m. p. 85° (compare 
Bogert and co-workers, J. Amer. Chem. Soc., 1934, 56, 248, 959; 1935, 57, 151, and the similar 
observation of Hoermer and Schenck in the case of «-benzyloxy-y-phenylbutyric acid, Ber., 
1928, 61, 2312). 


The above experiments were partly carried out in the laboratory of the Friedrich Wilhelm 
University, Berlin. 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Received, March 6th, 1935.} 





323. The Rearrangement of Allyl Ethers in the Purine Series, with 
Some Remarks on the Hydrogenation of Allyl Ethers. 


By Ernst BERGMANN and Heinz HEIMHOLD. 


In the preceding paper enolic allyl ethers were reported to be rearranged less smoothly than 
phenolic derivatives into the isomeric C-allyl derivatives. The question whether hetero- 
cyclic allyl ethers behave like the phenol derivatives has not been fully investigated, the 
only data available being that 2-allyloxyquinolone and 4-allyloxyquinaldine are rearranged 
into N-allylquinolone and 4-hydroxy-3-allylquinaldine, respectively (Tschitschibabin and 
Jeletzky, Ber., 1924, 57, 1158; Mander-Jones and Trikojus, J. Amer. Chem. Soc., 1932, 
54, 2570). 

In the course of synthetic experiments in the purine series, we prepared the 2 : 6-dtallyl- 
oxy-7-methylpurine (1; see below) by interaction of 2: 6-dichloro-7-methylpurine and 
sodium allyloxide. On heating, it is isomerised, and it is concluded that isomerisation is 
due to a migration of the allyl group from oxygen to nitrogen because allylamine can be 
detected by its characteristic odour. 1 : 3-Diallyl-7-methylxanthine (II) has a markedly 
higher m. p. than its isomeride (I). 

The proof of structure (I) is based on the following considerations: Fission of the 
0-benzyl linkage by means of hydrogen in the presence of a catalyst has been recorded by 
M. Bergmann (Ber., 1932, 65, 1192, 1201, 1692, and later work; see also Fischer, sbid., 
pp. 337, 345; Freudenberg, Duerr, and Hochstetter, Ber., 1928, 61, 1735; Rosenmund 
and Zetzsche, Ber., 1921, 54, 2038; compare van Duzee and Adkins, J. Amer. Chem. Soc., 
1935, 57, 147). Since the allyl and the benzyl group have very similar chemical properties 
(the comparison extends to pharmacological effects: Ber., 1918, 51, 79; 1921, 54, 2081; 
1922, 55, 3536; 1923, 56, 538; 1926, 59, 1081; 1927, 60, 2551), we have tested the stability 
of the O-allyl linkage towards hydrogen; phenyl allyl ether, on treatment with hydrogen 
in propyl-alcoholic solution, gives 75% of phenyl propyl ether and 25% of free phenol. 
An analogous reaction was applied to compound (I); the hydrogenation took place very 
smoothly and gave heteroxanthine (III). The isomeric 1 : 3-diallyl-7-methylxanthine is 
not converted into heteroxanthine. 

The migration of the allyl group in the rearrangement of phenolic allyl ethers is accom- 
panied by a displacement of the double bond and of the “ outer-valency ” in the group. 
The same is true for the rearrangement in the purine series. The interaction of 2 : 6-di- 
chloro-7-methylpurine and the sodium derivative of A*-hexen-8-ol, CH,->CH:CH-CH(OH):Et, 
gave a product (IV), which underwent rearrangement when distilled in a vacuum, and since 














1366 The Rearrangement of Allyl Ethers in the Purine Series, etc. 


the new product on ozonisation afforded propaldehyde and propionic acid it must have the 
structure (V), showing that the rearrangement was not merely a migration of the hexeny] 
group. The reaction is completely analogous to the corresponding rearrangement in the 
benzene series. 


ite PP EP 

Nn NR-C—N7 NH—-C—N7 

(R = CH, -CH:CH,,) 
(I.) (IT.) (III.) 

N=CO-CHEt-CH:CHMe CHEt:CH-CHMe-N—CO 

Me 0 C—-NS 
. —_ it 
emia CHEt:CH-CHMeN—C—N7 
(IV.) (V.) 


Further proof that the product obtained after distillation is not (IV) is afforded by the 
fact that on hydrogenation it gives no trace of heteroxanthine. 

The splitting of the C—O bond occurs in preference to hydrogenation of the double bond 
of the allyl group, as may be deduced from the fact that 2 : 6-dipropoxy-T7-methylpurine is 
not attacked by hydrogen. 

EXPERIMENTAL. 

2 : 6-Diallyloxy-7-methylpurine (1).—A solution of sodium (0-23 g.) in allyl alcohol (25 g.) was 
heated with 2 : 6-dichloro-7-methylpurine (1 g.; Fischer, Ber., 1897, 30, 2400) in a sealed tube 
at 100° for 3 hours. The sodium chloride was filtered off, washed with alcohol, the filtrate 
evaporated in a vacuum, and the residue recrystallised from ligroin; needles, m. p. 111—112° 
(Found: N, 22-5. C,,H,,0,N, requires N, 22-8%). 

Hydrogenation. This compound (0-75 g.) was hydrogenated for 3 hours in boiling propyl 
alcohol (60 c.c.) in presence of palladised barium sulphate. The filtered solution gave a precipit- 
ate on cooling; by repeatedly extracting the insoluble part of the reaction product (containing 
the catalyst) with the mother-liquor and combining the precipitates, pure heteroxanthine 
(0-23 g.) (III) was obtained, decomp. 360° (Found: C, 43-1; H, 3-7; N, 33-4. Calc. for 
C,H,O,N,: C, 43-3; H, 3-6; N, 33-7%). 

1 : 3-Diallyl-7-methylxanthine (II).—0-1 G. of the diallyl ether (I) was heated at 150° for 2 
hours; the liquid solidified while hot, and on cooling, the mass, which exhibited the typical 
smell of allylamine, was triturated with alcohol and recrystallised from the same solvent; shining 
crystals, m. p. 277—278° (Found: C, 58-3; H, 5-8; N, 22-6. C,,H,,O,N, requires C, 58-5; 
H, 5-7; N, 22-8%). 

1 : 3-Di-(a-methyl-A®-pentenyl)-7-methylxanthine (V).—2 : 6-Dichloro-7-methylpurine (2 g.) was 
added to a solution of sodium (0-45 g.) in A?-hexen-4-ol (20 g.) (Reif, Ber., 1906, 39, 1603; 1908, 
41, 2739; Kyriakides, J. Amer. Chem. Soc., 1914, 36, 663), and heated to 165° for 4 hours ina 
sealed tube with continuous shaking. After cooling, the mass was diluted with 3 vols. of water 
and extracted with ether. After evaporation of the ether, the excess of hexenol was distilled 
off from the mixture, which had an aminic smell. The residue distilled at 215—225°/12 mm. 
as a thick, yellow syrup (Found: C, 65-3; H, 8-0; N, 16-6. C,,H,,O,N, requires C, 65:5; 
H, 7-9; N,-17-0%). Experiments with cinnamy] alcohol or geraniol did not give crystallisable 
products. 

On ozonisation of (V) in carbon tetrachloride solution, the ozonide was precipitated, and 
when the reaction mass was heated with 5 vols. of water, the smell of propionaldehyde appeared. 
The acid liquid .was made alkaline, the solvent and the neutral volatile products removed with 
steam, and the residue acidified and again distilled with steam. The distillate was neutralised, 
evaporated to dryness, the residue dissolved in water, and lead acetate solution added. The 
precipitate was identified as basic lead propionate (see Beilstein, 1920, Vol. II, p. 268). 

Hydrogenation of Phenyl Allyl Ether.—The ether (10 g.; Claisen, Annalen, 1919, 418, 78) was 
hydrogenated for 8 hours in boiling propyl alcohol (35 c.c.) in presence of palladised barium 
sulphate (2 g.). The filtered solution was evaporated, and the residue shaken with 30% sodium 
hydroxide (25 c.c.). The insoluble matter was extracted with ether, and purified by distillation, 
phenyl propyl ether (5 g.), b. p. 69°/14 mm. (Found: C, 79-8; H, 8-4. Calc. forC,H,,O: C, 79-4; 
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H, 8-8%), being obtained. The alkaline solution was acidified, the phenol (2 g.) extracted with 
ether, and identified by conversion into phenyl carbanilate (Leuckart, J. pr. Chem., 1890, 41, 
318), needles, m. p. 123—124°, from alcohol. 

2 : 6-Dipropoxy-7-methylpurine.—2 : 6-Dichloro-7-methylpurine (1-32 g.; Fischer, Ber., 1897, 
30, 2400) was added to a solution of sodium (0-3 g.) in propyl alcohol (35 c.c.) and heated for 12 
hours at 130—140° in a sealed tube with continuous shaking. The solution was filtered, evapor- 
ated in a vacuum, and the residue diluted with water and extracted with ether. The product 
was isolated as an oil, which crystallised on standing. Trituration with light petroleum gave 
0-66 g. of the required substance, which was recrystallised from the same solvent containing some 
ethyl acetate; m. p. 92° (Found: C, 57:3; H, 7:2. C,,.H,,0,N, requires C, 57-6; H, 7-2%). 
The substance was not altered by treatment with palladium and hydrogen. 


The above experiments were carried out in the laboratory of the Friedrich Wilhelm Uni- 
versity, Berlin. 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. (Received, March 6th, 1935.] 





324. Grignard Reactions with Phthalic Anhydrides. 
By CHAIM WEIZMANN, ERNST BERGMANN, and FELIX BERGMANN. 


THE usual synthesis of substituted benzoylbenzoic acids (and anthraquinones) from 
phthalic anhydrides, aromatic hydrocarbons (or derivatives), and aluminium chloride is 
not free from disadvantages : the position in which the second component links with the 
anhydride is not certain a priori; several simultaneous reactions may occur; and the 
aluminium chloride may totally or partly demethylate methoxyl groups or may even 
cause intramolecular rearrangement. 

A less ambiguous method seemed to be indicated by Weizmann and Pickles’s ob- 
servation (P., 1904, 20, 201) that phthalic anhydride reacts with phenyl- or «-naphthyl- 
magnesium bromide to give o-benzoyl- or o-«-naphthoyl-benzoic acid : 


CO COPh CAr,"OH 
CHi<cg>0 + MgBrPh —> CoHs<CO-OMgBr CHC. (I.) 


Here the position in which the anhydride molecule enters is determined by the position 
of the MgBr group, and no subsidiary reaction would be expected. There is, however, 
the possibility that the keto-acid salt reacts further with the Grignard compound to give 
a hydroxy-acid (I) or its lactone, but that can usually be prevented by using excess of the 
phthalic anhydride, 7.e., by adding the Grignard solution to the anhydride. Our experi- 
ments indicate that the tendency for further reaction is largely influenced by substituents, 
but this aspect was not pursued. 

Our results for 16 reactions of this type are tabulated on p. 1369. Some of the resulting 
keto-acids had already been prepared by other methods; e.g., Waldmann and Mathiowetz 
(Ber., 1931, 64, 1713), by condensation of naphthalene with naphthalene-2 : 3-dicarboxylic 
anhydride, had obtained a mixture of 2-«- and 2-6-naphthoyl-3-naphthoic acid, which 
was converted into a mixture of 1:2:6:7- and 2:3:6:7-dibenzanthraquinones. Our 
method, however, gives either the «- or the 8-compound in a state of purity. 

The condensation between phthalic anhydride (or acid) and phenanthrene by means 
of aluminium chloride has been described by Heller (Ber., 1912, 45, 670; compare Clar, 
Ber., 1929, 62, 350) and by Hoechster Farbwerke (D.R.-P. 194,328) as giving an amorphous 
mass or a yellow powder, m. p. 115°; but these products were obviously not identical with 
our well-crystallised o-9-phenanthroylbenzoic acid. The aluminium chloride probably 
facilitated substitution in a second position (cf. Mosettig and van de Kamp, J. Amer. 
Chem. Soc., 1930, 52, 3704). In these cases the Grignard method of synthesis is apparently 
superior to the usual one. Cyclisations similar to the above may be effected easily from 
all the benzoylbenzoic acids. 

Some of the complex systems are sulphonated so easily that it is difficult or impossible 
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to obtain quinones by means of concentrated sulphuric acid, even under mild conditions. 
That effect is especially marked in the case of 0-9-phenanthroylbenzoic acid (see Graebe 
and Peter, Annalen, 1905, 340, 259). 

Apparently the course of the ring closure depends on the experimental conditions. 
The cyclisation of 2-«-naphthoylbenzoic acid with concentrated sulphuric acid leads to 
1 : 2-benzanthraquinone (Weizmann and Pickles, Joc. cit.), but use of a mixture of aluminium 
and sodium chlorides leads to naphthacenequinone (2 : 3-benzanthraquinone), owing to 
an intramolecular rearrangement (compare, ¢.g., I. G. Farbenind., D.R.-P. 491,973; Scholl 
and Tritsch, Monatsh., 1911, 32, 997). 


LY = LY = KO 


While this investigation was proceeding, Komppa and Rohrmann (Annalen, 1934, 
509, 259) described experiments on the interaction between aliphatic ahicbonstic acid 
anhydrides and Grignard compounds. Their assumption that Grignard compounds of 
high molecular weight give keto-acids and not diarylphthalides does not seem justified 
in view of the formation of di-«-naphthylphthalide, and the alleged connection between 
the nature of the product formed and the stability of the anhydride ring does not 
seem to be borne out by the facts. It has been assumed that, if the ring is opened 
easily, the keto-acid is formed; otherwise, the diarylphthalide is obtained. It is very 
improbable that the latter is formed by direct substitution of two aryl groups for one 
oxygen atom; we think that the keto-acid or its bromo-magnesium salt must be the 
intermediate product in the formation of the diarylphthalide. The former takes up a 
further molecule of the Grignard compound, and the hydroxy-acid is spontaneously 
converted into its lactone. That in keto-acid derivatives the keto-group reacts in pre- 
ference to the acid group with Grignard reagents, is well known (compare Grignard, Amn. 
Chim., 1902, 27, 548). 

EXPERIMENTAL. 


Our results are summarised in the table. The keto-acids which are not italicised are re- 
corded by Beilstein (Vol. X), except the last, which is described by Waldmann and Mathiowetz 
(loc. ctt.). 

Initial Materials.—Phthalic and tetrachlorophthalic anhydrides were commercial samples; 
for a gift of 2: 3-naphthalenedicarboxylic anhydride (which we recrystallised from xylene) 
we are indebted to Dr. Wyler of the Imperial Chemical Industries. 4-Methoxyphthalic 
anhydride was prepared from commercial 4-hydroxyphthalic acid as follows: the acid was 
heated to 210° first at ordinary pressure and then in a vacuum (1 hour each), and the resulting 
anhydride distilled (b. p. 250—255°/25 mm.); it crystallised immediately, and was methylated 
(with cooling) by an ethereal solution of diazomethane (excess), the ether was evaporated, and 
the residue distilled under 25 mm. (b. p. 202°), and recrystallised from benzene—petroleum 
(1: 1); m. p. 97°. 

Details of Reaction.—The interaction of the anhydrides with Grignard compounds was 
usually carried out as follows. The anhydride was dissolved or suspended in boiling benzene 
or warm di-n-butyl ether on the water-bath, and the Grignard solution (10% excess) slowly 
added through a dropping funnel. The mixture was then boiled for 2 hours, decomposed with 
ice and sulphuric acid, the upper layer extracted with sodium carbonate solution, and the 
alkaline extract acidified, the keto-acid being thus obtained. 

Sometimes part of the diarylphthalide is retained as the sodium salt of the corresponding 
hydroxy-acid in the alkaline extract and is recovered on acidification; but in this event, a 
further quantity of the same --7gaeann is always obtained from the extracted ether—benzene 
layer. The yields were 70—80% 

Cyclisation of 2-a-Naphthoylbenzoic Acid.—The acid (1 g.) was heated at 140° for 1 hr. with 
anhydrous aluminium chloride (10 g.) and sodium chloride (2 g.). To the greenish mass, water 
was added at room temperature, and the solid product filtered off, washed with sodium carbonate 
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solution, then with water, and dried. With concentrated sulphuric acid, it gave an intense 
dark-violet colour. The product, on recrystallisation from nitrobenzene or amyl alcohol, 
gave 0-75 g. of pure naphthacenequinone (2 : 3-benzanthraquinone) (m. p. 276°); the mother- 
liquors also gave the above colour reaction, whereas the isomeric 1: 2-benzanthraquinone 
(m. p. 168°) exhibits a beautiful green colour. 

Cyclisation of 2-a-Naphthoyl-3-naphthoic Acid.—-The acid (2 g.) was kept at 30° with con- 
centrated sulphuric acid (20 c.c.) for 24 hrs., the mass poured into water, and the precipitate 
isolated by centrifuging, and washed with sodium carbonate and water. From glacial acetic 
acid, the 1 : 2: 6: 7-dibenzanthraquinone formed needles, m. p. 227°. 

(Added in proof.) For the condensation of naphthalene with phthalic anhydride, see 
Underwood and Walsh, J. Amer. Chem. Soc., 1935, 57, 940; Barnett and Campbell, this vol., 
p. 1031. 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Received, March 6th, 1935.] 





325. The Reaction of Grignard Reagents with Some Succinic 
Anhydrides. 


By CHAIM WEIZMANN, (MRs.) OTTILIE BLUM-BERGMANN, and FELIX BERGMANN. 


CERTAIN phenanthrene derivatives are of interest owing to their relation to the sterols, 
bile acids, and sexual hormones. Haworth (J., 1932, 1125) developed a synthesis of such 
compounds by condensing naphthalene with succinic anhydride in the presence of aluminium 
chloride, but this led to the formation of both «- and $-naphthoylpropionic acids, which 
had to be separated. It was thought that succinic anhydride might react like phthalic 
anhydride (Weizmann and Pickles, P., 1904, 20, 201; see also preceding paper) with 
a- or 8-naphthylmagnesium bromide to give a homogeneous product : 


C,oH,MgBr + Onn iar —> CyH;C(OH)-CH, __, CygH,-CO-CH, 
. O-CO-CH, CH,°CO,H 
(I.) 

Succinic anhydride is known to react with Grignard compounds to give tetra-alkyl- 
butanediols, but the further reaction of the primary product is easily prevented by addition 
of the Grignard solution to the ethereal suspension of succinic anhydride. 6-(«-Naphthoy]l)- 
propionic acid and the $-naphthoyl acid were isolated and identified. 

In view of the facts reported in the foregoing paper it was of interest to determine 
whether the course of the reaction is affected by substituents. We accordingly used 
phenylsuccinic and 3-phenyl-1 : 2 : 3 : 6-tetrahydrophthalic anhydride, but in neither case 
could a crystalline keto-acid be isolated. The interaction between the former anhydride 
and phenyl- and «-naphthyl-magnesium bromide and between the latter one and phenyl- 
magnesium bromide yielded respectively the lactones of y-hydroxy-ayy-triphenyl- (II; 


CHPh-CH, Nc 
ar) CO CR, 6 i - (III.) 

\o% V ~~ 

h CO 


R = Ph) and y-hydroxy-a-phenyl-yy-(a-naphthyl)-n-butyric acid (Il; R= Cy H,) and 
2-diphenylmethylol-6-phenyl-1 : 2 : 3: 6-tetrahydrobenzoic acid (III). Since the anhydrides 
are unsymmetrical, each pair of the above components could lead to two isomerides, 
although only one has been isolated in each case. For reasons of “ steric hindrance,” it 
seems more likely that, in the above reactions, exclusively the less substituted half of the 
molecules is attacked by the Grignard reagents, as in the case of Friedel-Crafts 
reactions with methylsuccinic anhydride (Oppenheim, Ber., 1901, 34, 4228; Haworth, 
J., 1932, 1125, 1784). 

While the work described in this paper was proceeding, Komppa and Rohrmann (An- 
nalen, 1934, 509, 259) published results on a similar subject (see preceding paper). 
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EXPERIMENTAL. 


A solution prepared from magnesium turnings (2-7 g.) and a-bromonaphthalene (22:8 g.) 
was added drop by drop to a boiling suspension of finely powdered succinic anhydride (10 g.) 
in anhydrous ether (200 c.c.). The white amorphous precipitate became spontaneously trans- 
formed into a yellow crystalline powder after a few minutes; the mixture was heated on the 
water-bath for 2 hrs., then decomposed with ice and dilute sulphuric acid, and the ethereal 
layer was extracted with dilute caustic soda solution, and the extract acidified; §-(a-naphthoyl)- 
propionic acid was precipitated as an oil, which was dissolved in ether, the ether evaporated, 
and the residue triturated with ethyl acetate; m. p. and mixed m. p. with a pure sample 
133°; yield 2-5 g. 

8-(8-Naphthoyl) propionic acid (4 g.), similarly prepared, was recrystallised from glacial acetic 
acid, and had m. p. and mixed m. p. 170°. The ethereal laver contained naphthalene and some 
di-8-naphthyl, which was purified by recrystallisation from butyl alcohol, affording leaflets 
exhibiting a remarkable blue fluorescence; m. p. 184—185° (lit., 187—188°, 180—1J81°, 181°). 

Phenylsuccinic anhydride was prepared from the acid (‘‘ Organic Syntheses,’”’ Coll. Vol. 
I, p. 440) by reaction with 3 times its weight of boiling acetyl chloride; after 6 hrs., the excess 
of acetyl chloride was distilled off, and the residue fractionated; b. p. 203°/34 mm. (yield 80%). 
3-Phenyl-1 : 2: 3: 6-tetrahydrophthalic anhydride, obtained according to Diels and Alder 
(Ber., 1929, 62, 2081) from maleic anhydride (12-5 g.; Master and Ahmann, J. Amer. Chem. 
Soc., 1928, 50, 145) and cis-l1-phenylbutadiene (17 g.; Muskat and Herrman, idid., 1931, 
53, 252) in benzene (20 c.c.) on the water-bath (15 mins.), crystallised from toluene (50 c.c.) 
in needles (14-5 g.), m. p. 120°. 

A solution prepared from magnesium (1-25 g.) and bromobenzene (5-5 c.c.) was added to 
phenylsuccinic anhydride (8-7 g.) in ether (15 c.c.), and the reaction mixture worked up as before. 
The product lactonised, and after trituration with methyl alcohol was obtained from 80% acetic 
acid as needles (1-2 g.), m. p. 162° (Found : C, 84-0, 84-3; H, 5-0,5-9. C,,H,,O, requires C, 84-0; 
H, 5:7%). A second crop (1:0 g.) of the /actone (II; R = Ph) was isolated from the ethereal 
layer after the extraction. 

The reaction product from phenylsuccinic anhydride (17-6 g.), magnesium (2-5 g.), and 
a-bromonaphthalene (21 g.) was separated into a neutral and an acid part. The former crys- 
tallised on treatment with methyl alcohol, and the lactone (I1; R = C,9H,) separated from 
amyl alcohol or from propyl] alcohol—acetone in clusters of needles, m. p. 211° (Found: C, 86-8; 
H, 5-4. C3 9H,.0, requires C, 87-0; H, 5-3%). The latter was a brown syrup, which would 
not crystallise; it was reduced with amalgamated zinc wool and concentrated hydrochloric 
acid, but the reduction product, too, was an oil, which was purified by repeated distillation 
in a vacuum, b. p. 265—270°/1-4 mm. 

The mother-liquor of the crude syrup, on standing, gave crystals (2 g.) of phenylsuccinic 
acid, m. p. 166° (Found: C, 61-5; H, 5-2. Calc. for CygH,,O,: C, 61-8; H, 5-1%). 

The acid products of the interaction between phenylmagnesium bromide (0-85 g. magnesium ; 
3-5 c.c. bromobenzene) and 3-phenyl-1 : 2: 3: 6-tetrahydrophthalic anhydride (7-6 g.) were 
amorphous and could not be purified, even after treatment with amalgamated zinc. The neutral 
product, the /Jactone (III), when recrystallised from propyl alcohol-acetone, formed needles, 
m. p. 227° (Found: C, 85-2; H, 6-0. C,,H,,O, requires C, 85-2; H, 6-0%). 


THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. [Received, March 6th, 1935.]} 





326. LHxperiments on the Synthesis of Rotenone and its Derivatives. 
Part VII. Tetrahydrotubaic Acid. 


By ALEXANDER ROBERTSON and GEORGE L. RusBy. 


THE oxidation of O-diacetyltetrahydrotubaic aldehyde (I; R = Ac, R, = Ac) with potassium 
permanganate and subsequent deacetylation of the product (II; R = Ac, R, = Ac) gives 
rise to tetrahydrotubaic acid (II; R = H, R, = H) (compare Haller and La Forge, J. Amer. 
Chem. Soc., 1932, 54, 1988). In a similar manner the monomethy]l ether of tetrahydro- 
tubaic acid (IL; R = Me, R, = H) is obtained from the acetate of (I; R = Me, R, = Ac). 
The formation of the flavylium salt (III) by the condensation of w-methoxyacetoveratrone 
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and the ether (I; R = Me, R, = H) serves to establish the orientation of the latter and 
hence that of the acid (II; R = Me, R, = H). 


FeCl, 
uu“ 
C5H); (so) Cs5Hy; OH, O OMe 
R OR, ROf SOR, MeO OMe 
CHO CO,H OMe 
(I.) (II.) (III.) 


The application of the Nencki reaction to homoasaronic acid and tetrahydrotubanol 
yields tetrahydroderritol methyl ether (Takei, Miyajima, and Ono, Ber., 1932, 65, 1047), 
but only traces of the latter are obtained by the application of the Hoesch condensation to 
this phenol and 2: 4 : 5-trimethoxyphenylacetonttrile. 


EXPERIMENTAL. 

2 : 4-Dihydroxy-3-isoamylbenzaldehyde (Tetrahydrotubaic Aldehyde) (I; R = H, R, = H).— 
A solution of tetrahydrotubanol (J., 1933, 1163) (5 g.) in ether (80 c.c.) containing zinc cyanide 
(3 g.) and hydrogen cyanide (8 c.c.) was saturated with hydrogen chloride, and 24 hrs. later the 
product was washed with ether and hydrolysed by heating with water (200 c.c.) on the steam- 
bath for 20 mins. The resulting aldehyde separated from light petroleum (b. p. 60—80°) in tiny 
colourless plates (4 g.), m. p. 112-5°, readily soluble in alcohol, acetone, or benzene; and having a 
reddish-violet ferric chloride reaction (Found: C, 69-0; H, 7-8. C,,H,,O, requires C, 69-2; 
H, 7:7%). Crystallised from dilute alcohol, the semicarbazone formed irregular plates, m. p. 
198° (Found: C, 58-8; H, 7-4. Cy 3H,gO,;N; requires C, 58-9; H, 7-2%). Acetylation of the 
aldehyde (2-5 g.) with acetic anhydride (8 c.c.) and pyridine (4 c.c.) for 24 hrs. at room temper- 
ature afforded the diacetate (3-3 g.), which separated from a small volume of light petroleum 
(b. p. 40—60°) in clusters of needles, m. p. 47-5°, readily soluble in alcohol or acetone (Found : 
C, 65-9; H, 7-1. C,gHO, requires C, 65-8; H, 6-8%). 

2 : 4-Dihydroxy-3-isoamylbenzoic Acid (Tetrahydrotubaic Acid) (II; R=H, R, = H).— 
Oxidation of the aforementioned diacetate (1 g.) in acetone (75 c.c.) at 50—55° was effected 
by the gradual addition of potassium permanganate (1-2 g.) in water (60 c.c.), and after 15 mins. 
the solution was cleared with sulphur dioxide. Slow evaporation of the acetone gave the di- 
acetate of the acid (0-9 g.), which separated from benzene—light petroleum (b. p. 60—80°) in 
tiny needles, m. p. 140—141°, unchanged on repeated crystailisation (Found : C, 62-4; H, 6-3. 
Calc. for CygH gO, : C, 62-3; H, 6-5%) (Haller and La Forge, Joc. cit., give m. p. 143°). A solu- 
tion of this compound (0-5 g.) in 2N-sodium hydroxide (30 c.c.) was kept for 2 hrs., and on 
acidification with dilute hydrochloric acid gave tetrahydrotubaic acid, which crystallised from 
benzene in irregular elongated plates, m. p. 203° (decomp.), having properties identical in every 
way with those of a specimen, m. p. 203°, prepared according to Haller (J. Amer. Chem. Soc., 
1933, 55, 3032), who, however, gives m. p. 206° (Found : C, 64-4; H, 7-3. Calc. for C,,H,,0,: 
C, 64:3; H, 7:2%). 

2-H ydroxy-4-methoxy-3-isoamylbenzaldehyde (I; R= Me, R, = H).—2: 4-Dihydroxy-3- 
isoamylbenzaldehyde (2-7 g.) was methylated in boiling acetone (40 c.c.) with methyl iodide 
(1-6 c.c.) and potassium carbonate (6 g.) during 2 hrs. ; after 1 hr., more iodide (1-6 c.c.) was added. 
On isolation, the monomethy] ether was obtained as a colourless oil (2-6 g.), b. p. 180°/15 mm., 
which gave a reddish-violet ferric chloride reaction. The semicarbazone separated from benzene 
in slender needles, or from dilute alcohol in irregular plates, m. p. 193° (Found : C, 60-4; H, 7-5; 
N, 14-5. C,,H,,O;N; requires C, 60-2; H, 7-5; N, 15-0%). Condensation of this ether (0-5 g.) 
and w-methoxyacetoveratrone (1 g.) in ethyl acetate with hydrogen chloride gave 3 : 7: 3’: 4’- 
tetramethoxy-8-isoamylflavylium chloride, which crystallised from 8% hydrochloric acid 
in clusters of deep red rectangular prisms. The ferrichloride (111) separated from acetic acid in 
red plates with a green reflex, m. p. 131—132° (Found : C, 48-7; H, 5-0. C,,H,,O0,Cl,Fe requires 
C, 48-4; H, 4-9%). 

2-Hydroxy-4-methoxy-3-isoamylbenzoic Acid (II; R = Me, R, = H).—Acetylation of the 
foregoing ether (1-9 g.) with acetic anhydride (8 c.c.) and pyridine (4 c.c.) at room temperature 
for 12 hrs. and then on the water-bath for 2 hrs. gave the acetate as a viscous oil (2-0 g.). Oxid- 
ation of this material (1 g.) in acetone (75 c.c.) at 50—55° with potassium permanganate (1-2 g.) 
in water (60 c.c.), and subsequent deacetylation of the product (0-9 g.) with 8% aqueous sodium 
hydroxide (50 c.c.) at room temperature for 3 hrs., gave rise to 2-hydroxy-4-methoxy-3-iso- 
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amylbenzoic acid, which, after the removal of a little unchanged 4-O-methyltetrahydrotubaic 
aldehyde by means of aqueous sodium bicarbonate, separated from light petroleum (b. p. 
60—80°) in elongated leaflets (0-3 g.), m. p. 154-5°, identical in every way with the monomethy]l 
ether of tetrahydrotubaic acid for which Haller and La Forge (J. Amer. Chem. Soc., 1932, 54, 
1988) and Takei and co-workers (Ber., 1932, 65, 285) gave m. p. 156° (Found : C, 65-8; H, 7-5. 
Calc. for C;s;H,,0,: C, 65-5; H, 7-6%). 

2:4: 5-Trimethoxyphenylpyruvic Acid.—The azlactone of asarylaldehyde (Takei and co- 
workers, ibid., p. 1047) (6-8 g.) was boiled with 12% aqueous sodium hydroxide (60 c.c.) for 
6 hrs., cooled, and saturated with sulphur dioxide. After the separation of the precipitated 
benzoic acid, the liquid on being heated with concentrated hydrochloric acid (30 c.c.) on the 
water-bath gradually deposited the pyruvic acid (4-3 g.), which formed pale yellow prisms from 
acetic acid, m. p. 198° (decomp.) (Found : C, 56-8; H, 5-3. C,,H,,O, requires C, 56-7; H, 5-5%). 
The compound is sparingly soluble in water, alcohol, or benzene. 

2:4: 5-Trimethoxyphenylacetonitrile-—The foregoing keto-acid (3 g.) was oximated with 
hydroxylamine hydrochloride (3 g.) in warm 10% aqueous sodium hydroxide (40 c.c. at 50—55°), 
and 24 hrs. later the oxime (3-4 g.) was precipitated with concentrated hydrochloric acid. 
Prepared from the crude oxime (3 g.) by means of warm acetic anhydride (10 c.c.), the nitrile 
(1-9 g.) crystallised from dilute alcohol in colourless, elongated, rectangular prisms, m. p. 85°, 
readily soluble in alcohol, acetone, or benzene (Found: C, 64-0; H, 6-4; N, 6-9. C,,H,,;0,N 
requires C, 63-8; H, 6-3; N, 6-8%). Hydrolysis of this compound (2 g.) with a boiling solution 
of potassium hydroxide (1 g.) in water (4 c.c.) for 3 hrs. gave rise to 2: 4: 5-trimethoxyphenyl- 
acetic acid, which separated from water as the hydrate in needles, m. p. 81°. Dried in a vacuum 
over phosphoric oxide, the anhydrous material had m. p. 106° (La Forge and co-workers, J. 
Amer. Chem. Soc., 1931, 583, 4402, and Takei and co-workers, loc. cit., record m. p. 83° and 87° 
respectively). 

Solution of the crude oxime in boiling water was accompanied by decomposition, and the 
product which separated on cooling consisted mainly of 2: 4: 5-trimethoxyphenylacetonitrile, 
m. p. and mixed m. p. 85° after five recrystallisations (Found : C, 63-8; H, 6-2; N, 6-7%). 


UNIVERSITY OF LIVERPOOL. [Received, July 3rd, 1935.] 





327. The Configurations of the 4*-Tetrahydro- and the Hexahydro- 
terephthalic Acids. 


By W. H. Mitts and G. H. Keats. 


UnTIL recently there has been no evidence to fix the configurations of the two geometric- 
ally isomeric forms of hexahydroterephthalic acid (cyclohexane-1 : 4-dicarboxylic acid). 
In the latter part of last year, however, Malachowski and Jankiewiczowna (Ber., 1934, 
67, 1783) succeeded in obtaining from this acid a normal unimolecular anhydride, and 
showed that when hydrolysed it gave in a state of purity the modification of hexahydro- 
terephthalic acid which, from its greater solubility and lower melting point, Baeyer had 
named the maleinoid form. From this observation it is to be concluded that the maleinoid 
is the cis- and the fumaroid the trans-form of the acid. 

When the work of Malachowski and Jankiewiczowna was published we had already been 
engaged for some time on an investigation also designed to fix the configurations of the 
two hexahydroterephthalic acids. Our plan was first to fix the configurations of the 
geometrically isomeric A®-tetrahydroterephthalic acids by determining which of them 
was resolvable into optically active antimerides, and then to relate these tetrahydro-acids 
to the hexahydro-acids by catalytic reduction. 


H. CO,H H. OH H. OH H. <O,H 
t l| l amet 
HO,C” \H HO,C” \H H’ \cO,H = H:-~‘“CO,H 


tvans-Hexahydro-acid. Resolvable. Non-resolvable. cis-Hexahydro-acid. 
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Since this gives an independent proof of the configurations of the hexahydro-acids 
and incidentally fixes that of the tetrahydro-acids, we proceeded with our investigation 
and have now brought it to completion. 

Of the isomeric A?-tetrahydroterephthalic acids, Baeyer’s fumaroid modification 
(m. p. 228°) proved to be resolvable. The levo-form of this acid was obtained optically 
pure with the aid of brucine, and showed the specific rotation [a]ise. — 279°. The maleinoid 
modification could not be resolved. The fumaroid form has therefore the ¢vans-configur- 
ation and the maleinoid form (m. p. 161°) has the cis-configuration. 

The two tetrahydro-acids were then reduced with hydrogen and platinum-black in 
acetic acid solution: the fumaroid tetrahydro-acid gave the fumaroid hexahydro-acid, 
and the maleinoid the maleinoid. It is clear that reduction in this manner would not change 
the orientation of the >CH-CO,H groups, and indeed experimental evidence that no 
such change occurs is given by the fact that each tetrahydro-acid yields one hexahydro- 
acid only. Our observations thus confirm the conclusions of Malachowski and Jankie- 
wiczowna with regard to the relative configurations of the hexahydro-acids. 

Although in each case the more soluble (“ maleinoid ’’) modification proved to have the 
cis- and the less soluble (‘‘ fumaroid ’’) the trans-configuration, it is to be observed that a 
relationship of this kind does not invariably hold in geometrically isomeric dicarboxylic 
acids. Thus of the two hexahydroisophthalic acids it is the modification of lower melting 
point which has the ¢vans-configuration (Béeseken and Peek, Rec. trav. chim., 1925, 44, 841). 

We have also measured the primary and secondary electrolytic dissociation constants, 
K, and Kg, of the tetrahydro-acids (those of the hexahydro-acids were measured by Kuhn 
and Wassermann, Helv. Chim. Acta, 1928, 11, 50). For the cis-A?-acid at 22° we found 
K, = 0-82 x 10%, K,= 0-81 x 10-5, and for the évans-isomeride K, = 1-18 x 10+, 
K, = 1:19 x 10°°. Thus, whilst the trans-acid is slightly the stronger, the ratio K,/K, 
is nearly the same for both acids. The values 10-1 and 9-9 for this ratio indicate, accord- 
ing to the formula deduced by Bjerrum (Z. phystkal. Chem., 1923, 106, 219) and modified 
by Ingold (J., 1931, 2179), that the distance between the dissociating hydrogen atom and 
the negative charge on the ion HO,C*C,H,,°CO, is approximately 8-2 A. in both the cis- 
and the trans-acid. 

This result is in agreement with the indications given by models of the acids. If the 
most favoured configuration of each acid is that in which the distance between the carboxyl 
groups is a maximum, the models take the forms represented in (la) and (1d). In these 
the distance in question is almost exactly the same in each acid, 8-7 A., and since this is 
a maximum distance, the mean distance under thermal agitation should be somewhat less. 


H H “ H H y. 
O Pe, 
me | a P 
‘* O .@) 
H 
Fic. l(a). trans-Acid. Fic. 1(b). cis-Acid. 


EXPERIMENTAL. 


cis- and tvans-A*-Tetrahydroterephthalic acids were prepared from terephthalic acid by 
Baeyer’s method (Amnalen, 1889, 251, 278, 280, 306) with slight modifications. Terephthalic 
acid was reduced to A*:*-dihydroterephthalic acid in 40 g. portions, vigorous stirring being 
essential for success. The A***-acid was crystallised from alcohol before being further reduced. 
The cis- and the trans-A?-acid were crystallised from water and had m. p.’s 161° and 228° 
respectively (Baeyer gives 150—156° and 220°). From 400 g. of terephthalic acid, 170 g. of 
trans-A*- and 40 g. of cis-A*-acid were obtained (Found: cis-A*, C, 56-2; H, 5-8: trans-A?, 
C, 56-3; H, 58. Calc. for CgH,,O,: C, 56-5; H, 5-9%). The dimethyl trans-A?-ester had 
m. p. 11°, b. p. 162—154°/30 mm., and the cis-ester, b. p. 148°/30 mm. 
l-trans-A*-Tetrahydroterephthalic Acid.—30 G. of the trans-A*-acid and 141 g. of brucine 











, 
~ 
¥ 
y 
> 
. 














A?-Tetrahydro- and the Hexahydro-terephthalic Acids. 1375 


were dissolved in 1800 c.c. of hot water, and the salt allowed to crystallise (colourless prisms). 
The product was crystallised four times from water and the rotation of the brucine salt, dried in 
a vacuum at 100°, was tested after each crystallisation : [«)}§5, (for 0-4 g. in 50 c.c. of chloroform) 
— 92-5°, — 112-0°, — 116-0°, — 117-0°, — 117-0°. The last fraction (8 g.) was pure and the 
brucine was removed by treatment with ammonia, filtration, and extraction with chloroform. 
The ammonium salt was acidified, and the tvans-A*-acid extracted with ether. It was crystal- 
lised from water; m. p. 222° (Found: C, 56-3; H, 58%). 0-2 G. of the acid in 50c.c. of ethyl 
alcohol at 16° had a rotation of — 4-465° for the Hg green lineina4dm.tube. Hence [a]i{, = 
— 279°. The brucine mother-liquors yielded a dextrorotatory acid, [«]}%, = + 132°. Attempts 
to get the dextrorotatory acid pure failed. The strychnine salt can be crystallised to give the 
levo-acid, but attempts with the acid and neutral salts of quinine, cinchonine, cinchonidine, 
morphine, and nor-/-ephedrine gave only slightly active acids. 

Hydrogenation of cis- and trans-A?-Tetrahydroterephthalic Acids.—The platinum oxide 
catalyst was prepared as described in ‘‘ Organic Syntheses,’ 8, 92. 1G. of the acid, 0-1 g. 
of the catalyst, and 40 c.c. of glacial acetic acid were shaken at room temperature for 10 
minutes, the calculated volume of hydrogen being absorbed. The product was filtered warm, 
the acetic acid removed under reduced pressure, and the residue crystallised from water. The 
cis-A®-acid gave a hexahydro-acid, m. p. 167°; the trans-A*-acid gave a hexahydro-acid, m. p. 
309°. Malachowski gives the m. p.’s of cis- and trans-hexahydroterephthalic acids as 166— 
167° and 312—313° respectively. This method forms the most convenient way of preparing 
cis- and trans-hexahydroterephthalic acids. 

Dissociation Constants of cis- and trans-A*?-Tetrahydroterephthalic Acids —The measurements 
were made at 22°. 50 C.c. of a 0-009412M-solution of the acid were titrated against 0-0247N- 
sodium hydroxide (free from carbon dioxide), the pq being measured when 7-0, 8-0, 9-0, 10-0, 11-0, 
12-0 and 26-0, 27-0, 28-0, 29-0, 30-0, 31-0 c.c. of the hydroxide had been added. A quinhydrone 
electrode of the type recommended by Auerbach (Z. physikal. Chem., 1924, 110, 65) was used, 
in conjunction with a N-calomel electrode. A hydrogen electrode was found to be useless, 
owing presumably to reduction of the A*-acid. Saturated potassium chloride bridges were 
used, being kept closed by taps. Two resistance boxes in series were used instead of a potentio- 
meter wire, and the sum of the resistances in them was kept at 11,110 ohms. A standard 
cadmium cell was used as a source of known P.D. Four titrations of both acids were done 
and the procedure was repeated with the solutions diluted to three-quarters, one-half, and one- 
quarter of their original concentrations. The pairs of readings taken in calculating the dissoci- 
ation constants corresponded to 7-0, 26-0 38-0, 27-0, etc., c.c. of the sodium hydroxide solution. 
Following Gane and Ingold’s procedure (J., 1931, 2153), the values of K, and K, were plotted 
against the concentration of acid, and the values at infinite dilution found by extrapolation of 
the straight lines. 


trans-A*-Acid. cis-A*-Acid. . 

Original conc. of acid, g. /l. 10*K,. 105K. 10*K,. 105K. 
16 1°18 1°35 0°883 1:03 

12 1:18 1°30 0-883 0°971 

0°8 1°18 1°28 0°858 0°917 

0-4 1:10 * 1:10 * 0°841 0-862 
Extrapolated values 1°18 1°19 0°82 0°81 


* These values are not concordant with the rest and are neglected. 


From Ingold’s formula this gives values of r for the cis- and the trans-A?-acid of 8-14 and 
8-26 A. respectively. 


We are indebted to Mr. R. J. Thomas for carrying out some preliminary experiments on 
this problem. Our thanks are due to Mr. W. G. Palmer for advice concerning the electrical 
measurements, and to Pembroke College, Cambridge, and to the Board of Education for grants 
to one of us (G. K.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, July 12th, 1935.] 
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328. The Constitution of the Purine Nucleosides. Part III. Potentio- 
metric Determination of the Dissociation Constants of Methylated 


Xanthines. 
By ALEXANDER G. OGSTON. 


THE measurement of the dissociation constants of methylated xanthines was undertaken 
at the suggestion of Dr. J. M. Gulland and Mr. E. R. Holiday. It was hoped to combine 
this evidence with that of organic chemical methods and that of ultra-violet absorption 
spectra, in order to throw light on their constitution. The previous work on the dis- 
sociation constants of this class of substance is not comprehensive; the constants of a few 
xanthines were determined by Wood (J., 1903, 83, 568; 1906, 89, 1831, 1839). The figures 
now obtained differ in some cases considerably from those of the earlier workers. 

The fundamental difficulties in determining dissociation constants by the method of 
potentiometric titration have been discussed by Ogston and Brown (Trans. Faraday Soc., 
1935, 31, 166). If the liquid junction potential is not affected by the composition of the 
titrated liquid, the E.M.F. of the cell is proportional to the mean activity of the acid solution 
which it contains; if this solution is sufficiently dilute, the activity coefficients in it will not 
differ greatly from unity, the E.M.F. can be taken as proportional to the concentration 
of hydrogen ions, and the dissociation constant can be written without great’error in its 
classical form K = [H][A]}/[HA], where A and HA are the basic and the acid form of 
the titrand. For this reason and because of the scarcity and insolubility of some of the 
materials, the solutions titrated were rarely more concentrated than M/1000 and sometimes 
as dilute as M/3000. 


EXPERIMENTAL. 


The materials used were supplied in a pure form by Dr. J. M. Gulland. 

The cell was of the form shown in the figure. Its capacity was 3 c.c.; hydrogen was intro- 
duced through the side tube and the bubbles stirred the liquid in the cell very efficiently. The 
liquid junction was made at the end of the 
bridge tube, which was closed by a porous 
plug of sintered glass and ground into a joint 
at the base of the cell; the bridge was filled 
with the bridge solution (3-5N-potassium 
chloride) by removing it from the cell and 
applying suction at the closed end; superfluous 
liquid was removed from the sintered end 
before the bridge was replaced in the cell. 
This type of liquid junction gave results repro- 
ducible to 1 mv. when freshly made, and 
constant to within 3 mv. during several hours; 

AH it also allowed the titrand solution to be com- 

. Hydrogen tube. ‘ ? , f iM 

B. Sintered glass plug. pletely stirred during titration with a minimum 
C. Hydrogen exit and entrance for micro-burette. disturbance of the junction. Flow of liquid 
D, Closed ungreased tap. was prevented by the closed unlubricated tap 
on the bridge tube, which had a resistance so 

low that it could be kept closed during measurements. 

The reference electrode was 3-5N-calomel; the platinum electrodes were prepared and used 
as described by Ogston and Brown (/oc. cit.). The pg potential scale was standardised with 
N/10-hydrochloric acid, its activity coefficient being taken into account. Measurements were 
made at 18° + 0-5° in a constant-temperature room. 

Titrant N/10-solutions were added from a capillary microburette: this had an arbitrary 
scale and was calibrated by weighing water delivered by it. The total capacity was 0-3 c.c. 
and the accuracy +10~ c.c. 

The constants were calculated from the experimental points by the method of Ogston and 
Brown; the values in water are the mean in each case of two or more concordant runs and are 
probably accurate to +0-05 py unit; those in alcoholic solutions are less accurate owing to the 
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less reproducible behaviour of the electrodes in this solvent, but are probably accurate to +0-1 
pu unit. 


Px- Px. 
Substance. Water. 90% EtOH. Abx. Substance. Water. 90% EtOH. 
1- 6 7-Methylxanthine 
: : 1: 7-Dimethyl- ... 
3: 7-Dimethyl- P . ; 9-Methyl- 
3-Methyl- . ‘ P 1 : 9-Dimethyl- 
1: 3-Dimethyl- , } ‘ Xanthosine 








DISCUSSION. 


Most of the xanthines are both acids and bases; the acid dissociation constants only 
have been measured (Table). The basic functions are in all cases very weak, so the amount 
of buffering produced by the dilute solutions used was small; in terms of potential, the 
buffering produced was of the same order of magnitude as the reproducibility of the liquid 
junction potential, so no accurate estimate of their constants could be made. The acid 
dissociation constants are high enough to be accurately measurable. 

Xanthines can conceivably function as acids in three ways: (a) as hydroxy-acids, 
following enolisation of one of the carbonyl groups; (b) as charged amino-acids, by 
“ Zwitter ’’ ion formation from (a); (c) as glyoxaline acids. These may be represented 
by the schemes : 

( Q ° Ht ) OH ——>}> .- 
(a) a. SE > -—.... = —t.... Sa + 


OH > oO Hi* o 
(b) © ew eae oe ee 


(°) XN NE>CH => ra) NScu +H 


The number of possible ways in which xanthine itself might function as an acid is thus 
considerable, though the number will be smaller for its methyl substituted derivatives. 
A consideration of the values obtained for the dissociation constants of deoxyxanthines by 
Tafel and Dodt (Ber., 1907, 40, 3757) also limits the number of possibilities which need be 
considered. Their results can be summarised as follows. 

(1) Those compounds showing acid properties all have the glyoxaline ring unsubstituted: 
their dissociation constants vary from 3 x 1072 to 8 x 10°”. This class includes the 1 : 3- 


dimethyl compound. 
(2) All the compounds examined which were substituted in the 7-position, and only 


these, showed no acid properties. 

It must follow from these results that the deoxy-compounds owe their acidity only 
to ionisation of the -NH- in the glyoxaline ring; the 2-carbonyl group seems not to be 
capable of enolisation. It is therefore probably safe to infer that in the xanthines, acid 
properties must be due either to ionisation of the glyoxaline -NH- or to enolisation of the 
6-carbonyl group; but the great difference between the values of the dissociation constants 
of the xanthines here obtained and those of the deoxyxanthines, as well as the failure of 
7-substitution to destroy the acid properties of xanthines, makes it seem improbable that 
the acidity of the xanthines is due to ionisation of the glyoxaline -NH- group. It 
follows that the acid properties of the xanthines may be ascribed to simple enolisation 
or ‘‘ Zwitter’’ ion formation involving the 6-carbonyl group. On this basis we may 
proceed to discuss the significance of the present results. 

It is possible to distinguish between acids of types (a) and (b) by observing the change 
of px between water and 90% alcoholic solutions (see Linderstrom-Lang, Compt. rend. 
Lab. Carlsberg, 1927, 4, 6; Neuberger, Proc. Roy. Soc., 1934, B, 115, 180; and Ogston 
and Brown, Joc. cit.). Uncharged acids of type (a) give a comparatively large positive 
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change, charged acids of type (b) only a small positive change of x. The results show that 
the xanthines fallinto three classes. 3-,7-,9-Methyl-, 1 : 3-, 1: 7-, 1 : 9-dimethyl-xanthines 
and xanthosine are ‘‘ Zwitter ” ions of type (b); xanthine, 1-methyl- and 3 : 7-dimethyl- 
xanthines are normal acids of type (a) ; caffeine (1 : 3 : 7-trimethylxanthine) and isocaffeine 
(1:3: 9-) are not acids at all. 

Systematic relationships are found in the values of the dissociation constants. The 
following groups have constants of sensibly the same values: 3-, 7-methyl-, 1 : 3-, 1 : 7- 
dimethyl-xanthines; xanthine and l-methylxanthine; 9-methyl- and 1 : 9-dimethy]l- 
xanthines, and xanthosine is but little, though definitely different. An explanation of 
these facts is to be sought in their constitutions; the steps in the argument have been 
numbered to ensure clarity. 

(1) Substitution of the 1-position produces no change in the dissociation constant in 
most cases; therefore in the pairs xanthine and 1-methylxanthine, 3-methyl- and 1 : 3- 
dimethyl-xanthine, 7-methyl- and 1 : 7-dimethyl-xanthine, 9-methyl- and 1 : 9-dimethy]- 
xanthine, enolisation involving the 1-position can be excluded. 

(2) It is probable that where the dissociation constants of different xanthines have the 
same values, the structures are similar; in those having ‘‘ Zwitter ”’ ion structures the dis- 
tribution of the charge in the molecule will have the controlling effect on the dissociation 
constant, since this is determined largely by the electrical work of removal of the proton, 
and an identity of the values of the dissociation constants argues an identity of charge 
distribution. 

(3) The previous argument depends for its validity on the assumption that in neutral 
solution the compounds are almost entirely present in their acid form. The typical keto- 
enol-ionic equilibrium may be expressed 


Ry Ky 
Keto pi Enol aot Tons 
” ion, and the overall dissociation 





whether the “‘ enol ” form is a normal acid or a “‘ Zwitter 
constant is given by 
K = hyba[( + hy) 


Argument (2) applies essentially to kg. That k, and &, should mutually balance, or that 
the values of both k, and k, should be identical in a number of compounds, to produce 
identical values of K, can be regarded as improbable. However, if k, be very large (i.¢., 
the substance be present chiefly in its enol or acid form), K approaches the value of kg, and 
the identical values of K obtained for different compounds makes the fulfilment of this 
condition most probable. 

(4) Two structures (I and IT) are possible for the neutral form of 1 : 3-dimethylxanthine. 
Of these, (I) is the more probable, since the opposite charges are closer together than in 
(II) and will have a lower electrical free energy. In the light of the previous arguments 
the structures (III), (IV), and (V) may be assigned to the neutral forms of 3-methyl-, 

7-methyl-, and 1: aaa respectively. 
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(5) From its similarity to 9-methyl- and 1 : 9-dimethyl-xanthine, it seems probable 
that xanthosine is substituted in the 9-position. This supports the results of the absorption 
spectra measurements of Gulland, Holiday, and Macrae (J., 1934, 1639). For 1:9- 
dimethylxanthine there are three possible structures (VI, VII, and VIII). Of these, 
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(VII) may be excluded, since such a charge distribution should give a dissociation constant 
not very different from those of the 1: 3-dimethylxanthine group. The greater value 
of the constant indicates a greater distance between the charges. The difference between 
the properties of 1-methyl- and 1 : 9-dimethyl-xanthine shows that in one of the two the 
glyoxaline ring must be directly involved, since otherwise it is doubtful if substitution in it 
could produce so profound an effect. In view of the structure assigned to 1-methylxanthine 
(vide infra) it seems most likely that 1 : 9-dimethylxanthine has structure (VIII). It 
follows that 9-methylxanthine may be represented as (IX). 


NH—(¢-0- eo Hon NMe—(C-OH NMe—C-OH 
N——C-N Me> } ——{—_y?© N=—¢—NH> N H—C=n> 
(Ix.) H* (X.) (XI.) (XII) 

(6) 1-Methylxanthine might have one of three structures (X), (XI), and (XII). (XII) 
may at once be excluded on the grounds of the difference of behaviour from 1 : 3-dimethyl- 
xanthine and because there seems to be no reason why it should not pass over into a 
“ Zwitter ” ion form similar to (I). Of (X) and (XI), the latter seems more likely on the 
somewhat doubtful ground that (X) might be expected to form a ‘‘ Zwitter ’”’ ion similar 
to (IV). The neutral form of xanthine may therefore be provisionally written as (XIII). 


NH—(-OH N——¢-OH 
(xr) ¢O ¢-——N CO (¢-NMe (XIV.) 
N==¢—nu>™ Nie — en 
(7) Only one structure seems possible for 3: 7-dimethylxanthine; enolisation of the 
2-carbony]l is excluded, but in this case the 1-position must be involved with the 6-carbonyl 
group. Theneutralformisrepresented by (XIV). In this case the absence of any xanthine 


having the same dissociation constant makes it unnecessary that the enol form should 
preponderate largely in neutral solution. 


The author thanks Dr. J. M. Gulland and Mr. E. R. Holiday for advice throughout the course of 
this work, and Prof. R. A. Peters for kindly permitting the use of a room and apparatus in the 
Department of Biochemistry. 


BALLIOL COLLEGE, OXFORD. [Received, July 18th, 1935.] 





329. Lichen Acids. Part VI. Constituents of 
Ramalina scopulorum. 


By Francis H. CurD and ALEXANDER ROBERTSON. 


From Ramalina scopulorum grown on the coast of Sweden, Zépf (Amnalen, 1907, 352, 13) 
isolated d-usnic acid and a compound which he designated scopuloric acid, m. p. 260°, and 
which he considered to have the empirical formula C,,H,,0, and to form a monoacetate, 
C,H, 4019, m. p. 235—236°. This compound does not appear to have been investigated 
further, but in 1930, having obtained a quantity of authentic Ramalina scopulorum, we 
isolated, along with a small amount of usnic acid (yield, 0-52%), a substance having the 
properties of Zépf’s scopuloric acid and yielding an acetyl derivative, m. p. 235—236°. 
The formula of the compound, however, was found to be C,,H,,0,(OMe) and the acetyl 
derivative prepared by Zépf’s method to be a diacetate. In addition a tetra-acetate, 
a compound which appears to be a dianil, a hydration product, and two methylation products 
were obtained. Dry distillation of the substance gave rise to atranol monomethyl ether 
and fusion with potassium hydroxide yielded orcin and a compound which appeared to be 
2 : 6-dihydroxy-f-toluic acid. 

As a result of their work on stictic acid Asahina and his co-workers (Ber., 1933, 66, 1080) 
suggested that this compound was probably identical with Zépf’s scopuloric acid, a view 
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which appeared to be in agreement with our experimental findings except that the properties 
of both the monoanil and the di-stictic acid anilide described by the Japanese authors 
(Ber., 1933, 66, 943; 1934, 67, 1968) differed from those of the dianil which we obtained. 
Further, by the action of cold aqueous potassium hydroxide, scopuloric acid readily 
yielded the aforementioned hydration product, which on treatment with acetic anhydride 
and pyridine underwent simultaneous dehydration and acetylation, yielding the diacetate, 
m. p. 235—236°. 

Having obtained an authentic specimen of stictic acid from Lobaria pulmonaria, for 
which we are indebted to Professor Asahina, we have now made a detailed comparison 
of the two acids and their respective derivatives, including the dianils, and found them to 
be identical in every way. Accordingly, since stictic acid was discovered and named first 
(Knop and Schnedermann, J. pr. Chem., 1846, 39, 367), we propose that the name scopuloric 
acid should be abandoned. 

The formation of the hydration product stictinic acid we consider to be substantial 
evidence for the presence of a lactone ring in stictic acid, the existence of which has been 
deduced by Asahina and his co-workers (loc. cit.). 

In connexion with the occurrence of stictic acid it is of interest to observe that from 
Japanese Ramalina scopulorum (Retz.) Nyl. Asahina and Yanagita (Ber., 1934, 67, 803) 
isolated the closely related salazic acid. 


EXPERIMENTAL. 


Stictic Acid from Ramalina scopulorum.—The ground lichen* (1478 g.) was extracted 
(Soxhlet) with acetone for 15 hours and after evaporation of the solvent the residue was 
digested with warm benzene (or chloroform) to remove a small amount of usnic acid together 
with oils and waxes. A filtered solution of the residual crude stictic acid (27 g.) in acetone was 
evaporated on the steam-bath until solid began to separate and then kept for several days. The 
material (19-8 g.) which separated, m. p. 260° (decomp.), was recrystallised twice from acetone or 
acetic acid and then from acetone and obtained in clusters of colourless needles, m. p. 270° 
(decomp.) after sintering at 258°, which did not contain solvent of crystallisation [Found in 
material dried in a vacuum over phosphoric oxide: C, 59-1; H, 3-8; OMe, 7-9. Calc. for 
C,,H,,0,(OMe) : C, 59-1; H, 3-6; OMe, 8-0%]. It separated from 80% aqueous acetone as a 
crystalline powder, which appeared to be the dihydrate, having the same m. p. (Found : C, 54-5; 
H, 4-5; OMe, 8-0; H,O, 7-9. Calc. for C,,H,,0,,2H,O: C, 54-0; H, 4:3; OMe, 7-4; H,O, 8-5%). 
The crystalline form, alcoholic ferric chloride reaction (purple with one drop, changing to brown 
on addition of several drops of the reagent), the solubilities in organic solvents, and the behaviour 
with alkalis of this compound were identical with those of authentic stictic acid. Mixed with the 
latter, it showed no depression of the m. p. 

The diacetate, prepared by refluxing the acid (0-75 g.) with acetic anhydride (25 c.c.) for } 
hour, separated from acetic acid in clusters of colourless needles, m. p. 235—236°, undepressed 
by admixture with an authentic specimen (Found: C, 58-5; H, 3-7. Calc. for C,,H,,0,,;: 
C, 58-7; H, 2-8%). 

The clear solution obtained by agitating a mixture of stictic acid (1 g.) and acetic anhydride 
(10 c.c. containing a drop of concentrated sulphuric acid) was kept for 14 hours and then mixed 
with excess of water. The resulting tetra-acetate crystallised from dilute acetone in colourless 
laminae, m. p. 226—227° (Found: C, 57-1; H, 4-2. Calc. for C,,H,,0,,: C, 56-7; H, 4:2%). 
The tetra-acetate obtained from authentic stictic acid had m. p. 223—224° and a mixture of the 
two products melted at 224° (Asahina and co-workers, loc. cit., give m. p. 221—222°). 

Stictic Acid Dianil_—On warming a suspension of the acid (0-3 g.) from Ramalina scopulorum 
in alcohol (20 c.c.) containing aniline (0-5 c.c.) on the water-bath for 1 hour, thick yellow prisms 
of the compound gradually formed, which, after being washed with alcohol and dried, had m. p. 
234° [Found: C, 69-1; H, 4-7; N, 5-3; OMe, 5-8. Calc. for C,,H,,O,(OMe)(N-C,H;),: C, 
69-4; H, 4:5; N, 5-2; OMe, 58%]. It was sparingly soluble in the usual organic solvents and 
gave a purple coloration with alcoholic ferric chloride. Agitation of a suspension of this deriv- 
ative in acetone containing a little concentrated hydrochloric acid regenerated stictic acid, 
m. p. 270° (decomp.). 

* We are greatly indebted to Professor Raistrick, F.R.S., for a supply of this lichen, which was 
collected by Miss M. C. Knowles of the National Museum of Ireland, near high water mark in the vicinity 


of Howth, in March, 1930. 
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Under the same conditions authentic stictic acid formed the dianil, m. p. and mixed m. p. 
234° (Found : C, 69-1; H, 4:9; OMe, 6-0%). 

Stictinic Acid.—A solution of stictic acid (4-5 g.) in 10% aqueous potassium hydroxide 
(100 c.c.) was kept for } hour, acidified with hydrochloric acid, and extracted with ether. 
Evaporation of the dried extract left stictinic acid, which separated from ethyl acetate-light 
petroleum in clusters of colourless needles (3-9 g.), m. p. 223—224°, which did not lose weight on 
being dried at 100—110° (Found: C, 56-4; H, 4:2. C,y,H,,Oj9 requires C, 56-4; H, 40%). 
This compound, which is readily soluble in hot ethyl acetate and insoluble in benzene, gives a 
blue coloration with alcoholic ferric chloride and an unstable yellow coloration with bleaching 
powder. It dissolves in aqueous sodium bicarbonate with the evolution of carbon dioxide, 
forming a yellow solution. 

Treatment of stictinic acid (0-5 g.) with acetic anhydride (5 c.c.) and pyridine (2-5 c.c.) at 
37° for 16 hours gave rise to the diacetate of stictic acid, m. p. and mixed m. p. 234° (Found : 
C, 58-3; H, 3-8%). 

Methylation of Stictic Acid.—A solution of the compound (2 g.) in acetone (50 c.c.) was 
refluxed with methyl] iodide (5 c.c.) and silver carbonate (4 g.) for 1 hour; a sample did not give 
a ferric chloride reaction. On isolation the product separated from ethyl acetate in tiny needles 
(1-4 g.), m. p. 174° [Found: C, 60-8; H, 4-4; OMe, 21-7. C,,H,O,(OMe), requires C, 60-9; 
H, 4-4; OMe, 22-5%]. When the silver carbonate was replaced by silver oxide (ferric chloride 
reaction negative after 1-5 hours), an isomeric compound was obtained, which separated from 
ethyl acetate-ligroin in clusters of colourless slender needles, m. p. 242—243° (Found : C, 60-6; 
H, 4:5; OMe, 22-7%), moderately soluble in acetone and almost insoluble in warm methyl 
alcohol or benzene. A mixture of the two ethers began to melt at 163°. 


LoNDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. [Received, July 18th, 1935.] 





330. Curare Alkaloids. Part I. Tubocurarine. 
By Haro_p KIne. 


THE South American arrow poisons known as curare were shown by Boehm (Abhandl. 
Kgl. sachs. Ges. Wissensch., 1895, 22, 203) to be of three kinds, distinguished primarily by 
their containers and secondly by their different chemical characteristics. They are (a) 
tubocurare, put up in bamboo tubes, (b) calabash curare, in gourds, and (c) pot curare, in 
small earthenware pots. The active principles were found to be amorphous quaternary 
alkaloids, accompanied, in the cases of tubocurare and pot curare, by inactive crystalline 
tertiary alkaloids. The amorphous nature of the active principles and the rarity of the 
crude native preparations have delayed progress in this field. In connexion with some 
investigations made in conjunction with Dr. Ranyard West, an opportunity arose of 
examining the three types of curare described by Boehm, and I have been able to confirm 
the fundamental soundness of his observations. 

Through the kindness of the Department of Ceramics of the British Museum and of Mr. 
T. E. Wallis, Curator of- the Museum Department of the Pharmaceutical Society, two 
specimens of tubocurare have been examined, with the result that the amorphous active 
principle, called tubocurarine by Boehm, has been crystallised, its composition determined, 
and the relation of its chemical structure to that of the physiologically inactive alkaloid 
curine elucidated. 

The composition of crystalline curine was found by Boehm to be C,,H,,O,N and this 
was confirmed by Spath, Leithe, and Ladeck (Ber., 1928, 61, 1705), who had an opportunity 
of examining Boehm’s own preparation. They further found that curine was the levo- 
modification of d-bebeerine, an alkaloid of Radix Paretrae bravae said to be the dried roots 
of Chondrodendron * tomentosum Ruiz and Pavon (Fam. Menispermaceae). This gavea clue 


* I am indebted to Sir Arthur W. Hill, Director of the Royal Botanical Gardens, Kew, for the 
information that, although Ruiz and Pavon in “ Fl. Peruv et Chil. Prod.,” p. 132 (1794), spelt the 
generic name Chondodendron, it is obviously an orthographic error, and as such must be corrected to 
Chondrodendron. 
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to the possible botanical origin of tubocurare, about which little was known except that it 
came from the region of the Amazon in Brazil. Spath, Leithe, and Ladeck put forward 


CO,H CO,H 


H, 
MeO, H, 
MeO Me 
O 
Hy, 
MeO, CO,H Me 
Me O,H O,H 


(I.) (II.) (III.) 


formula (I) for the O-methyl ether. Such a structure is improbable on steric grounds, 
and in a review of the chemistry of the group of bisbenzyl/soquinoline alkaloids it was 
suggested (King, Ann. Reports, 1933, 30, 249) that curine should have double the formula 
hitherto assigned to it and that it should be represented by a cyclic structure analogous to 
that proposed by Faltis, Wrann, and Kiihas (Amnalen, 1932, 497, 76) for tsochondrodendrine 
(tsobebeerine, an alkaloid which occurs in some specimens of Radix Pareirae bravae). 
Almost simultaneously Spaith and Kuffner (Ber., 1934, 67, 55) arrived at a similar conclusion 
on experimental grounds: they also demonstrated that O-methylcurine, on oxidation of 
the methine obtained by a two-stage Hofmann degradation, gave 2 : 3-dimethoxy-5 : 6 : 4’- 
tricarboxydiphenyl ether (II). This showed that, if the double formula C,,H,,0,N, is 
accepted for curine, its structure is certainly of the tsochondrodendrine type as opposed to 
the tetrandrine type * of bisbenzylisoquinoline, which on oxidation gives 2-methoxy- 
5 : 4’-dicarboxydiphenyl ether (III). On the available evidence Spath and Kuffner pro- 
posed the structure (IV) for O-methylcurine, and for the purposes of the present communic- 
ation this structure, although not proven, may be adopted to illustrate the results which 
have been obtained. 
Hy 
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Tubocurarine chloride, the quaternary active principle of tubocurare, has been crystal- 
lised by the method described in the experimental section. Zanella’s claim (Arch. Ital. 
Scienca Farm., 1932, 3, 239) to have crystallised tubocurarine chloride after removal of 
colloidal substances by ultrafiltration has not been confirmed by Hauschild (Arch. exp. 
Path. Pharm., 1934, 175, 14). In the absence of any analytical data, Zanella’s description 
of the chloride as crystallising in large prisms, lightly coloured yellow, cannot be reconciled 
with my own observations, for tubocurarine chloride crystallises in colourless microscopic 
leaflets. 

Tubocurarine chloride has the composition C3gH,,O,gN.Cl,, which is that of curine metho- 
chloride, and is dextrorotatory, having [«]?%, + 295° for the ion in water. Since curine, 


* The two alkaloidal types named may be regarded as being based respectively on a carbon skeleton 
with an axis of symmetry and a carbon skeleton with a plane of symmetry. 
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which accompanies tubocurarine in the crude drug, is levorotatory in its salts and gives a 
levorotatory methochloride on N-methylation, it follows that d-tubocurarine chloride 
cannot be identical with /-curine methochloride. The contrary assertion in the literature 
is apparently based on Boehm’s statement that curine metho-salts have a curare-like action. 

d-Tubocurarine chloride and /-curine methochloride are isomeric but non-enantiomor- 
phous; the possibility, however, was envisaged that they might be diastereoisomerides. 
Since the supply of /-curine was very limited, whereas d-curine (= d-bebeerine) is readily 
obtainable from Pareira root; degradative experiments have been carried out on d-bebeerine 
for comparison with those on tubocurarine. The former alkaloid, when exhaustively 
methylated on nitrogen and phenolic oxygen, gives amorphous O-methylbebeerine metho- 
salts, as had been previously established by other investigators (Scholtz, Arch. Pharm., 
1911, 249, 408; Spath, Leithe, and Ladeck, Joc. cit.). On degradation by Hofmann’s 
method, O-methylbebeerine methochloride gave a mixture of three different methine bases, 
which were readily separated as their crystalline methiodides. They are inactive 
O-methylbebeerinemethine methiodide A, m. p. 234°, inactive O-methylbebeerinemethine 
methiodide B, m. p. 230°, and d-O-methylbebeerinemethine methiodide, m. p. 190°, [a]54¢, + 
108° in methyl alcohol. There was no evidence for the presence of any levorotatory 
substance. The two methiodides A and B are quite distinct substances, they are not 
interconvertible and give different colour reactions with sulphuric acid. Accompanying 
these three methiodides, a small amount of a fourth with m. p. above 300° was isolated, 
extremely sparingly soluble in boiling methyl alcohol and giving with sulphuric acid an 
immediate cherry-red colour, passing into an intense blue on heating. Since these proper- 
ties are shown by O-methyl-«-zsochondrodendrinemethine methiodide (Faltis and Neumann, 
Monatsh., 1921, 42, 335), the derivative of an alkaloid «-isochondrodendrine, which might 
possibly occur as an impurity in the bebeerine used, the fourth methine is provisionally 
considered to have arisen from this source. 

When the Hofmann degradation was carried a stage further on the mixed O-methyl- 
bebeerinemethine methochlorides, they readily gave trimethylamine and a nitrogen-free 
substance, C3g,H,,0,, m. p. 198—199°. On the basis of (IV) for O-methylbebeerine this has 
the structure (V) and on oxidation it should give two isomeric acids, one of which (II) has © 
already been isolated by Spath and Kuffner. 

d-Tubocurarine chloride on O-methylation gave a very well-crystallised, sparingly 
soluble d-O-methyltubocurarine todide, m. p. 266—267°. This was converted into crys- 
talline d-O-methyltubocurarine chloride, which on degradation by Hofmann’s method gave a 
mixture of methines. They were converted into methiodides and readily separated into 
four different methine methiodides. Three of these were identical in all respects with the 
three methine methiodides (two inactive and one dextrorotatory) obtained from d-bebeerine 
as described above. The fourth 1-O-methyliubocurarinemethine methiodide occurs in two 
forms, a stable form, m. p. 178—180°, crystallising in aggregates of plates, and a less stable 
form, m. p. 171—172°, [«]54¢; — 56-9° in methyl alcohol, crystallising as a felt of silky 
needles. This methiodide was absent from the bebeerine salts and no evidence was found 
for the presence of any ofits d-enantiomorph. At the second stage of the Hofmann degrad- 
ation the mixed O-methyltubocurarinemethine methochlorides gave trimethylamine and a 
nitrogen-free substance, C3gH3,O, (V), m. p. 198—199°, identical with that obtained from 
0-methylbebeerine methochloride. 

The results thus obtained are somewhat novel, but may be interpreted without difficulty 
on the basis of formula (IV) for O-methylbebeerine. O-Methylbebeerine methochloride 
and O-methyltubocurarine chloride are both represented by formula (VI) with two asym- 
metric carbon atoms adjacent to the nitrogen atoms. Such a structure will occur in four 
optically active forms, two dextrorotatory and two levorotatory, and on degradation by 
Hofmann’s method each form can yield four different methines depending on which side of 
the nitrogen atom fission of the nitrogen-containing ring takes place. In each case one of 
the methines will be inactive with the structure (VII) and the other three methines will be 
optically active, two of the three obvious alternatives being (VIII) and (IX). 

The assumption is made that in O-methylbebeerine methochloride each centre of asym- 
metry is dextrorotatory, whereas in O-methyltubocurarine chloride one centre is dextro- 
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and the other levo-rotatory. Since the same dextrorotatory methine methiodide, m. p. 
190°, is formed from both alkaloids, this substance can only have retained the common 
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dextro-centre of asymmetry and should have the structure of a dimethiodide based on 
(VIII) or (IX). The levorotatory methine methiodide obtained only from O-methyl- 
tubocurarine chloride is therefore probably represented by (IX) or (VIII), in which only 
the levo-centre of asymmetry has survived. The alternative view that it has two asym- 
metric centres, a levo preponderating over a dextro, and two vinyl groups is less likely. 

At first sight it is not clear why O-methyltubocurarine chloride and O-methylbebeerine 
methochloride should yield two inactive methine methiodides. The view that one of them 
is only apparently inactive and contains a dextro-centre of asymmetry neutralising the 
numerical effect of a levo-centre of asymmetry cannot be reconciled with the facts already 
stated. The most likely interpretation seems to be that these two inactive methine meth- 
iodides are devoid of centres of asymmetry, the parent methines being shown by (VII), 
and that the isomerism is due to a cis-trans arrangement of one of the two ethylene linkages 
or of both. In the degradation of simple isoquinoline alkaloids by Hofmann’s method 
there is always the possibility of the formation of two inactive cis-trans isomeric methines, 
although such have apparently never hitherto been observed. In the present instance the 
fact that the two tsoquinoline nuclei are part of a cyclic structure may tend to the stabilis- 
ation of two out of the four possible forms. 

Incidentally these results support an unsymmetrical structure such as (IV) for O- 
methylbebeerine as opposed to a symmetrical structure such as has been attributed to 
tsochondrodendrine. 

Although O-methylbebeerine methochloride and O-methyltubocurarine chloride are 
diastereoisomerides based on some such structure as (VI), it is probable that the parent 
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phenolic substances bebeerine methochloride and tubocurarine chloride, although isomeric, 
differ in the orientation of hydroxyl and methoxyl groups. Tubocurarine chloride has 
the property of forming a sparingly soluble phenolic-betaine on treatment with a mild 
alkali, a property not observed in the case of bebeerine methochloride, although here the 
formation of a soluble phenolic-betaine is not excluded. This phenolic-betaine is of con- 
stitutive importance, as is the observation that neither alkaloid can have a catechol 
arrangement of hydroxyl groups. The formation of the phenolic-betaine from tubocurarine 
suggests the same orientation of hydroxyl groups relative to the quaternary nitrogen atoms 
in both zsoquinoline portions of the-molecule. On this basis tubocurarine chloride may be 
provisionally represented by (X) and the phenolic-betaine by (XI). 

On the evidence at present available it is not possible to give the orientation of phenolic 
and methoxy-groups in bebeerine methochloride, but, if the structure (X) be excluded by 
the apparent non-formation of a phenolic-betaine, there are still four other formule possible 
which do not involve a catechol arrangement of the free phenolic groups. 

The discovery of the close chemical relationship between d-tubocurarine chloride and 
l-curine suggests that the alkaloidal constituents of tubocurare are almost certainly derived 
from a single botanical species. Both alkaloids may be regarded as being built up from 
two norcoclaurine units, the extent and site of methylation differing in the two cases. 
The search for the botanical origin of tubocurare now involves a botanical, chemical, and 
pharmacological survey of Brazilian plants in the family Menispermaceae, and particularly 
in the genus Chondrodendron. 

I am indebted to Dr. G. L. Brown for testing the physiological activity of various 
fractions from the tubocurare preparations. d-Tubocurarine chloride produced complete 
“curare’”’ paralysis of the frog on doses of 0-5 mg. per kilo. The isomeric substance, 
d-bebeerine methochloride, had about one-fortieth of the activity. 

It is, in conclusion, of more than passing interest that the alkaloid coclaurine, which 
is a secondary base and the monomethyl ether of norcoclaurine (Kondo and Kondo, 
J. pr. Chem., 1930, 126, 24), the unit on which these alkaloids are based, has a true but 
weak curare action (Plugge, Arch. exp. Path. Pharm., 1893, 32, 266). 


EXPERIMENTAL. 


Tubocurare. Isolation of \-Curine and d-Tubocurarine Chloride.—Tubocurare (25 g.) from 
the Museum of the Pharmaceutical Society (compare Pharm. J., 1843—4, 75) was dissolved in 
warm aqueous tartaric acid (625 c.c. of 1%), cooled, filtered, and made alkaline by addition of 
saturated aqueous sodium hydrogen carbonate (250 c.c.). Four extractions with ether removed 
crude curine (3-0 g.) and further extractions with chloroform gave a still cruder product (1-0 g.). 
The aqueous liquor was straightway made acid to Congo-paper with 2N-sulphuric acid (100 c.c.), 
and 0-5N-basic lead acetate (800 c.c.) added. The precipitate and filtrate were separately 
decomposed with hydrogen sulphide, the lead sulphide removed, and the filtrates concentrated 
to yield solutions A and B respectively. Solution B (420 c.c.) was treated with sulphuric acid 
(21 g.), followed by 25% phosphotungstic acid solution in 5% (by weight) sulphuric acid (70 c.c.). 
The collected precipitate was decomposed with hot saturated baryta.solution in excess, and the 
alkaline filtrate from the barium sulphate and barium phosphotungstate exactly neutralised 
to Congo-paper with 50% sulphuric acid. The barium sulphate was again removed, and the 
filtrate subjected to exact double decomposition with barium chloride solution. The filtrate 
(250 c.c.), mow containing the alkaloid and any basic material as chlorides, was saturated, with 
mechanical stirring, with finely powdered mercuric chloride (25 g.). Crude tubocurarine chloride 
mercurichloride was precipitated as a granular creamy solid, which was collected and decomposed 
with hydrogen sulphide; mercuric sulphide was removed, and the filtrate evaporated to dryness, 
leaving an amorphous gum, C (1-96 g.). The mother-liquors of the phosphotungstic acid pre- 
cipitation and of the mercuric chloride precipitation, tested physiologically by the frog-paralysis 
test, were free from active principle, but solution A contained somewhat less than one half of the 
total activity originally present. Solution A was therefore submitted to the same phosphotungstic 
acid—mercuric chloride process as solution B, and gave finally an amorphous gum, D (1-44 g.). 
When C was dissolved in a little water and kept at 0°, a white microcrystalline powder was 
deposited (1-38 g.); this served as the source of an inoculum for D, which gave 1-01 g. 
Eventually, by recrystallisation from water, d-tubocurarine chloride (1-18 g.) was obtained pure, 
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crystallising in microscopic leaflets with a characteristic sheen, m. p. 274—275° (efferv.) (Found * : 
C, 58-1; H, 6-7; N, 3-5; Cl, 9-5; MeO, 8-4; loss at 80° in a vacuum over P,O,, 7:8. 
C33HyO,N,Cl,,5H,O requires C, 58-0; H, 6-9; N, 3-6; Cl, 9-0; 2MeO, 7-9; loss of 3}H,O, 
8-0%). Another completely different preparation analysed by a different analyst gave con- 
firmatory results (Found: Loss at 80° in a vacuum over P,O;, 11:2. C3,H,,O,N,Cl,,5H,O 
requires H,O, 11-5%. Found for dried solid: C, 65-7, 65-5; H, 6-4, 6-5; N, 4-6, 4-4. 
C3,HyO,N,Cl, requires C, 65-6; H, 6-4; N, 40%). The specific rotation of the hydrated salt 
was determined in water: [«]?%,, + 235° (c = 0-97), whence for anhydrous salt [a];4,, + 264-8° 
and for the ion [«];4., + 295°. A saturated aqueous solution of tubocurarine chloride gives a 
weak green colour, intensified by warming and cooling, on addition of ferric chloride solution. 
Addition of sodium carbonate solution causes the separation of a yellow-brown precipitate. 
The alkaloid reduces ammoniacal silver on warming and gives amorphous precipitates with gold 
and platinum reagents, with potassium iodide, bromide or thiocyanate, with mercuric chloride, 
ammonium nitrate and perchloric acid. On addition of solid sodium hydrogen carbonate to 
a saturated solution of tubocurarine chloride, a granular amorphous powder gradually separates 
of the phenolic-betaine. Itis readily soluble in the solution on warming and separates on cooling. 
It is immediately dissolved by caustic alkalis. The phenolic-betaine has been encountered in 
working up crude tubocurare and is a potential source of loss of activity unless all precipitates 
are carefully examined for alkaloid by an alkaloidal reagent or by the frog-paralysis test. 

Although tubocurarine chloride is the only salt which has been crystallised, and it does not 
crystallise very readily from aqueous solutions unless almost pure, refractory mother-liquors 
are readily crystallised by conversion into the O-methy] ether. 

O-Methyltubocurarine Iodide.—Tubocurarine chloride (0-695 g.) was added to 0-5N-methyl- 
alcoholic potash (6 c.c.), followed by methyl iodide (2 g.). After gentle digestion for an hour, 
crude O-methyltubocurarine iodide separated (0-85 g.), which was crystallised from water 
(17-5 c.c.) containing potassium iodide (0-1 g.). One more crystallisation from 20 parts of 
boiling water gave pure O-methyltubocurarine iodide (0-6 g.), bold tablets, m. p. 267° (efferv.) 
(Found: Loss at 100° in a vacuum over P,O,, 5-5. CyH,,0,N,1,,3H,O requires H,O, 5-6%. 
Found for anhydrous salt: C, 51-8, 51-7; H, 5-6, 5-5; N, 2-9, 2-8; I, 27-9, 28-0; MeO, 13-6, 
13-4. CygH,,O,N,I, requires C, 52-9; H, 5-3; N, 3-0; I, 28-0; 4MeO, 13-7%). The deficiency 
in carbon must be attributed to faulty analysis and is in keeping with the very great difficulty of 
obtaining maximum carbon values for bebeerine and its derivatives (compare Faltis and Neu- 
mann, Monaish., 1921, 42, 328). It is impossible to reconcile the analytical results for tubo- 
curarine chloride and O-methyltubocurarine iodide with any structure based on only one benzyl- 
isoquinoline nucleus. 

The rotation of O-methyltubocurarine iodide was determined in water: [«]54., -++ 178-2° 
(c = 1-01) for the hydrated salt, whence [«],4., + 188-7° for the anhydrous salt and [«]54¢, + 262-1° 
for the ion. : 

1-Curine.—The crude curine obtained from the ether and chloroform extracts crystallised 
from methyl alcohol in characteristic fashion with methyl alcohol of crystallisation, which 
was readily lost by efflorescence. It melted at 213° and raised the m. p. of d-bebeerine to over 
280° in agreement with the findings of Scholtz (Arch. Pharm., 1906, 244, 555) and Spath, Leithe, 
and Ladeck (/oc. cit.). A portion of the pure base was crystallised as the dihydrochloride for 
physiological assay and, apart from the rotation, agreed in appearance, solubility and behaviour 
with d-bebeerine dihydrochloride. 

Degradation of O-Methyltubocurarine Iodide by Hofmann’s Method.—Pure O-methyltubo- 
curarine iodide (2-56 g.) was converted without loss into O-methyltubocurarine chloride, which 
was much more readily soluble in water and crystallised in elongated six-sided plates. The 
solution (30 c.c.) was treated with sodium hydroxide (6 g.) and boiled for 1 hour. The solution 
and insoluble gum were extracted six times with ether, and the combined ethereal solutions 
extracted with six successive portions of N/10-hydrochloric acid. The observed rotations of 
the six extracts in a 1 dcm.-tube were (a) + 1-27°, (b) + 2-84°, (c) + 1-89°; (d) — 0-29°, (e) and 
(f) inactive. Fractions (a) to (c) were neutral to Congo-paper, but (d) was acid. The base 
regenerated separately from each fraction weighed (a) 0-367 g.; (b) 0-365 g.; (c) 0-357 g.; 
(d) 0-138 g.; (e) and (f) 0-025 g., the corresponding specific rotations being (a) + 34-7°; (b) 
+ 77-9°; (c) + 53-1°, and (d) — 20-8°. Each fraction in methyl alcohol (10 c.c.) and methyl 
iodide (2 c.c.) was boiled for 1 hour and then allowed to crystallise at 0°. The methiodides 
crystallised readily and each solution except (c) and (d) showed the presence of a mixture of 


* All analyses are micro. 
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two different methiodides, one of which, crystallising in stout, pale yellow prisms, was common 
to (a), (b), and (c). The various crops were collected, and the different crystalline salts picked 
out by hand as far as possible. The stout yellow crystals common to (a), (b), and (c) were com- 
bined (0-236 g.) and crystallised from boiling methyl alcohol (20 c.c.); they separated in small 
clear tablets or short prisms (0-122 g.), which rapidly effloresced and became white and opaque. 
This substance, O-methyliubocurarinemethine methiodide B, melted at 230° and was optically 
inactive. In cold sulphuric acid it appears to be almost insoluble and at the most may show 
a slight pink colour, but on warming, solution takes place and a deep port-wine colour is produced 
(Found : Loss at 80° in a vacuum over P,O,, nil; C, 51-3, 51-1; H, 5-7, 5-8. C,gH;,0,N,I,,24H,O 
requires C, 51-5; H, 59%). This salt, analysed on the macro-scale for solvent content soon 
after it had effloresced, lost 2-3% at 90°. When kept for micro-analysis, it took up water corre- 
sponding to 2} molecules, which were not lost at 80° in a vacuum over P,O;. The initial 
efflorescence is apparently due to ready loss of methyl] alcohol of crystallisation, which is slowly 
replaced by more firmly bound water of crystallisation. This salt is identical with O-methyl- 
bebeerinemethine methiodide to be described later, so the two names are synonymous. 

The second crystalline salt from solution (a) crystallised in colourless leaflets (0-296 g.) 
which, recrystallised from boiling methy] alcohol (15 c.c.), separated in elongated rhomb-shaped 
leaflets (0-227 g.), m. p. 234° with formation of a meniscus towards 250°. This substance is 
O-methyltubocurarinemethine methiodide A and is optically inactive. It dissolves instantly in 
cold sulphuric acid with development of an intense cherry-red colour, which becomes a deep 
port-wine on heating (Found: Loss at 110°, 5-1; C, 51-1, 51-1; H, 5-7, 5-8. C,ysH;,O,N,1,,2}H,O 
requires C, 51-5; H, 5-9; H,O, 46%). This salt is identical with O-methylbebeerinemethine 
methiodide A to be described later. 

The second crystalline salt from solution (b) crystallised in hemispherical compact tufts 
(0-203 g.), which readily: dissolved in boiling methyl alcohol (3 c.c.) and separated in diamond- 
shaped plates, m. p. 190°, of d-O-methyltubocurarinemethine methiodide. In cold sulphuric acid 
it gave a slight pink colour, which deepened at 100°, and on heating more strongly gave a port- 
wine coloration (Found: Loss at 90°, 7-6; C, 49-0, 49-1; H, 5-7, 5-8. C,,H,,0,N,1,,5H,O 
requires C, 49-2; H, 6;1; H,O, 8-8%). The specific rotation of the anhydrous salt was deter- 
mined in methyl alcohol: [a]545,; + 105° (c = 0-22). This salt is identical with d-O-methyl- 
bebeerinemethine methiodide to be described later. 

The methiodide from solution (d) crystallised as a felt of yellow-brown needles (0-062 g., 
m. p. 172°). The specific rotation, determined before recrystallisation, of the anhydrous salt 
was [a]546: — 57° (c = 0-22) in methylalcohol. The rotation liquors were boiled down (charcoal) 
and 1-O-methyliubocurarinemethine methiodide separated in silky needles (27-7 mg.), m. p. 171— 
172° (Found: Loss at 80° in a vacuum over P,O;, 5:7. C,.H,;,0,N,I,,4H,O, losing 3H,O, 
requires H,O, 5-4%. Found for the dried solid: C, 52-5, 52-4; H, 5-8, 5-8. C,,H;,0,N,1,,H,O 
requires C, 52:9; H, 5-7%). Independent confirmation of the tetrahydrate was found by drying 
the salt at ordinary pressure at 90° (loss, 7-4; calc. for 4H,O, 7-2%). When the silky needles 
of the salt were warmed with a little methyl] alcohol, they changed into clusters of plates, m. p. 
178—180°. . This form (22-3 mg.) was in addition isolated from the mother-liquors of fraction 
(d). Both forms are insoluble in cold sulphuric acid, but dissolve on gentle warming with 
development of a permanganate-pink colour, which on further heating rapidly passes into a 
port-wine colour and finally becomes brown. 

The mother-liquors of fractions (a) to (d) were combined and the mixed methine methiodides 
were converted into methochlorides and then boiled with 20% sodium hydroxide solution (25 c.c.) 
for 1 hour. The trimethylamine evolved was collected in 3N-hydrochloric acid and gave tri- 
methylamine aurichloride (26-5 mg.). The amorphous, gummy, nitrogen-free solid was taken 
up in chloroform, and the solvent removed; the residue (0-8 g.), on solution in hot glacial 
acetic acid (15 vols.), crystallised readily, and was pure after one more crystallisation. This 
neutral substance, m. p. 198—199°, crystallises in large diamond-shaped plates which are 
identical with the product obtained in a similar way from O-methylbebeerinemethine metho- 
chloride to be described below. It dissolves straightway in cold sulphuric acid with production 
of a cherry-red colour, which rapidly becomes brown on heating. 

Methylation and Degradation of d-Bebeerine by Hofmann’s Method.—d-Bebeerine (30 g., m. p. 
213°, prepared from Radix Pareivae bravae) was boiled for 2 hours with methyl alcohol (250 c.c.) 
containing potassium hydroxide (7-0 g.) and methyl iodide (50 g.) and on cooling set to a wax. 
After addition of a further quantity of 0-5N-methyl-alcoholic potash (50 c.c.) and methyl iodide 
(10 g.), boiling was continued for a further 4 hours. The product was poured into a large volume 
of water, and the methyl alcohol removed by distillation under reduced pressure. The warm 
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aqueous solution of the iodide was treated with silver chloride in excess, the insoluble solid 
removed, and the aqueous liquor concentrated to a thick gum. This was boiled for 1-5 hours 
with 20% sodium hydroxide solution (350 c.c.)._ The insoluble amorphous solid and the aqueous 
liquor were extracted repeatedly with ether, leaving undissolved a portion of the amorphous 
solid, which was, however, completely soluble in chloroform. The combined ethereal extracts 
were fractionally extracted with nine successive portions, each of I00 c.c., of 0-1N-hydrochloric 
acid. Extracts 1 to 7 were neutral to Congo-paper, the eighth was very faintly acid, and the 
ninth strongly so, indicating exhaustion of the alkaloid bases. The rotations of the solutions 
were determined and then the bases were recovered through ether and weighed. The average 
weight of each fraction was 3-4 g. and, calculated with this value, the various fractions had the 
following approximate specific rotations for the mercury green line: (1) + 5-7°, (2) + 13-2°, 
(3) + 62-9°, (4) + 104-7°, (5) + 113-5°, (6) + 115-3°, (7) + 114-7°, (8) + 113-3°. The base 
from (1) or (2) readily crystallised from concentrated ethereal solution and is called O-methy]l- 
bebeerinemethine A, m. p. 121—122°. It has not been examined fully; but gives on methyl- 
ation O-methylbebeerinemethine methiodide A, m. p. 234° with formation of a meniscus between 
240° and 250°. Fractions (5), (6), and (7) were combined and gave d-O-methylbebeerinemethine 
from ethereal solution, as a crystalline solid with waxy texture liquefying at about 115° and 
effervescing at about 125°, but not further examined. It gives on methylation d-O-methyl- 
bebeerinemethine methiodide, m. p. 190°. For the examination of the various fractions it was 
found preferable to convert all methine bases into methiodides by boiling in methyl-alcoholic 
solution with excess of methyl iodide. Fortunately there is no tendency for: the formation of 
mixed crystals and by fractional crystallisation from methyl alcohol it has been found possible 
to isolate four different methine methiodides. Fractions (1), (2), and’ (3) were worked up 
separately and each contained a small quantity of a very sparingly soluble, crystalline substance 
which, from its properties, is considered to be O-methyl-«-isochondrodendrinemethine meth- 
iodide (see introduction). The main constituent of fractions (1), (2), and (3) was, however, 
inactive O-methylbebeerinemethine methiodide A. This salt crystallised from methyl alcohol in 
elongated rhomb-shaped leaflets. It dissolved in cold sulphuric acid with a cherry-red colour, 
changing to deep port-wine on heating. It is identical in all respects with inactive O-methyl- 
tubocurarinemethine methiodide A (Found: loss at 110° in a vacuum over P,O,, nil; C, 51-3, 
51-3, 51-4; H, 5-9, 5-9, 5-7. C,y.H;,0,N,1,,2}H,O requires C, 51-5; H, 5-9%). Although 
no water of crystallisation was found by the micro-analyst under the above conditions, 
the substance readily lost 2}H,O at 110° at the ordinary pressure (Found: loss, 4-8, 5-5. 
C,y.H;,0,N,1,,2$H,O requires H,O, 4-6%). 

Fractions (3) and (4) both gave inactive O-methylbebeerinemethine methiodide B, m. p. 230°, 
which separated in small tablets or rhombs from methyl alcohol. These readily effloresced in 
the air and became white and opaque (Found: C, 53-1, 53-2; H, 5-7, 5-7. C, H,,0,N,I], 
requires C, 53-9; H, 5-6%). From water it crystallised in clusters of prismatic needles. With 
sulphuric acid it gave a slight pink colour, which became port-wine-coloured on heating. This 
salt is identical in all respects with O-methyltubocurarinemethine methiodide B. 

Fractions (3) and (4) also contained d-O-methylbebeerinemethine methiodide, m. p. 190°, as 
was proved by its isolation. It is much more soluble in methyl alcohol than either of the 
inactive methiodides A and B. It crystallises in diamond-shaped plates (Found : loss at 110°, 
9-3; C, 48-7, 48-9; H, 5-7, 5-6. C,.H,;,O,N,I,,53H,O requires H,O, 9-6; C, 48-8; H, 61%). 
The specific rotation of three different preparations of the anhydrous salt was determined in 
methyl alcohol, the values being [«]545, + 108°, + 108-5°, and + 113-5°. It is identical in all 
its properties with d-O-methyltubocurarinemethine methiodide. In cold sulphuric acid it 
gave a slight pink colour, which became deeper at 100° and turned to a port-wine colour on 
stronger heating. 

This dextrorotatory salt is the main constituent of fractions (5) to (8), the other constituent 
being the inactive methiodide B. From the above results it is clear that the inactive methine 
A is the most basic of the three methines, the d-methine the least basic, and the inactive methine 
B of intermediate basicity. 

Before the above method of separation had been worked out, it was found that, if any one 
of fractions (5) to (8) before methylation was left in cold methyl-alcoholic solution with methyl 
iodide, a very sparingly soluble methiodide separated, m. p. 261°. This salt required about 
100 volumes of boiling methyl] alcohol to dissolve it and separated in microscopic square plates. 
In cold sulphuric acid it gave a faint pink colour, noticeably increased by warming, and on 
heating, gave a port-wine colour, passing into brown. It was soluble in N-hydrochloric acid 
with [a]546, + 63°. On analysis it proved to be a monomethiodide (Found: loss at 100°, 1:8; 
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C, 60-7; H, 61. Cy H,O,N,I,H,O requires C, 60-7; H, 6-3; H,O, 2-2%). Although it 
crystallised like a.pure substance, its composite nature was proved by digestion in methyl 
alcohol with methyl iodide; the sparingly soluble, inactive methine methiodide B and the 
relatively soluble, dextrorotatory methine methiodide, m. p. 190°, were then both isolated in 
similar quantities. The explanation favoured is that the monomethiodide, m. p. 261°, is an 
additive compound or mixéd crystal of two monomethiodides which are non-separable by 
crystallisation but when converted give two dimethiodides of widely divergent solubilities. It 
has not been possible to estimate the amount of the two components present. 

Second Stage of the Hofmann Degradation.—The methyl-alcoholic mother-liquors of fractions 
(1) to (8) were combined, distilled to a small volume, and boiled with methyl iodide (2 c.c.) 
to ensure complete methylation. The mixed methine methiodides were converted quantit- 
atively into the methochlorides in aqueous solution (100 c.c. after concentration), treated with 
sodium hydroxide (20 g.), and boiled for 1-5 hours. The trimethylamine evolved was collected 
in 3N-hydrochloric acid and readily gave trimethylamine aurichloride, m. p. 257° (Found: 
Au, 49-0. Calc., 49-4%).. The alkaline liquor and insoluble amorphous resin were extracted 
with chloroform, in which the latter readily dissolved. The chloroform on evaporation left 
a gum (9-7 g.), which readily crystallised when moistened with glacial acetic acid. After three 
crystallisations from glacial acetic acid, the nitrogen-free substance, which may be called 
O-methylbebeerilene for convenience (compare McDavid, Perkin, and Robinson, J., 1912, 101, 
1218), was obtained pure, m. p. 198—199°. It crystallised from 27 vols. of boiling acetic acid 
in diamond-shaped plates which persistently retain traces of inorganic salts (Found: C, 76-7; 
H, 5-6. C,,H,,0O, requires C, 77-1; H, 5-7%). O-Methylbebeerilene gives an immediate 
intense cherry-red colour with cold sulphuric acid. It is identical in all respects with the 
nitrogen-free substance prepared in a similar way from.O-methyltubocurarine as described above. 
On examination of the acetic acid crystallisation liquors, evidence was found of a second crystal- 
line substance. It is possible that this is an isomeric substance with a different cis-tvans 
arrangement of double bonds. If so, the two nitrogen-free substances would correspond to 
the two inactive methine methiodides described earlier in this paper. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
HAMPSTEAD. [Received, August 10th, 1935.] 





331. Triarylpyrylium Borofluorides. 
By W. C. Dovey and RoBERT ROBINSON. 


It is doubtful whether the new synthesis of $-diketones described by Meerwein and 
Vossen (J. pr. Chem., 1934, 141, 149), whereby methyl ketones and acid anhydrides are 
treated with boron trifluoride, is a general one, but a good case is represented by the 
preparation of benzoylacetone. 

In attempting an extension of the process, but still using acetophenone, we obtained 
2:4:6-triphenylpyrylium borofluoride, convertible into the known triphenylpyrylium 
ferrichloride of Dilthey (J. pr. Chem., 1916, 94, 53; 95, 116). A better yield of the same 
salt was obtained when an equivalent mixture of acetophenone and phenyl styryl ketone 
was treated with boron trifluoride. The latter type of synthesis was applied to the 
preparation of 2 : 4 : 6-tri-p-methoxyphenylpyrylium borofluoride; the yields were superior 
to those obtained by the use of ferric chloride as in Dilthey’s process (loc. cit.). 

The mechanism of the reaction (from acetophenone) is obscure. The most natural 
suggestion is that shown below : 

BF, 
HBF, oO 


PhCO COPh_. PhCO COPh_. Ph” ph ” 
+e” RE ee ee toe 
\ Ph 
CPhMe PhMe 


This would harmonise with the absence of strong oxidising agents in the system and with 
the elimination of methane in Riehm’s synthesis (Annalen, 1887, 238, 16) of triphenyl- 
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pyridine from acetophenone and ammonium chloride (cf. Engler and Heine, J., 1873, 28, 
1036) and the similar decomposition of the Guareschi compounds (Guareschi, Chem. 
Zentr., 1897, i, 927). Methane does not, however, appear to be a product of the reaction, 
so the fate of the methyl group has not been determined. 

The first stage of the process with acetophenone and phenyl styryl ketone is doubtless 
the formation of benzylidenediacetophenone. 


EXPERIMENTAL. 


2:4: 6-Triphenylpyrylium Borofluoride—(A) Acetophenone (10 g.) was saturated with 
boron trifluoride prepared from potassium borofluoride (19 g.), boric anhydride (3-5 g.), and 
concentrated sulphuric acid (60 c.c.) according to Krause and Nitsche’s method (Ber., 1921, 54, 
2784). Heat was evolved and the colour changed from pale yellow to deep greenish-yellow. 
The reaction was completed by heating at 120° for 15 minutes. After cooling, the mass was 
shaken with benzene and water, and the solid collected; it crystallised from alcohol in fine 
yellow needles, m. p. 225—226° (yield, 2-4 g. or 22%). 

(B) A mixture of phenyl styryl ketone (8 g.) and acetophenone (4:8 g.) was heated until 
homogeneous and was then saturated with boron trifluoride prepared from potassium boro- 
fluoride (38 g.), boric anhydride (6-5 g.), and sulphuric acid (125 c.c.); the mixture became 
deep cherry-red and the temperature rose to 90°. On cooling, the melt became very viscous; 
it was shaken with benzene and water and the yellow precipitate was collected, washed, and 
dried (yield, 4-6 g. or 61%). 

2:4: 6-Triphenylpyrylium borofluoride is insoluble in benzene and its pale greenish-yellow 
solution in concentrated sulphuric acid exhibits an intense greenish-blue fluorescence. The 
alcoholic and acetone solutions also are fluorescent (Found : C, 67-5; H, 4-6. C,;H,,OF,B,0-66H,O 
requires C, 67-7; H, 45%). The results are difficult to interpret except as suggested. The 
presence of boron and fluorine was confirmed qualitatively, and when the salt was heated with 
sulphuric acid boron trifluoride was evolved. When the borofluoride was shaken with an 
excess of aqueous sodium acetate containing a little alcohol, the yellow colour gradually 
disappeared owing to the formation of the pseudo-base, which was then taken up in ether. 
The separated ethereal solution was mixed with a saturated solution of ferric chloride in 
concentrated hydrochloric acid; the 2:4: 6-triphenylpyrylium ferrichloride precipitated 
crystallised from acetone—benzene in yellow needles, m. p. 227° alone or mixed with the 
product of Dilthey’s process (loc. cit.). 

2:4: 6-Tri-p-methoxyphenylpyrylium Borofluoride.—(A) p-Methoxyacetophenone (10 g.) was 
treated like acetophenone in the previous example; the mixture gradually became dark 
bluish-red. Impure 2: 4: 6-trianisylpyrylium borofluoride was isolated as a maroon pre- 
cipitate (yield, not greater than 10%). A much better method is the following. 

(B) ~-Methoxyphenyl -methoxystyryl ketone (5-4 g.) and p-methoxyacetophenone (3 g.) 
were mixed at 70° and boron trifluoride (from potassium borofluoride, 19 g.) was passed in until 
saturation occurred; the colour changed from pale yellow to deep bluish-red. A small sample 
being non-fluorescent in alcohol or acetone solution, the mixture was heated at 120° for 15 
minutes. It was then cooled and worked up as previously described; the brick-red semi- 
crystalline product was freed from initial materials by washing with benzene (yield, 3-8 g. or 
32-7%). 

2:4: 6-Tri-p-methoxyphenylpyrylium borofluoride crystallised from glacial acetic acid in 
small, thin, orange prisms, m. p. 345—347° (Found: C, 63-9; H, 4-9. C,,H,,0,F,B requires 
C, 64-2; H, 4-7%), soluble in alcohol or acetone to yellow, greenish-yellow fluorescent solu- 
tions. Directly treated with aqueous picric acid, it afforded the picrate in orange needles, 
m. p. 270° (lit., 278°). 

The pseudo-base was rendered to ether in the presence of aqueous sodium carbonate, and 
the tri-p-methoxyphenylpyrylium ferrichloride prepared from the ethereal solution. The 
derivative crystallised from acetic acid in glistening brown plates and flat prismatic needles, 
m. p. 270° alone or when mixed with an authentic specimen. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 30th, 1935.) 
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332. Hydrogenation under the Action of Selenium. Part I. The Action 
of Selenium on Cholesterol at 230°. 


By CHARLES DoREE and VLADIMIR A. PETROW. 


WE have recently shown (J., 1934, 1129) that cholesterilene, when heated with selenium 
at 230°, gives the saturated hydrocarbon cholestane. At this relatively low temperature 
dehydrogenation to aromatic ring systems does not take place and the main effect is a 
transfer of hydrogen to the unsaturated linkage. Ruzicka and Peyer (Helv. Chim. Acta, 
1935, 18, 676; compare ibid., 1934, 17, 442) have found that indene derivatives also, in 
the presence of selenium at about 350°, pass smoothly into almost homogeneous hydrindene 
derivatives, and Yokoyama and Kotake (Bull. Chem. Soc. Japan, 1935, 10, 138) mention 
that when oleic acid is heated with selenium at 300° partial reduction occurs, so even at 
these high temperatures where dehydrogenation is normal, specific types of hydrogenation 
may take place. 

We have now investigated the action of selenium at 230° on cholesterol, the chief product 
being the saturated ketone cholestanone (I) in a yield of 30—40%. By diminishing the 
time of heating to 10 hours, cholestanone was obtained together with smaller quantities 
of cholestanol and cholestenone. 

The production of ketonic derivatives from cholesterol under various conditions of 
heating has frequently been observed. For instance, cholesterol, when heated alone at 
310°, yields 6-cholesterol and cholestenone, hydrogen being evolved (Diels and Linn, Ber,, 
1908, 41, 260). Heilbron and Sexton (J., 1928, 347), by dry distillation of cholesterol at 
atmospheric pressure, obtained coprostene and coprostenone, and Windaus (Amnalen, 
1927, 453, 101), by heating cholesterol with nickel at 180° in the absence of hydrogen, 
obtained the saturated ketones cholestanone and coprostanone, allocholesterol (copro- 
stenol) probably being formed as an intermediate product. The action of selenium at 
moderate temperatures of heating is of the same type. The hydrogen required for the 
reaction is probably formed by the breakdown of a portion of the cholesterol, the selenium 
facilitating its transfer to the unsaturated linkage. The cholestanol thus formed is then 
dehydrogenated to cholestanone. 

Derivatives of the coprostane series have not been isolated by the action of selenium. 
Cholesterol gave cholestanone and no coprostanone; cholesterilene yielded only cholestane. 
Windaus and Seng (Z. physiol. Chem., 1921, 117, 158) have shown that by hydrogenation of 
cholesterilene with palladium and hydrogen both cholestane and coprostane are produced. 
We have noticed that cis-unsaturated acids such as oleic acid are readily converted into the 
trans-isomerides by heating for a few hours with selenium at 230°. By analogy, selenium 
may favour the production of cholestane (¢vans-form) in preference to coprostane (cis-form). 

Cholestanone was characterised by the formation of a semicarbazone, m. p. 234—238", 
and a tetrahydrocarbazole derivative, m.p. 180—181°, which gave a picrate, m. p. 209— 
210° (derivatives not previously described).. It was originally observed that coprostanone 
(Dorée and Gardner, J., 1908, 98, 1625), when heated with phenylhydrazine in glacial acetic 
acid solution, passed at once into the tetrahydrocarbazole derivative without formation 
of the hydrazone (Dorée, J., 1909, 95, 653). The formation or non-formation of an angular 
tetrahydrocarbazole derivative (e.g., III) in this simple way may afford useful evidence 
as to the relative positions of the unsaturated linking and the ketonic group in the sterol 
ketones. If the former is in the «$-position as in cholestenone, the reaction does not 
take place. With coprostanone, cholestanone, and, as we have recently found, with 
lanostenone the reaction goes smoothly, thus showing that position C, is occupied by a 
methylene group. The reaction is being further examined from this point of view. 

The tetrahydrocarbazole derivative of cholestanone may have structure (II) or (III) ; 
the angular formula (III) is the more probable on the grounds of chemical analogy, com- 
pounds of type (II) being very difficult to prepare (Borsche, Witte, and Bothe, Amnalen, 
1908, 359, 64; Japp and Maitland, J., 1903, 88, 267). Further evidence has been obtained 
by surface-film measurements kindly made for us by Mr. J. A. Askew. The “ surface 
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area” of the tetrahydrocarbazole derivative was found to be 43 sq. A.; structure (II) 
would require 50 sq. A. and structure (III) 45 sq. A., values which tend to support the 
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angular structure (III). 1: 2-Naphthacarbazole (Japp and Maitland, Joc. cit.) and 2: 3- 
naphthacarbazole (Graebe and Knecht, Annalen, 1880, 202, 1) were prepared for comparison 
of their surface film areas, but did not form films on water, acids, or alkalis. 

The results of experiments on the action of selenium at 230° on coprostanol, coprostene, 
and lanosterol will shortly be reported. 


EXPERIMENTAL. 


Cholesterol and selenium, intimately mixed by grinding, were heated in a Pyrex flask placed 
in a metal bath; the temperatures recorded are those of the bath. 

(A) Heating for 10 Hours.—The product obtained from 25 g. of cholesterol and 50 g. 
of selenium deposited, from acetone solution (40 ml.) at 0°, a brown microcrystalline powder. 
After 2 hours the solution was filtered (filtrate A); the solid obtained, on repeated crystallis- 
ation from ether—alcohol, gave about 5 g. of white plates, m. p. 119° (acetate, m. p. 97°). 1G. 
of this product in 10 ml. of dry ether at 0° was treated with a 10% solution of bromine in slight 
excess. The cholesterol dibromide obtained was washed with glacial acetic acid and recrystal- 
lised from ether—acetic acid; m. p. 113° (Found: Br, 28-3. Calc. for C,,H,,OBr,: Br, 29-3%). 
The yield of cholesteryl dibromide being 0-7—-0-8 g., the product of m. p. 119° contained about 
80% of cholesterol. The filtrate from the dibromide was poured into water; the solid obtained, 
crystallised from methy] alcohol, yielded about 0-15 g. of white plates, m. p. 140—141° alone or 
mixed with authentic cholestanol (m. p. 142°). The acetate prepared from it had m. p. 109°, 
alone or mixed with authentic cholestany] acetate. 

The acetone was removed from filtrate A and the oily residue (17—18 g.) was dissolved in 
700 ml. of alcohol and treated with an aqueous-alcoholic solution of 6-6 g. of semicarbazide 
hydrochloride and 5 g. of sodium acetate; a gelatinous semicarbazone was collected after 
12 hours (evaporation of the filtrate gave 6 g. of crystals, m. p. 119°) and was obtained from 
alcohol as a pale yellow powder (8 g.), m. p. 234—238°. It was heated with 30% sulphuric acid 
for an hour in a water-bath. The regenerated ketone, on crystallisation from acetone and then 
from alcohol, gave cholestanone, m. p. 127—128° (Found: C, 83-4; H, 12-2. Calc. for 
C,,H,,O: C, 83-9; H, 12-0%), identified by mixed m. p. and by conversion into the tetrahydro- 
carbazole derivative. 

The alcoholic mother-liquor deposited a brown oil and a small quantity of needle-shaped 
crystals. These were removed by hand and after recrystallisation from alcohol had m. p. 80°. 
There was insufficient material for complete purification, but from the m. p. and ketonic 
character these crystals were probably cholestenone. 

(B) Heating for 25 Hours at 220—250°.—The product obtained from 30 g. of cholesterol and 
60 g. of selenium gave no deposit from acetone at 0°. Treatment with semicarbazide hydro- 
chloride gave 16 g. of cholestanone semicarbazone, representing a yield of about 40% of 
cholestanone. No other single compound could be isolated. 

(C) Heating for 40 Hours at 220—250°.—30 G. of cholesterol gave 6 g. of cholestanone. No 
other product could be obtained. 

Tetvahydrocarbazole Derivative from Cholestanone.—1 G. of cholestanone in 30 ml. of glacial 
acetic acid was heated with 2 g. of phenylhydrazine in 10 ml. of glacial acetic acid for 20 minutes 
on a water-bath; on cooling, the tetrahydrocarbazole crystallised. It was obtained from benzene-— 
alcohol as white plates, m. p. 180—181° (Found: N, 3-2. C,sH,yN requires N, 3-05%), 
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extremely soluble in benzene and ethyl acetate and sparingly soluble in ethyl alcohol, methyl 
alcohol and glacial acetic acid. Yield, 60—70%. The picrate was obtained from benzene— 
alcohol as bronze-brown needles, m. p. 209—-210°, extremely soluble in benzene and sparingly 
soluble in alcohol. 


CHELSEA POLYTECHNIC, LoNnpDon, S.W. 3. [Received July 31st, 1935.] 





333. Kinetics of Slow Reactions, and their Entropy Changes. 
By F. G. Soper. 


THE marked solvent effect on the rates of certain reactions has been associated with the 
contrast in the polar nature of the reagents and products (Richardson and Soper, J., 
1929, 1873; Soper and Williams, ibid., 1931, 2297; Proc. Roy. Soc., 1933, A, 140, 58; 
Roberts and Soper, ibid., p. 71; Jones and Soper, ibid., 1934, A, 144, 643), and the idea has 
been advanced that the solvent may exert this effect by causing an alteration in the fraction 
of critical complexes which break down to form the reaction products. 

When the phase changes of metastable substances were considered by Robinson (J. 
Physical Chem., 1930, 34, 208), a rule was found governing which of alternative products 
appears first. This was that the substance changes into the form of highest thermo- 
dynamic probability, z.e., of highest entropy content—a conclusion of interest in connexion 
with the decomposition of the critical complex. On the hypothesis that the decomposition 
of the critical complex into the products is proportional to the relative thermodynamic 
probabilities, W, and W,, of the two states, the rate of decomposition will vary as 
W,/W, = eS!—Salk, since Rlog,W=S. Here S,° refers to the entropy of the products 
at unit concentration. The corresponding rate of decomposition of the critical complex 
into the reagents will be given by e:*-%=/®, Hence the fraction of critical complexes 
which break up to form the products is given by 


eS" — 82)/R eSv/R 
eSe— Sak 1 SP — SHIR ~ eS87R 1 eSv1R 





and the velocity coefficient of formation of products by the product of this factor and the 
rate of activation, 1.¢., by 


k= CeAi— AaI/RT eSP (eSs/R + eS") 


where H represents heat content. This equation is of correct thermodynamic form, 
although it does not include an entropy of activation (Scheffer and Konstamm, Verslag. 
Akad. Wetensch. Amsterdam, 1911, 19, 878; La Mer, J. Chem. Phys., 1933, 1, 289). This 
may be demonstrated by writing the analogous equation for the reverse reaction : 


ky = Ce4:—H42/RT eSi/B ](eSs"/R ot e5s"/R) 


whence the equilibrium constant K = k,/kg = e&%:— 75:)—CGa— TS MYR — APY FYIRT, where 
F° refers to molar free energies at unit concentration. 

The result of the introduction of this break-up factor into the velocity equation is that 
the latter assumes two forms according as the reaction is attended by an entropy increase or 
decrease. Ifthe reaction is of the first type, S,°> S,°, and the expression e%#"/ /(es"/® +. ¢5:*/) 
is close to unity and has little effect on the calculated rate of reaction. If, however, 
it is of the second type, the expression becomes approximately ¢“:’- “:"/® and may be several 
powers of ten less than unity. The introduction of this factor will therefore affect only those 
reactions attended by an entropy decrease. It is thus possible to test the hypothesis 
concerning the break-up of the critical complex by examining the entropy changes of normal 
and of slow reactions, 

Quaternary ammonium salt formations. These reactions are abnormal in the sense that 
P, in the equation k = PZe~*/*7, is of the order 10 to 10. They are typical slow re- 
actions. The entropy changes are unknown except for the interaction of dimethylaniline 
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and methyl iodide (Essex and Gelormini, J. Amer. Chem. Soc., 1926, 48, 882), where the 
equilibrium constant was measured at two temperatures. These measurements give 
AH and AF and an entropy decrease of 37 units for the formation of the salt. The value 
of the proposed factor is e%s"/* /(e5:"/® + e%"/2) — ¢3/k — 0-9 x 10-8. P has been deter- 
mined for this reaction (Moelwyn-Hughes, “‘ Kinetics of Reaction in Solution,” Oxford, 
1933, 111) and equals 0-5 x 10°’. The value assigned to the entropy decrease depends, 
however, on only two values of the equilibrium constant. 

Sapontfication of esters. Essex and Clark (J. Amer. Chem. Soc., 1932, 54, 1290) give 
for the reaction AcOEt + H,O = AcOH + EtOH (all liquid), AH = — 4795-0. From the 
changes in heat content on solution in water (I.C.T., 5, 148), AH = 4,513 cals. for the 
reaction in aqueous solution. The gaseous equilibrium has been investigated, but the free 
energies of solution of the components in water are not known. The value, 0-25, for the 
equilibrium constant in the mixed liquids has therefore been taken, giving AF = 822 cals. 
and AS — 17-9 units. The entropy changes on ionisation of water and of acetic acid 
are calculated as — 23-5 and — 20-7 units respectively, and hence the entropy change for 
the saponification of ethyl acetate, CH,-CO,Et + OH’ = CH,°CO,’ + EtOH, is — 15:1 
units, corresponding to a break-up factor of 5 x 10%. P for this reaction (Moelwyn- 
Hughes, op. cit., p. 57) is approximately 2 x 10-5. 

Interaction of chlorine and phenolic ethers. The rates and critical increments of a large 
number of these reactions have been measured in acetic acid by Bradfield and Jones (J., 
1928, 1006, 3073; 1931, 2903, 2907), and the velocity coefficients may be expressed by 
k = 2-7 x 10%. e#/®?, The velocity coefficient depends only on changes in the energy 
of activation. Roberts and Soper (/oc. cit.) have suggested that the constancy of the non- 
exponential term may be due to a constant degree of resolution of critical complexes into 
the products, determined by the fact that the substances of contrasted physical properties, 
viz., hydrogen chloride and chlorine, are common to all chlorinations. No data exist for 
the relative entropies of a phenolic ether and of its chloro-derivative, but the entropies 
of chlorine and hydrogen chloride are known, and it is plausible that the entropy change of 
the group of reactions is mainly determined by the entropies of these latter. The entropies 
of gaseous chlorine and hydrogen chloride (I.C.T., 5, 88 ; 7, 233) are 52-6 and 45-8 respectively 
at 25°. Unpublished work on the solubilities and heats of solution of these gases in acetic 
acid (containing 1°% water) gives for the entropies at unit concentration in solution : 
Se, = 35:3; Suq = 14:1. The entropy decrease for the reaction on the above assumption 
is 21-2 units, corresponding to a break-up factor of 2-2 x 10-5. The value of Z, the collision 
frequency, is calculated as 1-75 x 10", whence P = 1-5 x 10°. 

Interaction of sodium arsenite and sodium tellurate. This has been studied by Stroup 
and Meloche (J. Amer. Chem. Soc., 1931, 58, 3331) and P is approximately 10-°. AF for 
the reaction at 90° is — 5,620 cals. The heats of formation of K,TeO, aq. and K,TeO, aq. 
are known (I.C.T., 5, 205) but not those for the normal arsenite and arsenate. In default 
of these values, the heats of formation of the potassium monohydrogen arsenite and arsenate 
have been used, giving for the reaction, HAsO,’’ + TeO,’’ = HAsO,” + TeO,”, AH = 
— 23,910 cals. Assuming that the difference in the heats of tertiary ionisation of arsenic 
and arsenious acids can be neglected, the entropy change for the arsenite—tellurate reaction 
is a decrease of 50 units corresponding to a factor of 10-4. 

Interaction of ethyl sulphide and ethyl bromide. The equilibrium constant of this 
reaction and its change with temperature have been measured by Corran (Trans. Faraday 
Soc., 1927, 28, 605), and the combination is attended by an entropy decrease. The velocity 
coefficient of combination deduced from the equilibrium constant and the rate of decom- 
position of the sulphonium bromide is approximately 40 times greater than the calculated 
rate of activation. Preliminary experiments on the equilibrium constant of this reaction 
in alcoholic solutions show that other reactions, besides the decomposition of the salt, 
occur. The bromide titre of a solution of the salt first decreases owing to the normal de- 
composition but later increases. The heat of dissociation calculated from values of the 
equilibrium constants may thus be in error. 

Conversion of ammonium cyanate into urea. Here there is satisfactory agreement 
between calculated and observed rates (Moelwyn-Hughes, of. cit., p. 79). In water, AF 
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at 100° is — 5,820 cals. (I.C.T., 7, 245) and AH is — 7,500, giving an entropy decrease of 
4-5 units. This corresponds to a factor of 0-1 and does not greatly alter the agreement 
between calculated and observed rates. 

Interaction of chloride ion and iodoacetic acid (Wagner, Z. physikal. Chem., 1925, 115, 
121). Both the forward and the reverse reaction Cl’ + CH,I-CO,H =— I’ + CH,Cl*CO,H 
have been investigated. The entropies of the acids are not known, but the entropy of 
the chloride ion (relative to hydrogen ion) is 15-6, and that of the iodide ion is 27 (Butler, 
‘“‘ Chemical Thermodynamics,” Vol. 2, London, 1934, 190). If the difference in the entro- 
pies of the ions dominates, the forward reaction is attended by an entropy increase and the 
reverse reaction by an entropy decrease. The value for P for the forward reaction is 3, 
and for the reverse reaction 0-09 (Moelwyn-Hughes, of. cit., p. 79). 

Interaction of hydroxyl and iodoacetate ions (Wagner, loc cit.). The entropies of hydroxyl 
and iodide ions are — 2 and 27 units respectively. If this difference dominates, the re- 
action is attended by an entropy increase. The reaction shows agreement between 
calculated and observed rates (P = 2). 

Gaseous homogeneous reactions. In a number of these, dissociation occurs, and owing 
to the increase in the number of molecules, there is an increase of entropy. For the bi- 
molecular reaction, N,0 = N, + 40, (Kassel, J. Amer. Chem. Soc., 1934, 56, 1839), 
K = 1-46 x 10%, and AH — 19,620 cals. Hence AS for the dissociation is 17-4 units, 
and the break-up factor is unity. 

Decomposition of hydrogen iodide. Here K = 0:18e 240/27, whence at 393°, AS = — 3-4. 
This gives a break-up factor of 0-15, and P = 0-47. 

Combination of ethylene and hydrogen to form ethane (Pease, ibid., 1932, 54, 1876). 
From Pease and Durgan’s equilibrium measurements, the entropy change is calculated as 
— 28-9 units, which would correspond to a break-up factor of 10-*. Actually P is found to 
be 0-05. Velocity constants for the packed vessel were double those for the unpacked vessel, 
and whether this fact would account for the discrepancy is conjectural. 

The data are summarised in the following table; reference to the ionic reactions, where 
the entropies of the various components are only partially known, is omitted. 


Thermodynamic 

Reaction. £. break-up factor. 
Dimethylaniline + methyl iodide ..............ceseeseeeeeeeees 0°5 x 10-7 0-9 x 10% 
Saponification of ethyl acetate.............ssseceeeeeeeeeeeeeeeees 20 x 10°5 5 x 10“ 
Chlorine + phenolic ethers ............:scecseseseseeeeereceeeeees 15 x 10°° 22 x 10°° 
Sodium arsenite + tellurate............ccssescseseevescrecseseees 10-5 10-41 
Ammonium cyanate ——> urea .....cseeeeeeseneceeeeeeeeeneees unity 0-1 
Gaseous dissociations, e.g., of nitrous oxide ...............05+ unity unity 
Decomposition of hydrogen iodide ............sesseeesessesseees 0°47 0°15 
Combination of hydrogen and ethylene ..............ssseeeeee 0°05 10-* 


SUMMARY. 


1. A factor representing the fraction of critical complexes which break up to form 
the reaction products has been introduced into the reaction-velocity equation. The 
modified equation reduces to the simple form k = Ze~“/*? when the reaction is attended 
by an entropy increase, but gives diminished rates when the reaction is associated with 
an entropy decrease. 

2. The division between normal and slow reactions coincides satisfactorily (except in 
one case) with that according to the sign of the entropy change. When the entropy 
decrease is slight, as in the hydrogen-iodine reaction and in the formation of urea, the 
factor does not appreciably alter the existing agreement between observed and calculated 
rates, 


UNIVERSITY COLLEGE OF NorRTH WALES, BANGOR. [Received, July 15th, 1935.) 
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334. Influence of Substituents on the Additive Reactivity of Ethylene 
Derivatives. Part III. Further Experiments on the Addition of 
Bromine in Solution. 

By S. V. ANANTAKRISHNAN and CHRISTOPHER K. INGOLD. 


In this paper we report an extension of the investigation commenced in Part I (Ingold and 
Ingold, J., 1931, 2354) on the relative rates of addition of simple ethylene derivatives to- 
wards the electrophilic reagent, bromine. We have throughout standardised the catalytic 
conditions for this reaction by the method worked out in Part II (Anantakrishnan and 
Ingold, this vol., p. 984), a sufficient quantity of hydrogen bromide being added initially to 
cover up completely the autocatalysis of the reaction as well as any adventitious 
catalysis. 

It was shown in Part I that the intrinsic effect of a given substituent on the reactivity 
of an ethylene bond towards a reagent such as bromine can be deduced only by reference to 
certain structural types. These may contain either just the single substituent under con- 
sideration or combinations of substituents subject to definite restrictions; for many 
combinations give rise to mutual effects which seriously distort, and may even invert, the 
separate effects of the groups. Theory, confirmed by observations as far as these have been 
extended, shows when it is possible for this to happen, and therefore indicates the structural 
types which may most profitably be studied. 

Within such limits we have extended the work of Part I on the methyl and phenyl 
substituents, and on the combination of methyl groups. We have also studied the 
aldehydo-group and its combination with methyl. The experiments were carried out at 
— 78°, and, as heretofore, in methylene chloride solution with exclusion of light. The 
method was to allow two olefinic substances to compete for a deficit of bromine, and to 
calculate the ratio of the rate constants of the simultaneous reactions from the compositions 
of the mixtures of dibromides formed after absorption of the whole of the bromine. It 
was shown in Part II that the ratios thus obtained are insensitive to the concentrations of 
the reactants, to the concentration of the hydrogen bromide catalyst, and, within consider- 
able limits, to the temperature. By means of a suitable set of such ratios it is possible to 
obtain “ reduced rates,” #.¢., rates of reaction for ethylene derivatives expressed as multiples 
or fractions of the rate for ethylene itself. 

Table I summarises the competitions carried out in the previous parts and in this paper, 
together with the corresponding ratios of the rate constants and the calculated reduced 
rates. The italicised figures are based on the observational data in Table II on p. 1398. 


TABLE I, 

Expts. No. X. i £ ky/[kx. Reduced rate for Y. Mean. 
17—19 CH,{CH, CHPh:CH, 3°24 3°24 \ 3°35 
22—25 “ - 3°43 3°43 

28 CHPh:CH, CHMe:CH, 0°63 0°63 x 3°35 = 2°10 2-03 
29 CMe,-CH, ie 0°35 0°35 x 5°32 = 1°95 } 
20—21 a be 56 5°6 } 
26—27 ie CMe,:CHMe 10°4 10°4 10°4 
5 a CMe,:CMe, 13°6 13°6 } 140 
6—8 CMe,:CH, os 2°54 2°54 x 5°53 = 14°1 
14—15 CH,.CH, CHBr-CH, small small small 
9—10 pa CO,H-CH.CH, ai PP pte 
11—13 CHMe:CH, CO,H-CH:CHMe 0°13 0-13 x 2°0 = 0°26 0°26 
30—32 CH,:CH, CHO-CH:CH, 1d 1d 15 
33 CHMe:CH, | CHO-CH:CHMe 15 15 x 20 = 3-0 3:0 


In spite of the new data, nothing need be added to the discussion in Part I of the effects 
caused by the groups Ph, Br, and CO,H. The following remarks will therefore be confined 
to the effects of the substituents Me and CHO. 

The methyl group releases electrons and therefore should facilitate the addition of 
electrophilic reagents such as bromine. Thus the reduced velocity for propylene should 
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be greater than unity; it is in fact 2-0.. The attack of the halogen should be initiated 
at that ethenoid carbon atom which is more remote from the methyl substituent, 


[X (~ 
Me->CH—CH, . . . . Br—Br; this also has been demonstrated (Ingold and Smith, J., 
1931, 2742). As the methyl group is saturated and does not possess unshared electrons, 
the electron displacements which occur during addition are almost wholly confined to the 
double-bond electrons; and these displacements, which always start from nearly sym- 
metrical positions with respect to the carbon nuclei, correspond to integral covalency 
changes. It is therefore to be expected that the polarisability of the ethenoid electrons, 
rather than their state of polarisation, will be the principal factor determining reactivity 
in ethylene derivatives containing only methyl (or higher alkyl) groups: and the greater 
is the number of electron-repelling methyl groups which are directly attacked to the ethen- 
oid centre the greater will be both the polarisability and the reactivity. A briefer way of 
expressing the same argument would be to assert that, as the methyl group is incapable 
of an electromeric effect, combinations of methyl substituents should show no inverted 
mutual influence (cf. Part I). A progressive accumulation in the number of methyl groups 
associated with an ethenoid link should therefore be accompanied by a progressive increase 
in the “‘ reduced rate ” of addition. This is what we find : 
CH,:CH,. CHMe:CH,. CMe,:CH,. CMe,;CHMe. CMe,:CMe,. 
1-0 2-0 5°5 10°4 14-0 

The data show, however, that the permanent state of polarisation of the ethenoid centre is 
not entirely without influence. The plot of the logarithm of the rate (to which, probably, 
the critical energy is approximately proportional) against the number of methyl groups 
gives a sigmoid curve, steepening so long as the structure is losing symmetry and flattening 
whilst symmetry is being restored. It is obvious from the ratios 


k(CMe,:CH,) _ . k(CMe,:CHMe) _ k(CMeg:CMe,) _ 
k(CH,:CH,) k(CHMe:CH,) k(CMe,:CH,) 


that the introduction of two methyl groups to give an unsymmetrical compound has a 
greater relative effect on the speed than when a symmetrical compound is the result of the 
change. The assumption due to Lucas (1925) of electron repulsion by alkyl groups attached 
to an ethenoid centre is, of course, entirely consistent with the data which have since 
accumulated on the dipole moments of olefins. 

Discussing the proved deactivating effect of the carboxy] group in this reaction, and the 
possible effects of more powerfully electron-absorbing substituents such as -CHO, Ingold 
and Ingold (loc. cit.) wrote: ‘‘ Addition initiated by the attack of (8-)Hal”’ [#.e., the 


2-5 








~\ 

negative end of a polarised bromine molecule : -C—=C . . , . Br—Br] “ would also be 
theoretically possible, provided that the intrinsically small reactivity of negative halogen 
could be overcome by the attachment of a sufficiently powerful electron-sink to the olefinic 
residue. It is not yet known whether any of the available groups (CHO, -COR, *NO,) 
are in fact competent to cause this anticipated reversal of normal reactivity; the practical 
criterion which would reveal such an occurrence would be that the rate of addition would 
pass through a minimum as the efficacy of the electron-sink was progressively increased.” 
It will be seen from Table I that we have carried out competitive experiments between 
ethylene and acraldehyde, and between propylene and crotonaldehyde. In each case it is 
found that the -CHO group, instead of deactivating more powerfully than -CO,H, actually 
increases the reaction rate quite appreciably. More complete evidence, is, of course, 
desirable, but it would appear prima facie that we here have under observation the enforced 
reversal of the functions of the reagent anticipated in the statement quoted above. 


EXPERIMENTAL. 


The methods have been described before and only the results need be given.* These are in 
Table II; and some data, obtained in the course of the experiments of Part II, which are as 


* The recorded b. p. (this vol., p. 986) of as.-dimethylethylene should read — 6°5°. 
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TABLE II. 

Expt. ; } # Be VolXq- [Bre]o/%9- [HBr]9/%o. py. 
22 2-CH, CHPh:CH, 0°304 1-015 0°420 — 0°739 
23 - 0-115 1:027 0°415 0°0032 0-765 
24 i 0°308 0°973 0°380 0:0038 0°723 
25 - ~~ 0°265 0-962 0°390 0-0078 0-741 
28 ‘CH, CHMe:CH, 0-099 0-990 0°398 0:0050 0°395 
29 5 -CH, i 0-284 0-978 0-418 0°0045 0°275 
20 ~H,.CH, CMe,:CH, 0°320 0-980 0°365 — 0°831 
21 * 0-183 1-110 0°374 0:0027 0-840 
26 CMe,:CHMe 0°318 1:055 0°303 0:0019 0°892 
27 on 0°339 0-960 0°420 — 0-903 
30 CHO-CH:CH, 0-240 1-005 0°467 — 0°60 
31 a 0°324 0-956 0°189 0°0072 0°56 
32 a 0°289 0°963 0-288 0:0069 0°62 
33 CHMe:CH, CHO: CH: CHMe 0:238 1-000 0°482 0-0081 0°59 


suitable as the new results for the calculation of relative rate constants, are included. The 
formula for this calculation is 
ky/kx = [log vo — log(vo — ¥)]/[log %9 — log(*» — *)] 
where x and y are the molar concentrations of X and Y, and the zero suffix refers to zero time. 
The initial concentration of bromine is given by [Br], = (%) — *) + (Vp — %, and the molar 
proportion of YBr, in the mixture of bromides by 
by = (Yo — ¥)/[(¥o — *) + (Yo — ¥)] 


The figures (py) for the aldehydes are only approximate. They were obtained by ultimate 
analysis after complete distillation of the mixed bromides at a low pressure with liquid air 
around the receiving bulb; and also by isolation of the ethylene bromide after fixation of the 
aldehydes either as semicarbazones or as 2 : 4-dinitrophenylhydrazones. 


— 
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335. The Methylation of Glucosephenylosazone and its Formulation as a 
Derivative of Fructopyranose. 


By (Mrs.) ELIZABETH E. PERCIVAL and EDMUND G. V. PERCIVAL. 


ACCORDING to many workers, osazones such as glucosazone, galactosazone (Levene and 
Laforge, J. Biol. Chem., 1915, 20, 429), and 3-methyl glucosazone (Anderson, Charlton, 
and Haworth, J., 1929, 1329) in solution in alcohol or pyridine exhibit mutarotation which, 
unless the rotational changes are due to decomposition, may indicate the existence of some 
type of ring structure. 

After a single methylation of glucosephenylosazone with methyl sulphate and sodium 
hydroxide, excess of alkali being avoided, a new crystalline monomethyl glucosazone was 
isolated, which did not agree in physical properties with any of the known monomethyl 
glucosazones (see Table I). It was a true osazone, since treatment with p-nitrobenzalde- 
hyde gave an osone, from which the original osazone was regenerated in five minutes at 
room temperature by treatment with phenylhydrazine acetate. 


TABLE I. 


Glucosazone. M. p. [a]p in alcohol. Form. Reference. 

3-Methyl 178—179° —109°>-— 9° Needles Anderson, Charlton, and Haworth, 
J., 1929, 1329. 

4-Methyl 158—159 — 33—>- 15 Needles Pacsu, Ber., 1925, 58, 1463; Schinle, 
Ber., 1932, 65, 315; Munro and 
Percival, this vol., p. 873. 

6-Methyl 184—187 — 69; no muta- Needles MHelferich and Ginther, Ber., 1931, 

rotation 64, 1276. 


New methyl 116—117 — 50 >- 12 Plates (aqueous alcohol) 
Needles (equilibrium solution in alcohol) 
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The evidence presented below gives no reason to doubt that the new compound is the 
missing 5-methyl glucosazone. 

p-Nitrobenzaldehyde, having given a better yield of glucosone from glucosazone than 
benzaldehyde (Fischer and Armstrong, Ber., 1902, 35, 3143), was used to prepare the methyl 
glucosone. The yield was poor (10%) and attempts to improve it by using hydrochloric 
acid (Fischer, Ber., 1889, 22, 87) failed. By reduction with zinc dust and acetic acid 
(Fischer, Joc. cit.) the corresponding ketose was obtained as a syrup of negative rotation, 
from which the original osazone could be regenerated in the usual manner. Its properties 
agreed with those of a monomethy] fructose and the negative rotation indicated its relation- 
ship to fructopyranose, so substitution in position 6 was unlikely. 

The course of glycoside formation in the cold was followed as described by Levene, 
Raymond, and Dillon (J. Biol. Chem., 1932, 95, 699). A comparison of the results (Table 
III) with those given by fructose (Table II) under parallel conditions showed that, whereas 
the sugar under review gave 62% of a pyranoside in 24 hours, fructose was exclusively 
transformed into furanoside. A small constant amount of furanoside appeared to be 
formed, but this was ascribed to the presence of a 5-methyl aldose produced by a Lobry 
de Bruyn transformation during the removal of zinc with barium hydroxide. These 
observations are in harmony with the substitution of methyl in the penultimate hydroxyl 
group in fructose, such a 5-methyl fructose being capable only of a pyranose formulation. 
The sugar was accordingly transformed into the pyranoside by heating with methyl- 
alcoholic hydrogen chloride, and methylation, followed by distillation and hydrolysis, 
yielded crystalline tetramethyl fructopyranose, indicating that we were dealing with a 
genuine derivative of fructopyranose. 

That 5-methyl glucosazone can be so readily obtained from glucosazone is to be ascribed 
to the fact that the particular hydroxyl group in question is the most vulnerable to attack 
by methyl sulphate and alkali. Obviously, whatever rings, if any, exist in the original 
glucosazone, neither a 1 : 5- nor a 2 : 5-oxide ring is possible. 

In order to obtain more evidence on this point glucosazone was methylated by three 
treatments with methyl sulphate and sodium hydroxide, followed by three with methyl 
iodide and silver oxide. A red syrup, the methoxyl content of which could not be increased 
by further methylation, was obtained which gave the analytical figures required for tri- 
methyl glucosazone. Evidently, therefore, there is only one ring in glucosazone, provided 
that one position is not made unavailable for methylation by steric effects. Repeated 
attempts to crystallise the syrup failed and it was apparently not identical with the 
crystalline 3 : 5 : 6-trimethyl glucosazone of Anderson, Charlton, and Haworth (loc. cit.) 
or the 3: 4: 6-trimethyl fructosazone of Haworth and Learner (J., 1928, 619). 3:4: 5- 
Trimethyl fructopyranose has been prepared (Irvine and Patterson, J., 1922, 121, 2159; 
for structure see Haworth, Hirst, and Learner, J. 1927, 1040), but there is no record of its 
phenylosazone. 

The syrupy trimethyl glucosazone was converted into a trimethyl fructose by way 
of the osone as before. Methyl-alcoholic hydrogen chloride reacted slowly at room tem- 
perature to form almost exclusively a pyranoside (Table IV), again indicating substitution 
in position 5 and a free hydroxyl group in position 6. Further methylation of this 

H!N‘NHPh Pyranoside, followed by hydrolysis, again yielded tetramethyl 

C-NH-NHPh fructopyranose, proving that the sugar was essentially 3 : 4: 5- 

trimethyl fructose. Position 6 in the glucosazone is therefore 

HO-(-H either prevented from undergoing methylation by steric effects, 

0 H-C-OH which is improbable, or is concerned with ring formation, and 

H-C-OH it is considered probable that the osazone contains a pyranose 

CH, ring and has the annexed structure. Examination of a model of 

this substance shows that the hydroxyl group on carbon atom 5 is 

the one most remote from the phenylhydrazine residues, and this may be the reason for 
the preferential formation of 5-methyl glucosazone. 

Although 3-, 4-, and 5-methyl glucosazones may all have the fructopyranose structure, 
this cannot be the case for 6-methyl glucosazone. The observation of Helferich and 
Giinther (loc. cit.) that the purest 6-methyl glucosazone so far obtained exhibits no muta- 
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rotation in alcohol is in agreement with this, though earlier workers (Kuhn and Ziese, 
Ber., 1926, 59, 2314; Ohle and v. Vargha, Ber., 1929, 62, 2434; Levene and Raymond, 
J. Biol. Chem., 1932, 97, 751) had apparently observed mutarotation in this case. The fact 
that 6-methyl glucosazone is only slowly precipitated (6 hours) during its formation from 
6-methyl glucose in the usual way may also have some significance in connexion with its 
structure. 


EXPERIMENTAL. 


5-Methyl Glucosazone.—Methyl] sulphate (60 c.c.) and 30% sodium hydroxide solution (140 
c.c.) were added to glucosazone (20 g.), dissolved in acetone (50 c.c.) and alcohol (125 c.c.), 
during 2 hours with constant stirring at 50°. The mixture was then maintained at 70° for 10 
minutes, diluted with hot water (500 c.c.), neutralised with glacial acetic acid, and kept over- 
night. The yellow precipitate and brown tarry matter were filtered off and dissolved in boiling 
alcohol, and water added until precipitation was just maintained on further heating. The 
tar that separated was removed; the filtrate on cooling deposited a yellow precipitate, which 
was collected and subjected to further treatment as above. After ten recrystallisations a 
pale yellow solid was obtained (Found : OMe, 5-0%). This was dissolved in boiling chloroform ; 
unchanged glucosazone crystallised from the cold solution, and the mother-liquor on removal of 
the solvent under diminished pressure left a product, which was crystallised from aqueous 
alcohol (Found: OMe, 9-3%). Fractional crystallisation from aqueous alcohol then gave 
5-methyl glucosazone (5 g.) in shining rectangular plates with saw-like edges, m. p. 116—117°, 
[a]?” — 44° in chloroform (c, 0-7), — 49° in alcohol (10 mins. after dissolution; c, 0-7), — 12° 
(36 hrs., constant value). This equilibrium solution crystallised in fine needles, m. p. 117° 
(Found: C, 61-3; H, 65; OMe, 7-9; N, 14:8. C,,H,,O,N, requires C, 61-3; H, 6-45; OMe, 
8-3; N, 15-0%). 

Conversion of Glucosazone into Glucosone.—(1) Glucosazone (1 g.) was dissolved in alcohol 
(30 c.c.), and water added to produce a turbidity. The vigorously stirred mixture was heated 
with benzoic acid (0-5 g.) and benzaldehyde (10 c.c.) on a boiling water-bath for 1 hour. After 
30 minutes water (50 c.c.) was added. The cooled filtered solution was extracted with ether 
and evaporated to 20 c.c. at 35° under diminished pressure; on treatment with phenylhydrazine 
acetate a yellow precipitate of glucosazone appeared after 3 minutes at room temperature 
(yield, 7%). 

(2) Glucosazone (1 g.), in alcohol (100 c.c.), was stirred with benzoic acid (1 g.) and p-nitro- 
benzaldehyde (5 g.) at 90—100° until all the solid had dissolved. Water (150 c.c.) was then 
added, and the heating continued for 65 minutes, alcohol (50 c.c.) being added after 30 minutes 
to replace the loss by evaporation. The solution was cooled, filtered (residue A), extracted 
three times with ether, and evaporated to 20 c.c. at 35° under diminished pressure; treatment 
with phenylhydrazine acetate gave glucosazone (0-3 g.). The residue (A), similarly treated with 
p-nitrobenzaldehyde (3 g.), yielded glucosazone (0-1 g.), so the conversion was complete to the 
extent of 40% (cf. Fischer, Joc. cit.). 

Conversion of 5-Methyl Glucosazone into 5-Methyl Glucosone.—By method (2) above, a light 
yellow syrup of the osone was obtained, which strongly reduced Fehling’s solution and on 
treatment with phenylhydrazine acetate gave a yellow precipitate after 5 minutes in the cold 
(yield, 10%). On recrystallisation this gave the characteristic shining plates of 5-methyl 
glucosazone, m. p. 116—117° (Found: OMe, 7-8%). 

Reduction of 5-Methyl Glucosone to 5-Methyl Fructose.—5-Methyl glucosazone (5 g.) was 
converted into 5-methyl glucosone in the above manner. After extraction with ether, in order 
to avoid decomposition, zinc dust (1 g.) and glacial acetic acid (0-5 c.c.) were added and the 
solution was evaporated to 80c.c. This was heated with zinc dust (20 g.) and a few drops of 
platinic chloride solution on a boiling water-bath with vigorous stirring for 90 minutes during 
the addition of glecial acetic acid (8 c.c.). A portion (1 c.c.) of the cooled filtered solution failed 
to give an osazone on treatment with phenylhydrazine acetate in the cold or on heating for 10 
minutes, but after 1 hour’s heating the osazone came down in the characteristic plates. 
2N-Barium hydroxide was added to the main bulk until all the zinc was precipitated as zinc 
hydroxide; the filtrate gave no precipitate with ammonium sulphide. Barium was removed 
by means of 2N-sulphuric acid, and the filtered solution evaporated to dryness at 40°/20 mm. 
The resulting solid was extracted three times with absolute alcohol (200 c.c.), and the extracts 
evaporated to dryness, leaving a pale yellow, reducing glass (0-3 g.) consisting of barium acetate 
mixed with monomethy] fructose. It was considered inadvisable to remove the whole of the 
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barium because of the danger of decomposition in the presence of a trace of sulphuric acid, but 
solution in water and addition of more sulphuric acid removed a large part of the inorganic 
material. The liquid was filtered and evaporated at 40°/20 mm. [a«]?” — 40° in water (c, 0-5) 
(Found: OMe, 11-8; Ba, 3-8. The assumption that all the barium was present as barium 
acetate gives [a]? — 50°; OMe, 14-8. Calc. for C,H,,O,: OMe, 16-1%). 

Attempted Furanoside Formation.—The method of Levene, Raymond, and Dillon (loc. cit.) 
is by no means quantitative as regards the estimation of fructofuranoside by hydrolysis with 
0-1N-hydrochloric acid at 100°, since it was found that the monomethy] methylfructopyranoside 
was hydrolysed to the extent of 15% under the experimental conditions. This is not surprising, 
since 1: 3:4: 5-tetramethyl methylfructopyranoside is completely hydrolysed by 0-7N-hydro- 
chloric acid during 30 minutes. Further, the effect of acid treatment on the free sugar itself 
under the conditions obtaining during the hydrolysis is such that a higher reducing value is 
obtained by the Hagedorn—Jensen ferricyanide method, modified by Hanes (Biochem. J., 1929, 
23, 99), notably to the extent of 25%. The figures recorded for the percentages of pyranoside 
and furanoside are corrected according to these factors. Table III shows the effect at 20° 
of 0-5% methyl-alcoholic hydrogen chloride on monomethy] fructose (ca. 0-3%). The method 
employed was to withdraw two samples of 1 c.c. at a time, one being treated with a 20% excess 
of 0-4N-sodium carbonate solution, the volume made up to 5c.c., 5c.c. of the standard potassium 
ferricyanide-sodium carbonate mixture [8-25 g. K,Fe(CN).,, 10-6 g. Na,CO,/litre] added, and the 
solution heated for 15 minutes at 100°. After cooling for 3 minutes, 5 c.c. of a solution 
(potassium iodide, 12-5 g., zinc sulphate, 25-0 g., and sodium chloride, -125-0 g./litre) were 
added, followed by 3 c.c. of 1% acetic acid, the liberated iodine being titrated with 0-015N- 
sodium thiosulphate. The difference between this titre and a blank carried out under the same 
conditions gave the figure for the reducing value. To the second 1 c.c. portion, 0-4N-hydro- 
chloric acid and water were added so that the solution was 0-1N with respect to hydrochloric 
acid, and the solution was heated at 100° for 10 minutes. Sodium carbonate (20% excess) 
was then added as before, the amounts being adjusted to bring the final volume to 5c.c. The 
reducing power was then determined as above. Table II shows parallel experiments with 
fructose. 

TABLE II. TABLE III. 
0:015N-Thio- 0:015N-Thio- 
sulphate, c.c. sulphate, c.c. 


Before After Free Furano- Pyrano- Before After Free Furano- Pyrano- 
hydro- hydro- sugar, side, side, hydro- hydro- sugar, side, side, 
Time. lysis. lysis. %.  %. % , a = 
0 4° 100 _ _— 6°5 
40mins. O01 4: 100 _ 51 
3 hrs. _ 4: —_— 100 _ . ; 4°6 
5, 1 « 2 100 — 3-2 
24 ,, _— 4°5 — 100 — 
At the end of 24 hours the solution was still reducing to Fehling’s reagent. The table shows 
that, whereas furanoside formation from fructose is complete after 1 hour, in the case of the 
sugar under review about 14% of furanoside appears to be formed at once but this figure remains 
constant while the amount of pyranoside gradually increases. The method is only regarded as 
semi-quantitative, indicating that in contrast with fructose the sugar forms a pyranoside in 
preference to a furanoside, an observation which agrees with the structure assigned to the 
monomethyl osazone. 

Preparation of 5-Methyl Methylfructopyranoside and Methylation of the Product.—The sugar 
(0-25 g.) was dissolved in 3% methyl-alcoholic hydrogen chloride (20 c.c.) and heated at 75° 
under reflux for 5 hours; reducing action had then ceased. After neutralisation with barium 
carbonate the methyl-alcoholic solution, to which acetone (20 c.c.) had been added, was methyl- 
ated twice with methyl sulphate (25 c.c.) and 30% sodium hydroxide solution (70 c.c.). The 
product was extracted with chloroform, the solvent removed, and the mobile syrup remethyl- 
ated by two treatments with silver oxide (10 g.) and methyl iodide (30 c.c.). This resulted in 
the isolation of a syrup, which was distilled at 110° (bath temp.)/0-03 mm. to yield a mobile 
liquid (0-10 g.), 2° 1-4540; this was evidently a fully methylated fructoside. 

Isolation of 1: 3:4: 5-Tetramethyl Fructose.—The tetramethyl methylfructoside was hydro- 
lysed during 30 minutes with 3% hydrochloric acid, the solution neutralised with barium 
carbonate and evaporated to dryness under diminished pressure, and the residue extracted 
with ether. Removal of the solvent yielded a syrup, which partly crystallised in the square 
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plates of tetramethyl fructopyranose, m. p. 94—96° after recrystallisation from light petroleum, 
alone or in admixture with a specimen prepared directly from fructose, [«]?” — 109° in water 
(c, 0-5). 

Preparation of Trimethyl Glucosazone and Conversion into Trimethyl Fructose-—The tar 
(4 g.) obtained from the original methylation was found to contain OMe, 14-:1%, and was 
subjected to two further methylations with methyl sulphate (20 c.c.) and 30% sodium hydr- 
oxide solution (50 c.c.) at 50° during 2 hours. Water (300 c.c.) was added, and the mixture 
cooled and filtered. The tarry residue was extracted with chloroform, the chloroform solution 
washed with water till neutral and dried with sodium sulphate, and the solvent removed under 
diminished pressure. The red syrup obtained (Found: OMe, 18-2%) was subjected to three 
methylations with methyl iodide (30 c.c.) and silver oxide (10 g.), which was added in 1 g. 
portions every 20 minutes. The product was isolated as a red syrup in the usual way (Found : 
C, 63-3; H, 6-9; OMe, 22-6; N, 14-1. C,,H,,0,N, requires C, 63-0; H, 7-0; OMe, 23-2; 
N, 140%). 

The conversion of this trimethyl glucosazone (12 g.) into trimethyl glucosone and the reduction 
to the trimethy] fructose were carried out precisely as described for the monomethy] derivative, 
with the exception that the sugar was extracted from the mixture with barium acetate by means 
of boiling chloroform. This yielded a reducing syrup (0-4 g.), [«]?”” — 43° in methyl alcohol 
(c, 0-4), — 39° in water (c, 0-3) (Found: OMe, 42-2. Calc. for C,H,,0,: OMe, 41-9%). 

Attempted Fructofuranoside Formation.—This was carried out as described for the mono- 
methyl derivative, and the results are in Table IV. Blank experiments showed that the tri- 
methyl methylfructopyranoside was 20% hydrolysed and the reducing value of free sugar 
increased by 20% under the experimental conditions. The figures recorded are for the relative 
amounts of the glycoside corrected by these factors. 


TABLE IV. 


0:015N-Thiosulphate, c.c. 
Before After Free Furanoside, Pyranoside, 
Time. hydrolysis. hydrolysis. sugar, %. %. %. 
0 , 6°4 —_ 


1 hr. , 4 13 


4 hrs. . F 23 
19 ‘ ’ 30 


es 34 
48 ; ; 47 


” 


At the end of 48 hours the solution was still reducing to Fehling’s reagent. The results show in 
a roughly quantitative manner the gradual formation, as the available sugar disappears, of a 
glycoside which is hydrolysed only with difficulty. The values calculated as furanoside are 
uniformly low and constant, as in Table III, and are ascribed to impurity. 

Preparation of 3: 4: 5-Trimethyl Methylfructopyranoside and Methylation of the Product.— 
The sugar (0-3 g.) was dissolved in 3% methyl-alcoholic hydrogen chloride (20 c.c.) and heated 
at 75° under reflux for 5 hours; reducing action had then ceased. After neutralisation with 
barium carbonate the methyl-alcoholic solution, to which acetone (20 c.c.) had been added, was 
methylated once with methyl sulphate and sodium hydroxide and once with silver oxide and 
methyl iodide. This resulted in the isolation of a syrup, which distilled at 110° (bath temp.)/ 
0-03 mm. to yield a mobile liquid (0-15 g.), n?”* 1-4520; this was evidently a fully methylated 
fructoside. 

Isolation of 1: 3: 4: 5-Tetramethyl Fructose.—This tetramethyl methylfructoside was hydro- 
lysed as in the previous case to yield a syrup, which partly crystallised in the square plates of 
tetramethyl fructopyranose, m. p. 94—96° alone or in admixture with a specimen prepared 
directly from fructose. 
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336. Studies in Pyrolysis.* Elimination of Two Hydroxyl Groups 
from a Glycol. 
By ALEXANDER SCHONBERG and ROBERT MICHAELIS. 


THE following communication deals with the remarkable property of a glycol which loses 
both hydroxyl groups on heating or on treatment with glacial acetic acid. 

Liebermann and Barrollier (Annalen, 1934, 509, 40) stated that the deep red chroman- 
orufen (I) is converted by oxidising agents, such as nitric acid in acetic acid, into a colourless 
compound of unknown structure. As a result of our investigations we regard the colourless 
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compound as 5 : 12-dihydroxychromanorufan (II). We have confirmed the observation of 
Liebermann and Barrollier that it is easily reconverted into chromanorufen, but do not 
share the view that it contains two loosely bound oxygen atoms and is the analogue of 
rubrene dioxide (VIII) (cf. Dissert., Jean Barrollier, Berlin, 1932, p. 14). We consider the 
oxidation of chromanorufen involves the addition of the elements of hydrogen peroxide 
and is analogous to the formation of aww’w’-tetraphenyl-p-xylylene glycol (IV) from 1 : 4- 
bisdiphenylmethylene-A?:5-cyclohexadiene (III), a fact observed by us. 

Formula (II) accounts satisfactorily for the properties of the oxidation product of 
chromanorufen, ¢.g., its lack of colour and the fact that it gives a colour reaction with 
concentrated sulphuric acid; this is typical of phenylxanthydrol and its derivatives. 
The presence of the two hydroxyl groups is shown by the formation of 5 : 12-bis-p-dimethyl- 
aminophenylchromanorufan (V) by the action of dimethylaniline in glacial acetic acid 

n (II). Under the same conditions, 4-dimethylaminodiphenylxanthen (VII) is formed 
from phenylxanthydrol (Ullmann and Engi, Ber., 1904, 37, 2374). Reference may also 
be made to the formation of 4 : 4’-diaminohexaphenyl-p-xylene (VI) from (IV) and aniline 
hydrochloride in glacial acetic acid (Ullmann and Schlaepfer, Ber., 1904, 37, 2004). 


Me,N-CyH, Ph 
wv) 7 AK W™ Ph,C—C,H,—CPh, 


KDAAAAY CsH,NH, C,H,NH, 
Me,N-C,H, 








(VI.) 


CPh NN 


0 €e: ON/ 
(VIL.) as on | Ts S00 (VIII) 
Ph C,H,NMe, ; Vc. 0 


Contrary to the statement of Liebermann and Barrollier that tetra-p-xylylene glycol 
(IV) melts without decomposition or discoloration at 169°, we find that it melts with 
evolution of gas, becoming yellow and acquiring a fluorescence similar to that of a solution 


* For earlier papers on pyrolysis by A. Schénberg and co-workers, see Ber., 1925, 58, 580; Annalen, 
1927, 454, 47; Ber., 1927, 60, 2344; 1928, 61, 478, 2175; 1929, 62, 2322, 2550; 1930, 63, 178; Amnalen, 
1930, 483, 90, 107, 177; Ber., 1931, 64, 2578, 2582. 
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of 1: 4-bisdiphenylmethylene-A?:5-cyclohexadiene (III): possibly it is converted into 
(III) by losing the elements of hydrogen peroxide. 


EXPERIMENTAL. 


1 : 4-Bisdiphenylmethylene-A**5-cyclohexadiene (III).—In an atmosphere of carbon dioxide, 
with exclusion of light, 6-9 g. of www’w’-tetraphenyl-p-xylylene dichloride (Ullmann and 
Schlaepfer, Ber., 1904, 37, 2003) were boiled under reflux in absolute benzene (340 c.c.) with 
copper—bronze (Kahlbaum) (13-6 g.) for 2 hours, more copper—bronze (6 g.) being added after 
the first 10 hours. The liquid was filtered hot and cooled to 0°. Orange-yellow crystals were 
obtained of a compound which after recrystallisation from ligroin was identical with that 
described by Thiele and Balhorn (Ber., 1904, 37, 1469). 

Action of Concentrated Nitric Acid on 1: 4-Bisdiphenylmethylene-A?*5-cyclohexadiene.— 
0-2 G. of (III) was treated with a mixture of 5 c.c. of nitric acid (d 1-42) and 5 c.c. of glacial 
acetic acid, and the deep orange product heated for 10 minutes on the water-bath. The clear 
solution was poured into 100 c.c. of water and the colourless precipitate immediately obtained 
was washed with cold water till neutral, dried over sodium hydroxide in a vacuum desiccator 
(yield 0-15 g.), and crystallised successively from ligroin, benzene, and ligroin. The colourless 
compound obtained was identical with aww’w’-tetraphenyl-p-xylylene glycol (IV) (Ullmann and 
Schlaepfer, Joc. cit.); its intense brown-bordeaux solution in concentrated sulphuric acid 
became yellow on addition of water (Found: C, 86-7; H, 6-2. Calc. for C,gH,,O,: C, 86-9; 
H, 5-9%). 

5 : 12-Dihydroxychromanorufan (II).—This was obtained by the action of glacial acetic acid 
and nitric acid on chromanorufen (cf. Liebermann and Barrollier, loc. cit.). Its deep green 
solution in concentrated sulphuric acid became deep red on addition of water. It separated 
from ligroin in colourless crystals, decomp. about 260° with reddening (Found: C, 81-9; H, 
5-2. C,,H,,O, requires C, 81-7; H, 4-7%). 

Effect of heat. Carbon dioxide dried by sulphuric acid was passed through a flask, containing 
0-2 g. of (II), immersed in a bath at 290°. The temperature was increased to 310° during 25 
minutes, the colourless compound (II) melting and turning red with evolution of a gas. After 
25 minutes, the mixture was allowed to cool and the crystalline mass obtained was boiled for 
10 minutes with benzene (10 c.c.), leaving a residue of chromanorufen (0-09 g.). This was 
washed with methyl alcohol, dried in a vacuum desiccator, and sublimed in a high vacuum 
(temp. of bath 290—360°; the sublimation process occupied 45 minutes). Only a small residue 
was left. The sublimate was shown to be pure chromanorufen by its properties and by absorption 
spectra measurements carried out in bromobenzene solution at room temperature, air and light 
being excluded during the preparation of the solution. 

Removal of the two hydroxyl groups by glacial acetic acid. 0-1 G. of (II) was slowly heated 
with glacial acetic acid (5 c.c.) with frequent shaking and finally the solution was boiled 
under reflux for 45 minutes. Characteristic crystals of chromanorufen were isolated from the 
hot solution by filtration and were washed with methyl alcohol. The purity of the product 
(0-06 g.) was shown by absorption spectra determinations. 

Separate experiments showed that 5 minutes’ boiling of (II) with glacial acetic acid is suffi- 
cient to form red crystals of chromanorufen. 

Action of dimethylaniline. 0-6 G. of (II) was suspended in glacial acetic acid (15 c.c.), 
dimethylaniline (1-5 g.) added in the cold, and the mixture heated for 4 hours on a gently 
boiling water-bath. After standing over-night in the cold, the faintly greyish-yellow precip- 
itate was collected and repeatedly washed with glacial acetic acid, and then with benzene. 
Yield, 0-7 g. Crystallisation from boiling bromobenzene gave 5: 12-bis-p-dimethylamino- 
phenylchromanorufan (V) as pale yellow crystals, decomp. about 340°, very slightly soluble 
in acetone but soluble in hot nitrobenzene (Found: C, 84:5; H, 6-0; N, 4:2. Cy,H,O.N, 
requires C, 85-2; H, 6-0; N, 4:1%). 

The formation of (V) is not due to the intermediate production of chromanorufen, for this 
compound (0-3 g.), after being heated in glacial acetic acid (7 c.c.) with dimethylaniline (1-5 g.) 
for 11 hours, was recovered in almost theoretical yield. 


We thank Mr. Neil Campbell for his assistance in the translation of the manuscript and 
acknowledge our profound gratitude to Prof. G. Barger, F.R.S., for his hospitality. 
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337. Researches in the Phenanthridine Series. Part IV. Synthesis 
of Plasmoquin-like Derivatives. 


By Leste P. WALLS. 


A PREVIOUS communication (J., 1934, 104) described preliminary attempts to prepare 
meso-aminophenanthridines substituted in the amino-group with basic aliphatic chains 
(compare I), but not the production of nuclear-substituted derivatives of this plasmoquin- 
like type (compare II). Such compounds have now been synthesised (compare III) and 
the basically substituted side chain present in plasmoquin (II) and atebrin (IV), vz., 


NHR 


MeO | 
MeO, 
| x Me 1 


N NH-{CH,],;NEt, | NHR N NHR N 
(I.) (II.) (III.) (IV.) 


(R = CHMe -CH,°CH,°CH,’NEt,) . 


CHMe:-CH,°CH,°CH,"NEt,, has been introduced into this series. The closer approxim- 
ation to these antimalarials has not led to the appearance of similar properties in phen- 
anthridine derivatives. The unfavourable pharmacological reports received from Pro- 
fessor Keilin’s laboratory confirmed what has already been tentatively advanced, that 
phenanthridine is notably less physiologically active than its otherwise closely analogous 
isomeride acridine. According to the discoverers of atebrin (Mietzsch and Mauss, Angew. 
Chem., 1934, 47, 635) the most varied acridine derivatives of type (IV), and other ring 
systems containing similar basic aliphatic side chains (e.g., triphenylmethane, thiazine, 
xanthine; see Klin. Woch., 1933, 12, 1276), are active antimalarials. Phenanthridine 
compounds differ also from acridine in their lack of dermatitic and sternutative action. 

For the preparation of representative types such as (III) the chief problem was the 
synthesis of substituted phenanthridones; no useful general methods were available as 
for the acridones. 2 : 7-Diacetamidophenanthridone (Adkins, Steinbring, and Pickering, 
J. Amer. Chem. Soc., 1924, 46, 1917) and 2 : 7-diaminophenanthridone-4-carboxylic acid 
(Christie and Kenner, J., 1926, 470) have been obtained from diphenic acid sources. 
Moore and Huntress (J. Amer. Chem. Soc., 1927, 49, 1324, 2618) nitrated phenanthridone 
without orienting the products, and also prepared 2- and 7-nitrophenanthridones from 
diphenic acids, and the latter, more significantly, by the Beckmann conversion of 2-nitro- 
fluorenoneoxime. 

Two methods of general availability have now been devised : (1) Substituted 9-methyl- 
phenanthridines (V; R = H, Br, NO,), prepared by the general synthetic method (Morgan 
and Walls, J., 1931, 2447), are oxidised in glacial acetic acid solution quantitatively to 
the corresponding phenanthridones (VI), a smooth reaction resembling the oxidation of 
fluorene derivatives to fluorenones. (2) The method of B.P. 333,173 has been con- 
veniently modified by replacing a benzene solution of hydrazoic acid by a concentrated 
aqueous solution of commercially available sodium azide; when a concentrated-sulphuric 
acid solution of a fluorenone (VII; R = H, R’ = H, OH, OMe, NH, NO,, and R = NO,, 
R’ = Cl, NO,) is treated with this reagent, a phenanthridone (VIII) results. The reaction, 
which is accompanied by a notable colour change, is analogous to a Beckmann conver- 
sion, a process hitherto employed with more conventional reagents for the conversion of 
fluorenone itself into a small yield of phenanthridone (Wegerhoff, Annalen, 1889, 252, 39, 
for the first time). The purification and identification of the products were difficult 
owing to their insolubility and high decomposition points; moreover the unsymmetrically 
substituted fluorenones may give rise to 2- and 7-substituted phenanthridones. Contrary 
to the inferences of B.P. 333,173 that the nitro- and amino-phenanthridones obtained by 
the process are 2-derivatives, they are mixtures of isomerides, although Moore and Huntress 
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(oc. ctt.) claim the exclusive formation of 7-nitrophenanthridone from 2-nitrofluorenone- 
oxime. Separation of the nitro- and amino-isomerides could not be effected, but on 


CO-NH 
ma 


(VII.) OO — WRK >—CK_ RR 


\CO-NH~ 


a 


—N —N —N 
Br Cl a 
(IX.) (X.) (XI.) 


conversion into hydroxy-compounds the two isomerides were isolated, and oriented by 
their reactions. In strong alkali their methylation was anomalous, a result due probably 
to the imino-group reacting. 

By appropriate phosphoryl halides, 3-bromo-, 2-methoxy-, and 7-methoxy-phen- 
anthridones were converted into 9-halogeno-derivatives (IX—X1), in which the 9-halogen 
is reactive and condenses with primary and secondary amines. The condensation of (IX) 
and (X) with @-diethylaminoethylamine (XII) and with «-diethylamino-3-amino-n- 
pentane (XIII), and of 9-chlorophenanthridine also with (XIII), proceeded with ease, 
although the diamine (XIII) with the longer chain reacted much more slowly than (XII). 
This effect is undoubtedly a polar one, and depends on the reduction in the inductive 
effect of the tertiary amino-group as it becomes more remote from the reaction centre ; 
steric hindrance by the adjacent methyl group is an unlikely cause. 

The new triamines (compare III) are colourless basic oils which give very hygroscopic 
di-acid salts with mineral acids. Purification was effected by conversion into dipicrates, 
which crystallised in characteristic forms—an effective method for this type of com- 
pound, and less wasteful than the customary distillation in a high vacuum. The dihydro- 
chlorides have a sweet taste and some local anesthetic action; they are extremely soluble 
in water to colourless solutions of pg ca. 5, those containing the NH-CHMe-(CH,],"NEt, 
side chain being more nearly neutral than those with NH*[CH,],"NEt,. In contrast, the 
corresponding salts of the atebrin group are yellow and have an affinity for natural 
fibres. Fluorescence is only shown markedly by the methoxy-compounds, and for (III) 
is most striking. Their lack of chemotherapeutic value appears to be largely explicable 
on the grounds of their toxicity, in which they compare unfavourably with well-known 
antimalarials. 


Br 


EXPERIMENTAL. 
* Denotes microanalysis. 


Oxidation of 9-Methyl- and 9-w-Chloromethyl-phenanthridine.—A solution of 9-methylphen- 
anthridine (20 g.) in hot glacial acetic acid (120 c.c.) was treated slowly with powdered sodium 
dichromate (45 g.). When the vigorous reaction had subsided, the solution was refluxed for 
one hour and then poured into water. The precipitated phenanthridone was crystallised from 
nitrobenzene (yield, 14 g.). 

When the same process was applied to 9-w-chloromethylphenanthridine, a quantitative 
yield of phenanthridone resulted. 

3-Nitrophenanthridone.—A solution of 3-nitro-9-methylphenanthridine (15 g.) in hot glacial 
acetic acid (150 c.c.) was treated during 30 minutes with sodium dichromate (37 g.; 1-5 equivs.). 
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Vigorous reaction occurred with separation of a red microcrystalline powder. The mixture 
was refluxed for 2 hours and left over-night. The precipitate (14-5 g.) crystallised from 
nitrobenzene in minute red needles (12 g.), m. p. > 350° (Found: N, 11-7. C,s;H,O,N, 
requires N, 11-65%). 

3-Bromo-9-methylphenanthridine.—When 5-bromo-2-acetamidodipheny] (30 g.; Scarborough 
and Waters, J., 1927, 94) was refluxed for 2 hours with phosphorus oxychloride, vigorous 
reaction occurred with escape of hydrogen chloride. Excess of phosphoryl chloride was 
recovered by distillation under reduced pressure, and the residue was extracted repeatedly 
with hot dilute hydrochloric acid. On cooling, the extract deposited white talc-like crystals 
of a hydrochloride, from which a white crystalline base (25 g.) was liberated by ammonia; it 
formed long needles from alcohol, m. p. 129-5—130° (Found: N, 5-35; Br, 28-7. C,,H, NBr 
requires N, 5-15; Br, 29-4%). 

3-Bromophenanthridone.—The foregoing bromo-compound (15 g.) in hot glacial acetic acid 
solution was oxidised with sodium dichromate (24:g.). After a crystalline dichromate had 
separated and redissolved, 3-bromophenanthridone crystallised in yellow needles, which were 
washed in turn with glacial acetic acid and water and recrystallised from nitrobenzene (yield, 
11 g.); decomp. 302° after previous sintering (Found: N, 5-15; Br, 28-8. C,,H,ONBr 
requires N, 5-1; Br, 29-2%). 

3 : 9-Dibromophenanthridine (IX).—Finely powdered 3-bromophenanthridone (10 g.) was 
added in small portions to phosphorus oxybromide (30 g.) at 180° (oil-bath). After being heated 
for 5 hours, the product was cautiously decomposed with water, and the brown solid obtained 
was extracted with benzene (Soxhlet); after several crystallisations from benzene, almost 
colourless, prismatic needles (7 g.) were obtained, m. p. 170—171° (Found: N, 4-2; Br, 47-2. 
C,;H,NBr, requires N, 4-15; Br, 47-45%). 

Phenanthridone from Fluorenone.—The almost black solution of fluorenone (16 g.) in con- 
centrated sulphuric acid (80 c.c.), cooled in ice-water, was treated dropwise with stirring 
during 2 hours with a concentrated aqueous solution of sodium azide (8-5 g.). Brisk evolution 
of nitrogen ensued at once, the solution became light grey, and towards the end of the reaction 
some phenanthridone separated. The product was poured into water, and the precipitated 
phenanthridone, after impurities had been extracted with hot alcohol, was crystallised from 
nitrobenzene (yield, 12 g.). 

2(or 7)-Nitrophenanthridone.—2-Nitrofluorenone (25 g.), dissolved in concentrated sulphuric 
acid (140 c.c.), was similarly treated (sodium azide, 14 g.). The brown solid precipitated on 
addition of water, crystallised from boiling nitrobenzene in small, dark green needles, and sublimed 
extremely slowly at 250°/20 mm. in small yellow needles, decomp. ca. 340° over a range (Found : 
N, 11-9. Calc. for C;;H,O,N,: N, 11-7%). 

2(or 7)-Chlovo-7(or 2)-nitrophenanthridone, obtained similarly from 2-chloro-7-nitrofluor- 
enone (Courtot and Vignati, Compt. rend., 1927, 184, 1179), crystallised from nitrobenzene in 
green needles, m. p. 340° (Found: N, 10-45. C,,H,O,N,Cl requires N, 10-2%). 

2 : 7-Dinitrophenanthridone, prepared quantitatively from 2: 7-dinitrofluorenone (Morgan 
and Thomason, J., 1926, 2694), crystallised from nitrobenzene in brown plates or from pyridine 
in brownish-yellow needles containing combined solvent, m. p. > 340° (Found: N, 14-0. 
C,3;H,0,N; requires N, 14-75%). 

2(or 7)-Aminophenanthridone—(1) From 2(or 17)-nitrophenanthridone. A suspension of 
the nitro-compound (2 g.) in 40 c.c. of saturated alcoholic hydrogen chloride was vigorously 
shaken with crushed stannous chloride (5 g.). Dissolution did not occur, but reduction pro- 
ceeded with evolution of heat. When this had subsided, the product was refluxed for several 
hours, and then the suspended solid was dissolved in hot water and freed from tin with 
hydrogen sulphide. The base was precipitated by alkali in white needles of pearl-like lustre 
(1-2 g.), which were recrystallised from aniline; m. p. ca. 285° over a range (Found: N, 13-3. 
Calc. for Cy3H,,ON,: N, 13-35%). 

(2) From 2-aminofluorenone. This purple base (30 g.) dissolved in concentrated sulphuric 
acid (200 c.c.) to a dark crimson solution, which was treated in the general manner with sodium 
azide (19-5 g.) solution. The light brown solution that resulted was diluted with water and 
cooled; a sulphate then separated. On being heated with aqueous alkali, the salt was con- 
verted into a white base (31-5 g.), which was dissolved in hot dilute hydrochloric acid (charcoal) 
and reprecipitated by alkali. It crystallised from aniline in almost white needles (29-5 g.) 
indistinguishable from the amine of (1). 

2- and 7-Hydroxyphenanthridones.—Owing to the slight solubility of aminophenanthridone 
sulphate, the base (21 g.) was diazotised in hydrochloric acid (150 c.c. of 2N) at 0° with an 
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aqueous solution of sodium nitrite (3-5 g.). The microcrystalline diazonium salt that slowly 
separated was added portionwise to hot sulphuric acid (700 c.c. of 2N). Extraction of the 
brown product with aqueous alkali left dark-coloured by-products undissolved; neutralisation 
of the extract precipitated the hydroxy-compound as a buff-coloured mass (yield, 15—19 g.). 
By repeated crystallisation from pyridine, 2-hydroxyphenanthridone (8—11 g.) was separated ; 
it was further purified by conversion into the acetyl derivative. The pyridine mother-liquor 
was worked up for 7-hydroxyphenanthridone. 

2-Acetoxyphenanthridone was prepared from the foregoing (21 g.) by heating for 1 hour 
with acetic anhydride (14-5 c.c.; 1-5 equivs.) and glacial acetic acid (85 c.c.). Sufficient hot 
acetic acid was then added for complete dissolution; on cooling, clusters of plates separated, 
followed by long needles, which lost solvent of crystallisation on exposure (yield, 17-5 g.); 
white needles were formed from nitrobenzene, m. p. 273—274° (decomp.) (Found: *C, 70-8; 
H, 4-4; N, 5-65. C,,;H,,0,N requires C, 71-15; H, 4:35; N, 5-65%). 

2-Hydroxyphenanthridone was obtained from the foregoing by heating it with N-caustic 
soda at 100° till solution occurred. On acidification the pure hydroxy-compound was pre- 
cipitated in white needles; it formed transparent plates on recrystallisation from nitrobenzene, 
m. p. 341—343° (Found: *C, 73-95; H, 4:3; N, 6-75. C,sH,O,N requires C, 73-95; H, 4-25; 
N, 6-65%). When distilled in a current of hydrogen over zinc dust, this compound gave a 
50% yield of phenanthridine; 2 g., oxidised with alkaline permanganate, yielded phthalic 
acid (1-1 g.). 

2-Methoxyphenanthridone.—When a solution of the hydroxy-compound in concentrated 
caustic soda solution was shaken with methyl sulphate, an intractable gum was precipitated ; 
acidification of the filtrate also yielded a gum. With a minimum of dilute alkali solution 
reaction proceeded smoothly: a hot solution of 2-hydroxyphenanthridone (5 g.) in N-caustic 
soda (40 c.c.) was shaken with methyl] sulphate (4-5 g.; 1-5 equivs.), added portionwise. After 
30 minutes on the steam-bath the white precipitate of methoxy-compound was crystallised 
from pyridine or chlorobenzene, forming plates, m. p. 251° after previous sintering (Found : 
*C, 74-55; H, 49; N, 63; M, 216. C,,H,,O,N requires C, 74-65; H, 4:9; N, 62%; 
M, 225). 

9-Chlovro-2-methoxyphenanthridine (X).—In this preparation a high temperature is to be 
avoided. 2-Methoxyphenanthridone (10 g.) and phosphorus oxychloride (30 g.) were heated 
at 175° for 6 hours. The crude non-basic product (9-5 g.) after several crystallisations from 
benzene (charcoal) occurred in white needles (7-5 g.), m. p. 137-5° (Found: N, 5-85; Cl, 14-55. 
C,,H,gONCI requires N, 5-75; Cl, 146%). 

7-Hydroxyphenanthridone.—The pyridine mother-liquor from the crystallisation of 2-hydr- 
oxyphenanthridone was evaporated to dryness, and the dark-coloured residue (25 g. taken) 
was dissolved in hot 2N-caustic soda (about 60 c.c.; charcoal); a crudely crystalline sodium 
salt slowly separated. The hydroxy-compound liberated from it by acid was freed from most 
of the 2-isomeride by crystallisation from glacial acetic acid~anhydride (1 : 5), which retained 
the latter, and from which solvated 7-hydroxyphenanthridone crystallised on cooling in 
colourless elongated pointed prisms (7 g.); fractional crystallisation from nitrobenzene yielded 
7-hydroxyphenanthridone (5 g.) in flat plates, m. p. 320—322° (decomp.) (Found: *C, 73-6; 
H, 4-4; *N, 6-9. C,,;H,O,N requires C, 73-95; H, 4:25; N, 665%). 7-Hydroxyphenanthrid- 
one is sparingly soluble in hot water or alcohol, from which it separates in white needles. By 
repetition of the above process a further quantity (4 g.) was obtained. Distilled over zinc 
dust in a current of hydrogen, it gave a small quantity of phenanthridine; oxidation with 
permanganate in the same way as for its isomeride yielded no phthalic acid. 

7-Acetoxyphenanthridone is less readily prepared than its isomeride. The hydroxy-com- 
pound (0-5 g.) in hot pyridine (4 c.c.) was treated with acetic anhydride (1 c.c.) and gently 
refluxed for 30 minutes. On cooling, the acetyl derivative separated in white needles, con- 
veniently recrystallised from nitrobenzene, m. p. 261—264° (decomp.) (Found: *C, 70-6; 
H, 4-45; *N, 5-45. C,,H,,O,N requires C, 71-15; H, 4-35; N, 5-65%). 

7-Methoxyphenanthridone, prepared in high yield in the same way as for its isomeride, 
formed white plates from pyridine, m. p. 271—272° (Found: *C, 74-65; H, 5-0; N, 6-4. 
C,,H,,O,N requires C, 74-65; H, 4-9; N, 6-2%). 

9-Chloro-7-methoxyphenanthridine (XI) was obtained in good yield when the foregoing was 
heated with four times its weight of phosphorus oxychloride at 180° for 6 hours; it formed 
long radiating needles from benzene (charcoal) or from ligroin, m. p. 107° (Found: *N, 5-55; 
*Cl, 14-85. C,,.H,ONCI requires N, 5-75; Cl, 14-6%). 

2-Hydroxy- and 2-Methoxy-fluorenones and Hydrazoic Acid.—Both these compounds reacted 
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according to the general process, but the isolation of pure products did not follow readily. In 
the case of the first-named, considerable decomposition occurred, but application of the methods 
already described of fractional crystallisation led to the isolation of small amounts of 2- and 
7-hydroxyphenanthridones. 

a-Diethylamino-8-aminopentane (XIII).—This was prepared according to German Patent 
486,079 from §-diethylaminoethyl chloride and acetoacetic ester with one variation: «-diethyl- 
aminopentan-3-one, a stage in the synthesis, may be liberated directly from the aqueous 
liquor in which it is formed by salting out with potassium carbonate; steam-distillation is 
unnecessary (Found for the diamine: 0-244 g. neutralised 31-1 c.c. of 0-937N-hydrochloric 
acid. Calc. for diamine, 32-9 c.c.). 

The diamine was characterised by its dipicrate, which, after repeated crystallisations from 
alcohol, yielded fine transparent yellow prisms, m. p. 134—135° (Found: N, 18-25. 
Cyp9HggN3,2C,H,O,N, requires N, 18-2%). 

8-Diethylamino-a-methylbutylamino-9-phenanthridine Sulphate-—9-Chlorophenanthridine (4 
g.) and a-diethylamino-3-aminopentane (4 g.) were heated for 2 hours at 130° (oil-bath). The 
product was extracted with dilute hydrochloric acid, leaving unreacted 9-chlorophenanthridine 
(0-5 g.). Addition of alkali liberated the oily triamine, which was washed with very dilute 
caustic soda solution (water caused emulsification), dissolved in hot alcohol, and treated with a 
hot alcoholic solution of picric acid (2 equivs.). The dipicrate separated as a gum, which set 
slowly to a crystalline powder, conveniently purified by extraction with acetone (Soxhlet) ; 
an almost quantitative yield of small yellow plates, m. p. 196—197° after earlier progressive 
sintering, was obtained (Found: N, 16-35, 16-25. C,,H, N;,2C,H,O,N, requires N, 15-9%). 
A monopicrate could not be prepared. 

The dipicrate was decomposed slowly by heating with an excess of N-caustic soda, and 
the oily triamine liberated was extracted with methylene dichloride and dried over anhydrous 
potassium carbonate. Difficulty was experienced in isolating a crystalline salt of the base, but the 
sulphate was eventually obtained; it formed a gum with alcohol, but crystallised from a small 
quantity of water in long radiating needles which lost water of crystallisation on exposure; at 
90—100° water was lost rapidly, leaving a very hygroscopic “‘ glass’ [Found for dried salt: 
N, 9-1 (Kjeldahl) ; SO,, 21-9. C,H N;,H,SO, requires N, 9-7; SO,, 22-15%]. The 2% colour- 
less aqueous solution has pg ca. 4-5. 

3-Bromo-9-8-diethylaminoethylaminophenanthridine Dthydrochloride—3 : 9-Dibromophen- 
anthridine (3 g.) and §-diethylaminoethylamine (3 g.) reacted vigorously at 120° with ebullition 
of the latter. After 2 hours the product was lixiviated with hot dilute hydrochloric acid; the 
oily base liberated on neutralisation of the extract was washed free from diamine by very 
dilute aqueous alkali, and then converted into its dihydrochloride by solution in hot dilute 
acid (2 equivs.): on cooling, white plates with pearly lustre (4-2 g.) separated. This hydrated 
salt was very soluble in water; the colourless 2% solution had py ca. 4 (Found for anhydrous 
salt: N, 9-45; Cl, 15-7; Br, 18-25. C,gH,,N,Br,2HCl requires N, 9-45; Cl, 15-95; Br, 18-0%. 
Found for hydrated salt : loss at 100°/red. press., 10-55. 3H,O requires loss, 10-85%). 

The dipicrate crystallised from acetone in thick yellow prisms, decomp. ca. 156° (Found : 
N, 15:0. C,H,,N,;Br,2C,H,O,N, requires N, 15-2%). 

3-Bromo-9-3-diethylamino-a-methylbutylaminophenanthridine Dihydrochloride.——The product 
obtained by heating equal quantities of 3: 9-dibromophenanthridine and «a-diethylamino- 
3-aminopentane at 140° for 3 hours dissolved almost completely in dilute hydrochloric acid. 
The oily triamine liberated on neutralisation was converted into the dipicrate, which crystallised 
in almost quantitative yield from acetone in transparent yellow plates, decomp. 217—218° 
(Found : N, 14-55. C,,H,,N,;Br,2C,H,O,N, requires N, 14-45%). 

The salts of the triamine were very hygroscopic and had little tendency to crystallise; a 
dihydrochloride, after salting out from aqueous solution as an ill-defined white solid, crystallised 
from alcohol in microscopic needles extremely soluble in water; a 2% solution had pg ca. 5, 
and showed a faint violet fluorescence (Found for salt dried at 90° in a vacuum: N, 8-5; Cl, 
14-45; Br, 16-45. C,,H,,N,Br,2HCl requires N, 8-6; Cl, 14-55; Br, 16-45%). 

2-Methoxy-9-B-diethylaminoethylaminophenanthridine Dihydrochloride.—9-Chloro-2-methoxy- 
phenanthridine and §-aminotriethylamine condensed readily at 120° during 2 hours. The oily 
triamine was purified through its dipicrate, which crystallised from acetone or acetone-alcohol 
in thick yellow prisms, m. p. 207° (decomp.) after previous softening (Found: N, 15-95. 
C,,H,,ON;,2C,H,O,N, requires N, 16-1%). The triamine regenerated from its dipicrate was 
converted into a microcrystalline dihydrochloride after solution in hot alcoholic hydrochloric 
acid. This hygroscopic salt was extremely soluble in water; its solution (2%) showed notable 
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violet fluorescence, and had pq, 4:5 (Found for anhydrous salt: N, 10-9; Cl, 17-85. 
C.>H,;ON;,2HCI requires N, 10-6; Cl, 17-95%). 

2-Methoxy-9-8-diethylamino-a-methylbutylaminophenanthridine Dihydrochloride  (III).—9- 
Chloro-2-methoxyphenanthridine (3 g.) and «-diethylamino-3-aminopentane (3 g.), heated at 
140° for 4 hours, yielded an oily triamine and 0-4 g. of unreacted chloro-compound. The 
dipicrate crystallised quantitatively from acetone in clusters of transparent acicular prisms, 
decomp. 192—193° (Found: N, 15-2. C,;H;,ON;,2C,H,O,N, requires N, 15-3%). 

Isolation of the deliquescent dihydrochloride of the base liberated from this dipicrate pre- 
sented unusual difficulty. An ethereal extract of the triamine was left for 24 hours over a 
potassium carbonate—charcoal mixture; the colourless supernatant solution was then treated 
with dry hydrogen chloride, a white salt separating which became sticky on exposure. It was 
dissolved in hot absolute alcohol and cooled in a desiccator; the liquid filled with colourless 
transparent plates of a dihydrochloride, which was dried in a vacuum over soda lime. This 
salt was extremely soluble in water; its 2% solution had py 5-5. Solutions of the salt in water 
or alcohol, or of the base itself in alcohol showed brilliant purple fluorescence (Found for the 
anhydrous salt: N, 10-1; Cl, 16-0. C,;H,;,ON;,2HCI requires N, 9-6; Cl, 16-2%). 


Thanks are due to Professor G. T. Morgan, F.R.S., Director of Chemical Research, for 
helpful criticism and advice, and for permission to publish these results. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON, ‘ 
MIDDLESEX. [Received, July 26th, 1935.] 





338. The Reactivity of Halogen Compounds. Part III. The Velocities 
of Reaction, Energies of Activation, and Probability Factors for the 
Reaction between 2:4-Dinitrobromobenzene and some Aromatic 
Primary Amines. 


By ATTAR SINGH and D. H. PEAcock. 


RHEINLANDER (J., 1923, 123, 3099) found that the ratio of the velocity constants of the 
reactions of aniline with 1-bromo- and with 1-chloro-2 : 4-dinitrobenzene was approxim- 
ately 1-5: 1, a much smaller ratio than that usually observed with aliphatic bromo- and 
chloro-compounds (cf. Menschutkin, Z. physikal. Chem., 1890, 5, 589). It is obviously of 
interest to determine whether the cause of this difference is to be found in the energy of 
activation or in the probability factor. We have recently obtained the velocity constants, 
energies of activation, and probability factors for the reaction between 1-chloro-2 : 4- 
dinitrobenzene and a number of aromatic primary amines (J. Physical Chem., in the press) 
and now report the results for aniline and m- and p-toluidine with 1-bromo-2 : 4-dinitro- 
benzene. The following table summarises both sets of experiments : 


1-Halogeno-2 : 4-dinitrobenzene and aromatic primary amines in ethyl-alcoholic solution. 


[Bromo-compound] = 0°1M; [Base] = 0°4M, except where otherwise stated. 
Regge. Ras. E. : log P. 
0°01037 0-0185 11,220 . . 
»» 0-00964 — — 
m-Toluidine 0-01385 0°02525 11,640 
p- ” 0°0319 0°0552 10,630 


Former data for chloro-compound. 


Aniline 0-00691 0-0123 11,180 
» (08M) 0-00649 aes a 

m-Toluidine 0-00975 0-0177 11,560 

F ngapets 0-0213 0-0357 10,060 


Time is expressed in minutes; log A is the quantity in the equation kp = Ae~*!/*?; 
log P is calculated as described by Williams and Hinshelwood (J., 1934, 1079). 
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The ratios of the rates of reaction with the bromo- to those with the chloro-compound 
are: aniline and #-toluidine, 1-5; m-toluidine, 1-4. If the change in velocity constant 
were due entirely to a change in E, then the fall in E for the bromo-compound would be 
about 240 cals., well within the limits of experimental error. It may, however, be sig- 
nificant that in the three cases, instead of a fall, a rise in E is observed; unless there is 
some constant error it would appear that the true energy of activation of the bromo- 
compound is unlikely to be less than that for the chloro-compound in all three cases, and 
that therefore the difference in rate of reaction is partially, and possibly wholly, due to a 
difference in probability factor. 

The velocity constant for the reaction with the bromo-compound, as with the chloro- 
compound, falls with increasing amine concentration (cf. Rheinlander, loc. cit.). p-Toluid- 
ine reacts faster than m-toluidine, and the energies of activation are in the reverse order, 
as would be expected on the Lapworth—Robinson hypothesis (cf. Peacock, J., 1925, 127, 
2177). Both toluidines react faster than aniline (cf. Van Optall, Rec. trav. chim., 1933, 
52, 901). Ingold and Shaw (J., 1927, 2918) found that toluene was nitrated in both the 
p- and the m-positions faster than was aniline, and this effect is apparently relayed to the 
attached nitrogen atom in the toluidines (cf. Waters, J., 1933, 1551). 


The ethyl alcohol used was dried over quick-lime, fractionally distilled, and the middle 
fraction used. The bromodinitrobenzene was prepared in the ordinary way, and crystallised 
from ethyl alcohol. The aniline and m-toluidine were prepared by hydrolysis of the acetyl 
compounds. #-Toluidine was crystallised from light petroleum. The determination of the 
velocity constant was carried out as described by Rheinlander (oc. cit.), 50-c.c. glass-stoppered 
flasks being used for the reaction mixture. 


Jupson COLLEGE AND UNIVERSITY COLLEGE, 
UNIVERSITY OF RANGOON. (Received, May 24th, 1935.] 





339. The Reactivity of Halogen Compounds. Part IV. The Effect of 


the Addition of Inactive Substances on the Rate of Reaction, Energy 
of Activation, and Probability Factor. 


By ATTAR SINGH and D. H. PEAcOocK. 


WILLIAMs and HINsHELWooD (J., 1934, 1079) have shown that addition of nitrobenzene 
increases the rate of reaction between benzoyl chloride and aniline in benzene solution, 
and that its effect is proportional to its concentration. We have examined the effect of 
the addition of a number of inert substances—the term “ inert” being used in a com- 
parative sense—on the rates of reaction of 1-chloro- and 1-bromo-2 : 4-dinitrobenzene 
with aniline in ethyl-alcoholic solution. These experiments were carried out to test the 
suggestion (Peacock, J. Physical Chem., 1926, 30, 673) that the energy located in the 
benzene nucleus in aniline and similar compounds might serve as a reservoir of energy 
for the amino-group, increase the rate of reaction, and so explain the effect of change of 
concentration on reaction velocity ; however, they do not support that view. 


The measurements of velocity were carried out as described by Rheinlander (J., 1923, 128, 
3099). The tertiary bases used were all freed from primary or secondary bases by treatment 
with -toluenesulphonyl chloride. In testing the effect of an added substance, a control 
experiment was always carried out with the same aniline, halogen compound, and absolute 
alcohol. 

The solvent used was absolute alcohol (ethanol). The concentration of the halogeno- 
2: 4-dinitrobenzene was 0-1M, and that of the aniline 0-4M except where otherwise stated ; 
log A is derived from the equation k = Ae-“/RT, Since the reactants are the same in any one 
series of experiments, Z,, will be constant, and therefore log A is proportional to log P, 
where P is the probability factor. In the following tables are summarised the results of our 
experiments. 
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Effect of the addition of inert substances on the reactivity between aniline and 
1-halogeno-2 : 4-dinitrobenzenes. 


Substance added. Rg5e- Ras. E. 
1-Chloro-2 : 4-dinitrobenzene. 


0°00691 0°0123 11,180 
Dimethylaniline, 0°-4M 0-0058 0°01038 11,280 
as 0°8M 0°00449 0°00872 12,870 
: 0°00326 0:00628 12,710 
0°0065 
Chlorobenzene, 0°4M 0:0064 
Nitrobenzene, 0°4M 0-0063 
cycloHexane, 0°4M 0:00699 
Nil (Aniline, 0°8M) 0:00649 


4-dinitrobenzene. 


0°01037 0°0185 
Dimethylaniline, 0°-4M 0:00858 0°0156 
Methylethylaniline, 0°-4M = 0-0170 
Diethylaniline, 0-4! — 0°0174 
Nil (Aniline, 0°8M) 0:00964 -—- 
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cycloHexane has no effect, which suggests that its inertness as a solvent is due, not so 
much to a deactivating effect, #.e., a positive influence, as to something which it fails to 
do and other solvents do (cf. Ogg and Polanyi, Trans. Faraday Soc., 1935, 31, 604). The 
effective substances all contain the benzene nucleus, which may be significant, for both 
the reactants also contain this nucleus. Dimethylaniline has the most marked effect : 
in 0-4M-concentration it lowered the velocity constant more than did the same concen- 
tration of aniline (cf. Peacock, loc. cit.). Its effect does not seem to be proportional to its 
concentration; it raises the value of the energy of activation, but the differences in E 
are, of course, liable to large experimental errors, probably of the order of 600 cals. The 
dipole moment of the substance added does not seem to be closely related to its effect. 


We thank the University of Rangoon for a grant in aid of the work described in this and 
the preceding paper, which is being continued. 


Jupson COLLEGE AND UNIVERSITY COLLEGE, 
UNIVERSITY OF RANGOON. (Received, May 24th, 1935.] 





340. Hxperiments on the Synthesis of Substances Related to the 
Sterols. Part IV. Some Derivatives of Chrysene (contd.). 


By H. J. Lewis, G. R. RAMAGE, and ROBERT ROBINSON. 


THE aims of this part of the investigation have been already explained in Part I (J., 1933, 
607). The new material comprises (1) the isolation of 5 : 14~-dimethoxyhexahydrochrysene 
and its diketo-derivatives in the stereoisomeric series-b, (2) the pre- 
paration of 6: 15-dimethoxyhexahydrochrysene and 5:6: 14: 15- 
tetramethoxyhexahydrochrysene, and (3) the preparation of 2: 11- 
dimethylchrysene by aerial oxidation of the product of interaction of 
cis-2 : 11-diketo-1 : 2: 9:10:11: 18-hexahydrochrysene and methy]l- 
magnesium iodide. 
Owing to the fact that the yields of bimolecular reduction products of substituted cinn- 
amic esters in the new examples were uniformly poor, the stereoisomeric series could not 
be examined and the investigation was directed into other channels. 


EXPERIMENTAL. 
Methyl ®By-Dianisyladipate-b.—Methy] 4-methoxycinnamate (50 g.) was reduced as described 
in Part I (oc. cit.), the methyl ®y-dianisyladipate-b being present with other products (13 g.) in 
the ether-soluble viscous material. The ester could not be induced to crystallise, but about half 
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of the product could be distilled, b. p. 285°/14 mm., and this fraction crystallised from a solution 
inalittle methylalcohol. On recrystallisation methyl fy-dianisyladipate-d (3-0 g.) was obtained 
as long colourless prisms, m. p. 67° (Found: C, 68-5; H, 6-8. C,,H,,O, requires C, 68-4; H, 
67%). Hydrolysis gave By-dianisyladipic-b acid, which crystallised from aqueous methyl 
alcohol (1:1) in colourless prisms, m. p. 180° (Found: C, 67-0; H, 6-2. C,.H,,O, requires 
C, 67-1; H, 6-15%). 

2: 11-Diketo-5 : 14-dimethoxy-1: 2:9: 10: 11: 18-hexahydrochrysene-b.—Dianisyladipic-b 
acid (3-0 g.) was ring-closed by means of a Friedel-Crafts reaction in tetrachloroethane solution, 
under conditions already described for the isomeride-a, with cooling at first, and then at 60° 
for 12 hours. The solvent was removed in a current of steam and, on cooling, the brown oil 
solidified ; it was collected and digested with hot aqueous sodium hydroxide (10%) in order to 
remove acids. Crystallisation from butyl alcohol gave the diketone (1-9 g.) as plates, m. p. 220° 
(Found: C, 74-4; H, 5-7. C.)H,,O, requires C, 74-5; H, 5-6%), moderately readily soluble in 
anisole and in hot butyl] alcohol. 

In view of the difficulty of separating the methyl Sy-dianisyladipate-b from the viscous un- 
identified substances that are also formed in the reduction, the preparation of the diketone was 
modified in that the crude mixture was hydrolysed and, after drying, the crude acid (12 g.) was 
treated with thionyl chloride and ring-closed as above; the pure diketone (3-5 g.) was then 
isolated. 

5: 14-Dimethoxy-1: 2:9: 10:11: 18-hexahydrochrysene-b.—A mixture of the above di- 
ketone (1-2 g.), amalgamated zinc (50 g.), and concentrated hydrochloric acid (10 c.c.) was 
refluxed for 36 hours, a further quantity (15 c.c.) of hydrochloric acid being added during this 
period. The resulting oil was collected in benzene, the solvent removed, and the distilled pro- 
duct (reduced pressure) crystallised first from butyl alcohol and then from ethyl alcohol, 
forming irregular plates (0-5 g.), m. p. 140—141° (Found: C, 81-2; H, 7-5. C,)H,,O, requires 
C, 81-6; H, 7-5%). 

By-Di-3-methoxyphenyladipic-a Acid.—Methy]l 3-methoxycinnamate (50 g.) was reduced in 
ethereal solution (1500 c.c.) by means of aluminium amalgam (from 100 g. of aluminium foil) 
under conditions similar to those employed in other cases by Oommen and Vogel (J., 1930, 
2150). The main product was methyl B-3-methoxyphenylpropionate, b. p. 146°/12 mm. (Found : 
C, 68-2; H, 7-2. C,,H,,O, requires C, 68-1; H, 7-2%), but the viscous residue from this, when 
dissolved in ether and kept in the ice-chest, afforded crystals of methyi By-di-3-methoxyphenyl- 
adipate-a (1-7 g.) (4 g. of viscous oil left in the ether probably contained some of the isomeride-b). 
The ester crystallised from ethyl alcohol in colourless prisms, m. p. 139-5° (Found: C, 68-4; 
H, 7-0. C,y,H,,O, requires C, 68-4; H, 6-7%). It was hydrolysed by refluxing with aqueous- 
alcoholic potassium hydroxide. y-Di-3-methoxyphenyladipic-a acid crystallised from methyl 
alcohol in minute prisms, m. p. 247—248° (Found: C, 66-7; H, 6-4. C,,H,,O, requires C, 
67-0; H, 6-1%). 

2 : 11-Diketo-6 : 15-dimethoxy-1:2:9:10: 11: 18-hexahydrochrysene-a.—A mixture of di- 
3-methoxyphenyladipic acid (0-5 g.) and sulphuric acid (5 c.c. of 90%) was heated at 100° for 
2-5 hours. The product was freed from acids (yield, 0-3 g.); it crystallised from boiling acetic 
anhydride in rectangular plates, m. p. ca. 350° (Found: C, 73-9, 74-2; H, 5-8, 5°7. Cg9H yO, 
requires C, 74-5; H, 5-6%). 

6 : 15-Dimethoxy-1: 2:9: 10:11: 18-hexahydrochrysene.—The crude diketone (1-2 g.) was 
reduced by amalgamated zinc (60 g.) and hydrochloric acid (15 c.c. of 30% + 6 c.c. after 12 
hours) in the presence of anisole (30 c.c.) at the b. p. of the liquid during 24 hours. The hot 
anisole layer was separated, the zinc extracted with fresh anisole, and the solvent removed by 
distillation under diminished pressure. Alcohol (10 c.c.) was added to the residue, and the sub- 
stance then separated in a crude condition (0-3 g.). It crystallised from acetic acid in stout 
prisms, m. p. 159° (Found : C, 81-4; H, 7-6. C,,H,,O, requires C, 81-6; H, 7-5%). 

Methyl 3 : 4-Methylenedioxycinnamate.—A 90% yield of this ester was obtained by the con- 
densation of piperonal (50 g.) and dry methyl acetate (200 c.c.) by means of finely granulated 
sodium (8 g.); the reaction was completed by refluxing for 1 hour. The ester crystallised from 
methyl alcohol in plates, m. p. 133—134° (Found: C, 64-2; H, 4:8. C,,H,,O, requires C, 
64-1; H, 4.8%). Presumably this substance is not identical with the methyl 3 : 4-methylene- 
dioxycinnamate, m. p. 68—69°, obtained by Feuerstein and Heimann (Ber., 1901, 34, 1469) 
by esterification of the acid, but we have not yet examined this form of lower m. p. On reduc- 
tion with amalgamated aluminium in ethyl acetate solution the ester, m. p. 133°, gave methyl 
8-3 : 4-methylenedioxyphenylpropionaie as the sole product; b. p. 165—170°/13 mm., m. p. 
34—365° (prisms from alcohol) (Found: C, 63-8; H, 5-8. C,,H,,0, requires C, 63-5; H, 5-8%). 
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By-Di-3 : 4-dimethoxyphenyladipic-a Acid.—The condensation of veratraldehyde (50 g.) 
and dry methyl acetate (150 c.c.) with the help of granulated sodium (7 g.) afforded 60 g. of 
methyl 3 : 4-dimethoxycinnamate, b. p. 200°/20 mm. 

On reduction of this ester (50 g.) in ethereal solution (1500 c.c.) by means of amalgamated 
aluminium (100 g.), there were obtained methyl 8-3 : 4-dimethoxyphenylpropionate (37 g.), b. p. 
175—180°/12 mm.., plates, m. p. 37° (Found: C, 64-5; H,7-1. C,,H,,O, requires C, 64-3; H,7-1%), 
and a viscous residue (4-5 g.) from the distillation. An ethereal solution of the latter deposited 
crystals (0-6 g.) on keeping in the ice-chest; the substance separated from hot n-butyl] alcohol in 
microscopic prisms, m. p. 184° (Found: C, 64-7; H, 6-9. C,,H,,O, requires C, 64-6; H, 6-7%). 

This methyl By-di-3 : 4-dimethoxyphenyladipate-a was isolated in larger amount (6 g.) from the 
alumina sludge; it was hydrolysed by means of boiling aqueous-alcoholic potassium hydroxide 
and the acid, crystallised five times from acetic acid, was obtained in microscopic prisms, m. p. 
255° (Found: C, 63-0; H, 6-4. C,,H,,O, requires C, 63-2; H, 6-2%). 

2: 11-Diketo-5 : 6 : 13 : 14-tetramethoxy-1: 2:9: 10:11: 18-hexahydrochrysene-a.—A mixture 
of By-di-3 : 4~-dimethoxyphenyladipic-a acid (0-5 g.) and sulphuric acid (3 c.c. of 80%) was heated 
on the steam-bath for 30 minutes (yield, 0-3 g.). The substance was very sparingly soluble in 
organic solvents; it crystallised from boiling acetic anhydride in plates, m. p. 330° (decomp.) 
(Found: C, 69-0; H, 5-7. C,,H,,O, requires C, 69-1; H, 5-8%). 

5:6: 13: 14-Tetramethoxy-1:2:9:10: 11: 18-hexahydrochrysene-a.—The reduction was 
carried out in presence of boiling anisole as in similar cases; a somewhat improved yield was 
obtained when the finely powdered diketone was slowly added to the reducing agents and solvent 
over a period of hours. The product crystallised from acetic acid in rhomboidal plates, m. p. 
204° (Found: C, 74-4; H, 7-4. C,,H,,O, requires C, 74-6; H, 7-3%). 

2 : 11-Dimethylchrysene.—A Grignard reagent was prepared in dry ether (10 c.c.) from methyl 
iodide (4-5 g.) and magnesium (0-75 g.) and diluted with dry benzene (30 c.c.). To the hot 
solution, dry powdered cis-diketohexahydrochrysene (2-0 g.) was slowly added, and the mixture 
refluxed for 3 hours. After decomposition with dilute sulphuric acid, a precipitate remained 
which could not be purified, but when the benzene solution was exposed to the air and allowed 
to evaporate slowly, oxidation occurred and dimethylchrysene separated in stout prisms, m. p. 
237° (Found: C, 93-7; H, 6-4. C,.,H,_ requires C, 93-75; H, 6-25%). The same compound 
was obtained, but not so readily, by employing the less soluble ¢vans-diketone in the above 
preparation. 

The 1 : 3: 5-tvinitrobenzene compound of dimethylchrysene was prepared in benzene solution ; 
it crystallised from this solvent as reddish-orange needles, m. p. 222° (Found: C, 66-5; H, 4:1. 
CypHg4,C,H,O,N, requires C, 66-6; H, 4:1%). 

The styphnate crystallised from benzene in orange needles, m. p. 207° (decomp.). Both 
these derivatives are much more stable than the corresponding chrysene compounds; the 
picrate, however, could not be isolated. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, August 1st, 1935.] 





341. Experiments on the Synthesis of Substances Related to the Sterols. 
Part V. The Condensation of Phenylsuccinic Anhydride with Vera- 
trole under the Influence of Aluminium Chloride. 


By RoBErRT RosBInson and P. C. Youne. 


THE application of the Friedel-Crafts reaction to phenylsuccinic anhydride and veratrole 
might give either (I) or (II), and it was important to ascertain the course taken by the 
reaction, in order to select suitable further stages of an attempted synthesis of 5: 6- 
dimethoxyhexahydrochrysene, which is feasible in either case (I or II). A similar 
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problem has been studied by Anschiitz, Hahn, and Walter (Annalen, 1907, 354, 150), 
who found that phenylsuccinic anhydride, benzene, and aluminium chloride afforded 
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desylacetic acid, PheCO-CHPh-CH,°CO,H (analogous to I); we expected a similar result 
when veratrole was used instead of benzene. 

The condensation was effected in nitrobenzene solution and gave an excellent yield of a 
homogeneous product which proved to be (II), because its characteristic methyl ester was 
also obtained by the action of aluminium chloride on a mixture of veratrole and $-carbo- 
methoxy-f-phenylpropionyl chloride, Ph*CH(CO,Me)-CH,°COCI. Similarly treated, 6- 
carbomethoxy-«-phenylpropionyl chloride, PhyeCH(COCI)-CH,°CO,Me, gave an uncrystal- 
lisable oil. The constitutions of these isomeric ester-chlorides have been established by 
Anschiitz, Hahn, and Walter (loc. cit.). It may be noted in this connection that Rice (J. 
Amer. Chem. Soc., 1931, 58, 3159) obtained about equal amounts of isomeric acids as the 
result of the Friedel-Crafts reaction applied to resorcinol dimethyl ether and 2 : 4-dimethoxy- 
phenylsuccinic anhydride. It is curious that only one of the isomerides was formed in 
the condensation of resorcinol dimethyl ether with maleic anhydride. 

The acid (II) has been reduced by Clemmensen’s method to «-phenyl-y-veratrylbutyric 
acid, which may be dehydrated to a ketodimethoxyphenyltetrahydronaphthalene (III). A 


CH,:CO,Et 
co C 
ai) MeO HPh Meo’ \“\CPh ay, 
MeO H, MeO! H, 
: H, H, 


Reformatzky reaction with ethyl bromoacetate then affords an unsaturated ester of the 
probable constitution (IV), but the conditions for the final stage of ring-closure to a chrysene 
derivative have not yet been found. 


EXPERIMENTAL. 

Phenylsuccinic Anhydride.—In the preparation of «-cyano-$-phenylacrylic acid (‘‘ Organic 
Syntheses,’’ VII, 20 or I—IX, 175) by Lapworth and McRae’s method (J., 1922, 121, 1699) the 
yield (from 100 g. of benzaldehyde) was found to be 134 g. instead of the 105—110 g. claimed. 
The amount of sodium hydroxide employed in the condensation was increased. The dehydr- 
ation of phenylsuccinic acid by means of boiling acetic anhydride does not proceed satisfac- 
torily, but a quantitative yield was obtained when the acid (22 g.) was refluxed for 1-5 hours with 
acetyl chloride (80 c.c.) ; b. p. 161°/8 mm., m. p. 54° (from ether). 

8-Veratroyl-a-phenylpropionic Acid (II).—A mixture of phenylsuccinic anhydride (4 g.) and 
veratrole (6 g.; nearly 2 mols.) was added to a cooled solution of aluminium chloride (7:5 g.) 
in pure nitrobenzene (15 c.c.), and the whole kept in a stoppered vessel for 48 hours. After 
addition of ice and hydrochloric acid the solvent and unchanged veratrole were removed in a 
current »f steam; the residual oil solidified on cooling. The acid was purified by solution in 
aqueous sodium hydrogen carbonate, and recovery after washing with ether to remove neutral 
impurities; the amorphous precipitate was collected, washed with boiling water, and dried (6-0 
g. or 84%). It crystallised from benzene in colourless quadrilateral leafiets, m. p. 134—135°, 
raised to 142—143° (constant) by several recrystallisations (Found in material dried at 110° 
in a high vacuum : C, 68-7; H, 5-7. C,,H,,O0; requires C, 68-8; H, 5-7%). The acid is readily 
soluble in most organic solvents, but sparingly in carbon disulphide, light petroleum, and hot 
water. 

Its mononitro-derivative, formed by the action of nitric acid (d 1-42) in the cold, crystallised 
from alcohol in pale yellow needles, m. p. 176—179° (Found: N, 3-9. C,,H,,0,N requires N, 
3-9%). The substance contains the 6-nitroveratroyl group, because, after vigorous reduction 
(Clemmensen), the ferric reaction characteristic of 4-aminoveratroles was observed. 

The Methyl Estey —(A) The acid (4 g.) was refluxed for 6-5 hours with 5% methyl-alcoholic 
hydrogen chloride (120 g.). The derivative crystallised from methyl alcohol in colourless prisms 
or hexagonal plates, m. p. 100—100-5° (Found : C, 69-3; H, 6-1. C,jsH,.O; requires C, 69-5; 
H, 6-1%). 

(B) 8-Carbomethoxy-f-phenylpropiony] chloride (from 1-1 g. of the acid) (Anschiitz, Hahn, 
and Walter, Joc. cit.) and veratrole (1 g.) were gradually treated in boiling carbon disulphide 
solution with powdered anhydrous aluminium chloride (1-8 g.) and then refluxed for 1 hour. » 
The neutral oil isolated after decomposition with ice and hydrochloric acid was freed from last 
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traces of solvent and veratrole by washing with boiling light petroleum (b. p. 40—60°). The 
substance was eventually crystallised from methyl alcohol and was identified with the ester 
obtained as in (A) by m. p., undepressed mixed m. p., and by a comparison of crystal form. 

When a mixture with piperonal and sodium hydroxide was refluxed in alcoholic solution, 
the liquid became brownish-yellow and on dilution and acidification a gummy, pale yellow acid 
was precipitated. This could not be crystallised; it dissolved in sulphuric acid to an intense blue 
solution (dichroic-red), which became magenta and then colourless on the addition of water. 
Evidently a piperonylidene derivative was formed and this confirms our view of the course of 
the main reaction considered. 

1-Keto-6 : 7-dimethoxy-2-phenyl-1 : 2: 3: 4-tetrahydronaphthalene (III).—A mixture of B- 
veratroyl-«-phenylpropionic acid (5 g.), amalgamated zinc (60 g.), and concentrated hydrochloric 
acid (20 c.c.) was heated under reflux for 15-5 hours, and occasionally replenished by the addition 
of a few c.c. of hydrochloric acid. The acidic substance formed was isolated as an oil (4-35 g.), 
that later crystallised; a small quantity of a neutral compound was also obtained and found to 
consist of phenyldimethoxytetralone (below). The phenylveratrylbutyric acid was dissolved 
in a little anhydrous ether, a large volume of n-pentane added, and the solution concentrated to 
a small volume and seeded; on keeping in the ice-chest, a colourless crystalline crust and some 
flocculent needles separated, m. p. 83° (Found: C, 71-9; H, 6-7. C,,H,,O, requires C, 72-0; 
H, 6-7%). 

Crude a-phenyl-y-veratrylbutyric acid (4-2 g.) was directly heated with, 80% sulphuric acid 
(20 c.c.) for 30 minutes. After dilution of the reaction mixture with water the solid was 
collected, triturated with warm dilute aqueous sodium hydroxide, washed, dried, and dissolved 
in hot methyl alcohol (70c.c.). Colourless prisms (1-75 g.) separated on cooling, and the mother- 
liquor afforded 1-1 g. of the same substance, m. p. 140—141° (Found: C, 76-4; H, 6-3. C,,H,,0, 
requires C, 76-6; H, 6-4%), moderately readily soluble in the common organic solvents except 
light petroleum. 

In agreement with our view of the constitution of this substance, it does not form a piper- 
onylidene derivative under the usual conditions, nor does it condense with o-hydroxybenz- 
aldehydes and hydrogen chloride to pyrylium salts. 

Ethyl 6 : 7-Dimethoxy-2-phenyl-3 : 4-dihydronaphthyl-1-acetate (IV).—A mixture of the fore- 
going ketone (0-8 g.), ethyl bromoacetate (0-8 g.), zinc wool (0-4 g., previously heated in iodine 
vapour), and benzene (ca. 10 c.c.) was refluxed for 23 hours. The reaction product was washed 
with dilute sulphuric acid, isolated by means of ether, and dried in a vacuum at 100° (0-3 g.). 
It crystallised when rubbed with a little fresh ether and was recrystallised from acetone (0-18 g., 
m. p. 152—161°) and from acetone—methyl alcohol; flat prisms (0-1 g.), m. p. 159—161-5° 
(Found: C, 75-2; H, 6-8. C,,H,,O, requires C, 75-0; H, 6-8%). On hydrolysis by means of 
aqueous methyl-alcoholic potassium hydroxide, the related solid acid was obtained. A solution 
of this in aqueous sodium carbonate gave no cloudiness or precipitate on the addition of bromine 
water. Henceitis probably a By- and not an a$-unsaturated acid. 


Dyson PEerRINS LABORATORY, OXFORD UNIVERSITY. [Received, August 1st, 1935.] 





342. The Solubility of Bariwm Iodate in Salt Solutions. 
By G. MacpouGaLt and C. W. DAVIEs. 


THE measurements here reported concern the solubility of barium iodate monohydrate at 
25° in dilute solutions of calcium chloride, and the chloride, nitrate, chlorate, and perchlor- 
ate of potassium. In addition, the conductivity of barium iodate solutions was measured 
in order to estimate the extent of ionic association in the saturated solution. 

The results are of interest in two connexions. The solubility of a salt has usually 
been found to be markedly dependent on the individual nature of added salts and not 
merely, as simple theory would predict, on the ionic strength. In previous papers (J., 
1930, 949, 2410, 2421) this has been attributed to ionic association, and it is here shown that 
for the bi-univalent salt now studied the specific effects appearing in dilute solutions can 
be quantitatively accounted for in the same way. Secondly, the results have been used 
to test the Debye—Hiickel limiting equation log f = — 0-505z*+/u, where f is the activity 
coefficient of an ion of valency z, and yp is the ionic strength. When this work was under- 
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taken in 1930 there were grounds for doubting the correctness of the numerical factor in 
the equation, but several papers since published have demonstrated its validity, in agree- 
ment with the earlier results of Brénsted and LaMer (J. Amer. Chem. Soc., 1924, 46, 560) ; 
our results, after allowance is made for ionic association, are in complete harmony with the 
limiting theoretical equation. , 


EXPERIMENTAL. 


Materials —The barium iodate monohydrate was prepared from A.R. barium hydroxide 
and iodic acid, solutions of the two being allowed to drop, with the acid in slight excess, into 
conductivity water in an apparatus protected from the atmosphere, and the crystalline 
precipitate being washed until its solubility was constant. It was analysed by the method 
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described below. The calcium chloride solutions were prepared from a stock solution stand- 
ardised with silver nitrate. The potassium perchlorate was twice recrystallised from con- 
ductivity water, and the other salts were ‘‘ A.R.”” chemicals which had been powdered, and dried 
in a vacuum. 

Conductivity Measurements.—Water of measured specific conductivity (about 0-4 gemmho) 
was saturated with the pure salt in a conductivity cell of the Hartley and Barrett type. After 
periodic agitation for several days a constant conductivity was reached, and was measured on a 
bridge of conventional type; some of the solution was then withdrawn and analysed. The equiv- 
alent concentration was 0-001620, and the equivalent conductivity at 24-93° (after subtraction 
of the conductivity of the solvent) was 96-77. The equivalent conductivity at infinite dilution 
was calculated as follows: Shedlovsky’s measurements give 63-63 for the mobility of barium 
ion, and 349-72 for that of hydrogen ion (MacInnes, Shedlovsky, and Longsworth, Chem. 
Reviews, 1933, 18, 29; Shedlovsky and Brown, J. Amer. Chem. Soc., 1934, 56, 1066), based on 
Parker’s cll-constant data; on the Kohlrausch standard these become 63-75 and 350-22 re- 
spectively (cf. Davies, ‘‘ Conductivity of Solutions,’’ 1933, p. 206). Kraus and Parker’s measure- 
ments (J. Amer. Chem. Soc., 1922, 44, 2429) give A, = 391-15 for iodic acid (Davies, J., 1933, 
4zZ 
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645); combination of these figures gives Ay = 104-65 for barium iodate at 25°, or 104-50 at 
24-93°, whence the Onsager slope for barium iodate is 166, and the theoretical value for the equiv- 
alent conductivity of the saturated solution is 97-82. If the discrepancy, 1-05 units, is attri- 
buted to ionic association, it can be calculated by methods previously described (Righellato and 
Davies, Trans. Faraday Soc., 1930, 26, 592) that the dissociation constant for the second-stage 
dissociation, BalO,, —= Ba™ + IO,’, is 0-076. Some further conductivity measurements 
were made on more dilute solutions, prepared by siphoning known amounts of stock solution into 
water of known conductivity in a second cell. For these solutions the solvent correction had 
to be obtained by calculation, and this was done by assuming that the only impurity in both 
samples of water was carbon dioxide. The uncertainty thus introduced is small, but in view of 
the relatively high magnitude of the solvent’s conductivity in highly dilute solutions these 
measurements must be considered less accurate. Four such determinations gave on extra- 
polation a A, value 0-7% higher than that calculated above, and led (using this value) to 
a mean dissociation constant K = 0-083. The value K = 0-08 is used in the solubility 
calculations. 

Solubility Measuremenis.—The apparatus was similar to that described by Money and 
Davies (J., 1934, 400), and was immersed in a thermostat maintained at 24-93° + 0-01°. The 
results recorded are each the mean of two determinations agreeing to within at least 0-3% ; 
that saturation was actually attained under the conditions of the experiments was ensured by 
passing a portion of the solution through the saturating column a second ‘time. The analyses 
were effected by withdrawing 100 c.c. of the saturated solution in a calibrated pipette, and running 
it into an acid potassium iodide solution; the liberated iodine was titrated by weight against 


c. s. Vv p. a log Mpa--M103". 104A. 
Potassium chloride solutions. 
0 0°810 0-0491 3-1048 + 8 
0001 0°827 00588 3-1132 + 5 
0-002 0°840 0-0670 3-1202 + 3 
00035 0°859 0°0777 3-1297 + 5 
0°005 0°874 0°0871 3-1372 + 1 
0°0075 0-899 0°1008 3-1489 + 6 
0°01 0-918 0°1128 3-1579 0 
0-02 0°985 0°1513 3-1868 + 3 
0°05 1°117 0°2308 35-2383 + 18 
0-1 1-269 0°3220 3-2887 +104 
Potassium nitrate solutions. 
0001 0°826 0°0587 35-1124 — 3 
0-002 0°841 00669 3-1194 — 4 
00035 0°863 00776 3-1291 0 
0°005 0°880 00869 3-1367 —- 3 
0°0075 0906 0°1004 3-1474 — 6 
0°01 0°932 0°1123 3-1582 + 7 
0°02 1-006 0°1506 3-1852 — 10 
0°05 1-156 0°2279 3-2321 — 29 
01 1-361 0°3164 35-2859 + 98 
Potassium perchlorate solutions. 
0-004 0-866 0-0811 3-1333 + 13 
0008845 0-905 0°1074 3-1523 — 14 
0°035 1-045 0°1951 3-2128 — 29 
0°075 1-164 0-2800 3-2568 — 43 
7 Calcium chloride solutions. 
0002061 0-884 0-0937 35-1398 — 26 
0-004961 0°955 0°1328 3-1698 — 34 
0009928 1-046 0-1809 3-2046 — 21 
Potassium chlorate solutions. 
0-005 0°880 
0°01 0°924 
0-02854 1-031 


0-075 1°184 
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an approx. 0-15N-solution thiosulphate solution, 0-01N-iodine solution being used for the back 
titration. The thiosulphate was periodically standardised against potassium iodate. 

The results are shown in the figure (upper curves), and below : col. 1 gives the concentration 
of the solvent salt (in g.-mol./l.), and col. 2 the solubility of the barium iodate in millimol./l. 
If all the salts used are completely dissociated, the results should be in keeping with the limiting 
equation of the Debye—Hiickel theory, viz., log s = log sy + 1-01 /u, where sp is a constant. 
It will be seen from the upper curves of the figure that the results are indeed compatible with the 
theoretical limiting slope, which is shown by a broken line, but that at the higher concentrations 
each solvent salt leads to a separate line; even for ionic strengths much below 0-01, the specific 
deviations are beyond the limits of experimental error. When allowance is made for ionic 
association, the results lead to the lower series of points in the figure, which show } log mgg--m jo, 
plotted against the square root of the corrected ionic strength. The ionic concentrations for 
this purpose were calculated by successive approximations as previously described (J., 1930, 
949, 2410), employing equations of the form log mgm /m,, = log K + aVu— by. K was given 
the following values: KIO,, 2-0; KNO,, 1-4; BaNO,’, 0-12; BalO,*, 0-08; BaCl’, 1-35; 
CalO,", 0-13; these have been previously published except that for BaCl’, which is derived from 
the data given in an earlier paper (Tvans. Faraday Soc., 1930, 26, 593, Table 1), and that for 
CaIO,°, which is obtained from conductivity measurements shortly to be published. a and b 
were both given the value unity for the uni-univalent salts, and the value 2 for the intermediate 
ions of uni-bivalent salts. These empirical values satisfy the conductivity figures, and con- 
siderable alterations in them have no significant effect on the small corrections they are used to 
calculate. Potassium and barium perchlorates, as well as potassium chloride, were assumed 
to be completely dissociated. 

Col. 3 of the foregoing table shows the square root of the corrected ionic strength, col. 4 
gives values of } log mg,-.m*,o,,, and col. 5 gives the difference (A) between these values and those 
calculated from the equation } log mgg-.m*jo, = — 2-9433 + 1-01V nu —yp. This equation is 
in harmony with the Debye—Hiickel limiting law, and except for the calcium chloride results, 
which seem to be affected by a small constant error, the corrected figures are in good agreement 
with this common equation up to an ionic strength of approximately 0-03; an error of 0-:3% 
in the analyses would lead to a value 10‘A = + 10, approximately. At the higher concentra- 
tions, individual differences begin to appear, but it will be evident from the figure that these are 
very much smaller than with the uncorrected results. 

With potassium chlorate as solvent salt the treatment outlined above was impossible, 
as the extent of association between barium and chlorate ions was unknown. A reversal 
of the method of calculation for the two most dilute solutions of potassium chlorate gave an 
approximate value K = 0-2 for the process BaClO,” => Ba™ + ClO,’. 


SUMMARY. 


The solubility of barium iodate monohydrate in a number of aqueous salt solutions at 
25° is reported. Corrections for ionic association remove the specific deviations found in 
dilute solutions, and the results are in agreement with the Debye—Hiickel limiting formula. 
The dissociation constant of the BaIO,’ ion is 0-08, and that of BaClO,’ is approximately 0-2. 


BATTERSEA POLYTECHNIC, S.W. 11. [Received, August 17th, 1935.} 





343. Microvolumetric Determination of Methoxyl. 
By Davip T. Gipson and THomas H. CAULFIELD. 


VieBOcK and ScHwapPpPacH (Ber., 1930, 63, 2818) have shown that Pregl’s methoxyl 
estimation can be effected volumetrically by absorbing the alkyl iodide in a solution of 
bromine, destroying excess of bromine, adding potassium iodide, and titrating the iodine 
liberated, according to the scheme CH,I —-> CH,IBr, —> IBr —> HIO, —> 3I,. Arndt 
and Martius (Amnalen, 1932, 499, 269), who used this method with a series of sulphur 
and nitrogen alkoxy-derivatives, found it very satisfactory with 25—50 mg. of material. 

Viebéck and Brecher (Ber., 1930, 63, 3207) also described a procedure for 1—5 mg- 
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substance, but, in disagreement with them, we find that with such quantities the blank 
given by the absorbing solution is significant and is seriously increased by time, temper- 
ature, dilution with water, and even by illumination. 

After the decomposition, Viebéck washes the absorbing solution into a conical flask 
containing 4—1 g. of dissolved sodium acetate, destroys the excess of bromine with 4 or 
5 drops of formic acid, adds 0-1—0-2 g. of potassium iodide, acidifies the solution with 
sulphuric acid, and titrates it with thiosulphate. He suggests that the presence of undis- 
solved sodium acetate gives rise to bromate formation; but we consider it more likely 
that the discrepancy arises from deficiency of dissolved acetate. Further, we found it 
necessary to use excess of sulphuric acid for the liberation of total iodine. 

We find that a solution of bromine in potassium bromide obviates these difficulties 
and recommend the following modifications. 


An amount of material corresponding to 3—10 c.c. of N/50-thiosulphate should be taken. 
The ‘‘ Verschlussstabchen ”’ should fit tube A as tightly as possible without seizing (cf. Pregl, 
3rd German Edition, p. 199). 

A very small flame within 1 cm. of the flask gives better control of the heating than does a 
glycerol-bath (Viebéck). Heating should be continued for 40 minutes, i.e., 5 minutes after 
bumping begins. 

As little washing solution as possible should be used. A sataiinhiin solution of sodium 
bicarbonate is efficient. 

The absorbing solution should be freshly prepared by adding 6 drops (0-05 c.c.) of bromine 
to 18 c.c. of 20% aqueous potassium bromide. Half of this serves as a blank, and is kept 
beside the absorption tubes during the estimation, being titrated under the same conditions 
at the end. The remaining absorption solution is filled into two absorption tubes (cf. Pregl, 
op. cit., p. 207, Fig. 36), 7-5 c.c. into the first, 1-5 c.c. into the second. The absorption tubes 
and the blank are immersed in ice-water during the estimation. 

When the mete: errygen is complete, the two absorbing solutions are washed into a conical 
flask with 45 c.c. of 25% potassium acetate, and decolorised with 1 c.c. of 85% formic acid. 
2 C.c. of 10% potassium iodide and 25c.c. of 5N-sulphuric acid are added, and the iodine titrated 
with N/50-sodium thiosulphate. The blank, similarly treated, does not exceed 0-10 c.c. 

The following results were obtained : 





OMe, %. OMe, %. 
Wt., ——, Ww —_—_——. 
Substance. mg. Found. Calc. Substance. mg. Found. Calc. 
Vanillin 0-544 20°5 20°4 p-Methoxybenzaldoxime 2°349 20:2 20°5 
0°802 20°2 — 2°845 20°6 a 
1°318 20°2 _ Papaverinol 3°854 34°6 34°9 
2°017 20°3 — p-Methoxybenzylideneaceto- 3°294 12°9 13°0 
2°498 20°4 — henone 
3°100 20°4 — Dibenzoyl p-toluenesulphonyl 4°241 5°61 5°57 
3°216 20°3 — methylglucoside 3°849 5°61 — 
3°592 20°2 — Iododibenzoyl p-toluene- 4°610 5°02 4°55 
4°198 20°3 — sulphonyl methylglucoside 4°613 5°02 — 
4°603 20°2 -—- Tetramethyl a-methyl- 1741 60°9 62-0 
4°693 20°1 — glucoside 
a-Methyl- 3°472 16:2 16°0 
glucoside 3°771 16°1 — 
3°890 16°1 = 


Low results were obtained if (i) only one receiver was used; (ii) the heating lasied less 
than 40 minutes; (iii) the titration was too large. 


The authors thank the Chemical Society for a grant. 


UNIVERSITY OF GLASGOW. [Received, July 9th, 19365.] 
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— 344. Attempts to find New Antimalarials. Part XIV. Derivatives 
of 8-Methylquinoline. 

= By Witiram O. KERMACK and Tuomas W. WIGHT. 

ith WHEN a chloroform solution of 8-methylquinoline is saturated with hydrogen bromide 

is- and treated with one mol. of bromine, a reddish-orange crystalline addition compound 

sly (Miiller, Lang, Disserts., Freiburg, 1897, 1898, quoted by Howitz and Nother, Ber., 1906, 

it 89, 2709) is obtained. This melts at 160° and finally solidifies, with the evolution of hydro- 
gen bromide, yielding a yellow product which is mainly 8-bromomethylquinoline. 

ies When the same method was applied to 6-methoxy-8-methylquinoline, a product was 
obtained which became grey on heating and yielded a base, m. p. 116—117°; this contained 
an inert bromine atom and was proved to be 5-bromo-6-methoxy-8-methylquinoline by the 





synthesis described below. 
gl, When 6-nitro-m-cresol was treated with one mol. of bromine in chloroform solution, 
a mixture of monobromo-derivatives was obtained, from which a homogeneous product, 


M m. p. 145—146°, was isolated. This was 4-bromo-6-nitro-m-cresol, since successive methyl- 
ation, reduction, and application of the Sandmeyer reaction produced 4 : 6-dibromo-m- 
ae tolyl methyl ether, m. p. 73—74°, identical with the compound obtained from 4-nitro-m- 
cresol by the same series of reactions (Lapworth and Haworth, J., 1923, 128, 2995, give 
ne m. p. 75—76°). The 4-bromo-5-methoxy-o-toluidine thus oriented, when subjected to the 
pt Skraup reaction, gave 5-bromo-6-methoxy-8-methylquinoline, m. p. 116—117°, identical 
ns with that mentioned above. 
1, From the residual fraction of the product of bromination of 6-nitro-m-cresol, a substance, 
es m. p. 95—97°, was isolated. This was a mixture of 4- and 2-bromo-6-nitro-m-cresol, since 
the methyl ether prepared from it gave, after reduction and treatment by the Skraup 
al reaction, a product of indefinite melting point, separable into 5-bromo-6-methoxy-8-methyl- 
d. quinoline and an isomeride, which must be 7-bromo-6-methoxy-8-methylquinoline. 
d In view of the failure to obtain 6-methoxy-8-bromomethylquinoline from 6-methoxy- 


8-methylquinoline, the bromination of 6-nitro-8-methylquinoline was examined. The 
method of Miiller and Lang was unsuccessful, but treatment with bromine in boiling mono- 
chloroacetic acid solution yielded a monobromo-derivative. This compound did not 
react with piperidine and similar reagents. The bromine atom is therefore probably not 
in the w-position or position 2 or 4. Positions 5 and 7 are unlikely, not only on account 
of the inhibitory influences of the nitro-group on the entrance of the bromine into these 
positions, but also because a bromine atom ortho to the nitro-group would probably 
react with piperidine and similar reagents. The compound is therefore probably 3-bromo- 
6-nitro-8-methylquinoline. 

After boiling with dilute sulphuric acid, 8-bromomethylquinoline yielded 8-quinolyl- 
methyl alcohol (cf. Howitz and Philipp, Annalen, 1912, 396, 39), from which a satisfactory 
nitration product could not be obtained. However, on nitration, 8-bromomethylquinoline 
yielded a mononitro-derivative, presumably 5-nitro-8-bromomethylquinoline (cf. Howitz 
and Nother, loc. cit.), which when boiled with dilute sulphuric acid yielded 5-mitro-8-quinolyl- 
methyl alcohol. With piperidine in ethereal solution, 5-nitro-8-piperidinomethylquinoline 


was formed. 
“ R-N-CH,°CH,:NEt, Et:N-CH,°CH,'NEt, Me-N-CH,°CH,"NEt, 
CH,N CH, CH, 
OO OF O 
NO, 
(I.) (IT.) (III.) 


It was desired to prepare basic quinoline derivatives (I) somewhat analogous to plas- 
moquin but having a side chain attached to the 8-position of the quinoline nucleus through 
a methylene group. The method of Skraup, although successful in some simple cases 
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(cf. Kermack, Muir, and Wight, this vol., p. 1143), was in general unsatisfactory. -(0- 
Nitrobenzylethylamino)triethylamine (II, R = NO,), prepared from o-nitrobenzylethyl- 
amine and 6$-diefhylaminoethyl chloride, was reduced to $-(o-aminobenzylethylamino)- 
triethylamine (II, R = NH,), from which a crystalline product could not be obtained by 
the Skraup reaction. §-(Benzylethylamino)triethylamine (II, R= H) and 8-(f-nitro- 
benzylmethylamino)triethylamine (III) were prepared from $-diethylaminoethyl chloride 
and the corresponding secondary base. However, as the desired compounds were obtained 
conveniently from 8-bromomethylquinoline, the Skraup process was abandoned. 

8-Diethylaminoethylamine, §-diethylaminoethylmethylamine, (-diethylaminodiethyl- 
amine, §-diethylaminoethylpropylamine, §-diethylaminoethyl-n-butylamine, and -di- 
ethylaminoethylisobutylamine were prepared by treating $-diethylaminoethyl chloride 
with an excess of the corresponding primary amine in alcoholic solution. The yield of the 
secondary base increases with increase in the molecular weight of the amine, the low yield 
of 6-diethylaminoethylmethylamine (and of $-diethylaminoethylamine) being no doubt 
due to a tendency to form the tertiary (or secondary) base. This tendency appears to 
decrease as the alkyl group becomes larger. 

The secondary bases mentioned above condense smoothly with 8-bromomethylquinoline 
to yield compounds (I), conveniently isolated as their hydrobromides.or picrates. In the 
case of the primary base 6-diethylaminoethylamine two compounds were isolated, namely, 
8-(6-diethylaminoethylaminomethyl)quinoline (I, R = H) and bis-(8-quinolylmethyl)-B-di- 
ethylaminoethylamine (IV, R = Ety). 

An analogous series of aliphatic bases was prepared from §-piperidinoethylmethylamine, 
8-piperidinodiethylamine, §-piperidinoethylpropylamine, ($-piperidinoethyl-n-butylamine, 
and §-piperidinoethylisobutylamine. The secondary bases condensed with 8-bromo- 
methylquinoline to yield compounds of type (I), but the only product which could be 
isolated in the case of $-piperidinoethylamine was 1--bis-(8’-quinolylmethyl)aminoethyl- 
piperidine (IV, R = C,H yp). 


Although inactive in bird malaria, these compounds have been found by Professor 
A. J. Clark and Dr. Sinha to possess marked local anesthetic activity, a property also 
possessed by 1: 4-bis-(8’-quinolylmethyl)piperazine (V) and s.-bis-(8-quinolylmethy]l)di- 
methylethylenediamine (VI), formed by condensing 8-bromomethylquinoline with piper- 
azine and s.-dimethylethylenediamine respectively. 


CH, /\ Lay a nt CHE N-CH, vit CH,-CH,: oe 


SOHO Wad _ 


EXPERIMENTAL. 


6-Methoxy-8-methylquinoline—A mixture of ferrous sulphate (2 g.), glycerol (38 g.), 5- 
methoxy-o-toluidine (16-5 g.), arsenic acid (17 g.), and 96% sulphuric acid (36 g.) was boiled 
under reflux for 4 hours and the cooled product was diluted with water, made strongly alkaline, 
and steam-distilled. 6-Methoxy-8-methylquinoline, a light brown oil (9 g.) isolated by means 
of ether, formed a hydrobromide, light yellow plates, m. p. 268° (Found: Br, 31-5. C,,H,,ON,HBr 
requires Br, 31-5%), and a picrate, yellow plates, m. p. 232—-233°, both crystallised from alcohol. 

5-Bromo-6-methoxy-8-methylquinoline.—A solution of 6-methoxy-8-methylquinoline (9 g.) 
in chloroform (30 c.c.) was saturated with dry hydrogen bromide (hydrobromide may separate), 
cooled, and slowly treated with bromine (3 c.c.). After 12 hours the reddish-brown crystalline 
deposit was washed with dry chloroform and heated at 160—170° (oil-bath) for 3 hours, hydrogen 
bromide being evolved. An extract of the light grey product in hot sulphuric acid (20 c.c. each 
of concentrated acid and water) was diluted with water (40 c.c.) and made alkaline. The 
greyish-white 5-bromo-6-methoxy-8-methylquinoline obtained crystallised from light petroleum 
(b. p. 60—80°) in long white rectangular plates (6-2 g.), m. p. 116—117° (Found: Br, 31-9. 
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C,,H,ONBr requires Br, 31-8%), very readily soluble in ether, benzene, alcohol, and mineral 
acid (yielding a solution with a faint blue fluorescence) but only moderately soluble in hot 
ligroin and light petroleum. The hydrobromide crystallised from alcohol in light yellow plates, 
m. p. 230°. 

4-Bromo-6-nitro-m-cresol.—To 6-nitro-m-cresol (40 g.), dissolved in chloroform (140 c.c.) at 
35°, was added bromine (13-6 c.c.) in chloroform (14 c.c.). The mixture was heated at 40—50° 
for 3 hours, the solvent evaporated, and the residue dissolved in hot 2-5N-sodium hydroxide 
(160—180 c.c.). The yellow crystalline sodium salt (A) that separated on cooling was removed, 
the filtrate was acidified, and the cresol obtained was dissolved in hot 3N-sodium hydroxide 
(100 c.c.), yielding a second yellow crystalline salt. The cresol obtained from this on acidification 
was crystallised from much benzene; the first crop of crystals, m. p. 138—140°, gave after two 
or three recrystallisations faintly yellow needles of 4-bromo-6-nitro-m-cresol, m. p. 146° (Found : 
C, 36-3; H, 2-6. C,H,O,NBr requires C, 36-2; H, 2-6%), sparingly soluble in hot ligroin, 
soluble in hot benzene and in dilute potassium hydroxide solution, and very readily soluble 
in cold acetone, ether, alcohol, and dilute sodium hydroxide sdlution. 

4-Bromo-6-nitro-m-tolyl Methyl Ether.—A mixture of 4-bromo-6-nitro-m-cresol (6 g., m. p. 
140°), benzene (40 c.c.), methyl sulphate (4 c.c.), and anhydrous potassium carbonate (4 g.) was 
refluxed for 18 hours, the filtered solution evaporated, and the residue treated with dilute 
sodium hydroxide solution. The product was washed with water, dried in a vacuum, and 
recrystallised from light petroleum, forming white needles (3-4 g.), m. p. 110—111° (Found: 
Br, 32-6. C,H,O,NBr requires Br, 32-6%). 

4-Bromo-5-methoxy-o-toluidine.—The preceding ether (4-4 g.) was reduced in methylated spirit 
(40 c.c.) and concentrated hydrochloric acid (2 c.c.) with iron filings (3 g.) (West, J., 1925, 127, 
494). The neutralised filtered solution was evaporated to dryness, and a solution of the residue 
in dilute acid was shaken with ether to remove unchanged nitro-compound, basified, and ex- 
tracted with ether. This removed 4-bromo-5-methoxy-o-toluidine, which crystallised from light 
petroleum (b. p. 60—80°) in light pink needles (3 g.), m. p. 79—80° (Found: Br, 36-9. 
C,H,,ONBr requires Br, 37-0%). 

4 : 6-Dibromo-m-iolyl Methyl Ethey.—The preceding base (1-5 g.) in concentrated hydro- 
chloric acid (1-5 c.c.) and water (0-9 c.c.) was diazotised (sodium nitrite, 0-6 g.), the solution 
added to a solution of cuprous bromide (copper sulphate, 1-8 g.; potassium bromide, 0-9 g.; 
sulphur dioxide in hydrobromic acid, 3 c.c., d 1-49), and the mixture poured into water. Steam- 
distillation removed 4 : 6-dibromo-m-tolyl methyl ether, which crystallised from light petroleum 
in colourless rectangular plates, m. p. 73—74° (Found: Br, 57-3. Calc. for C,H,OBr,: Br, 
57-56%). 

6-Bromo-4-nitro-m-tolyl Methyl Ether.—6-Bromo-4-nitro-m-cresol was methylated by the 
modified method of Lapworth and Haworth described above. As, however, the sodium salt 
of the cresol was very sparingly soluble in water, it was necessary to extract the product with 
hot ligroin after the treatment with sodium hydroxide solution; yield, 90%. Recrystallised 
from ligroin, the ether formed white needles, m. p. 113—115° (Found: C, 38-8; H, 3-3. 
C,H,O,NBr requires C, 39-0; H, 3-4%). Its reduction gave a 90% yield of 2-bromo-5-methoxy- 
p-toluidine, which crystallised from light petroleum in fern-shaped masses of needle-like rods, 
m. p. 71—73° (Found: Br, 37-3. C,H,sONBr requires Br, 37-0%). This base formed an 
acetyl derivative, white needles, m. p. 130—133°, from water (Found: C, 46-2; H, 4-7. 
C.oH,,0,NBr requires C, 46-5; H, 4-6%), and gave 4: 6-dibromo-m-tolyl methyl ether when 
subjected to the Sandmeyer reaction. 

Conversion of 4-Bromo-5-methoxy-o-toluidine into 6-Bromo-6-methoxy-8-methylquinoline.— 
A mixture of ferrous sulphate (0-4 g.), glycerol (8-4 g.), 4-bromo-5-methoxy-o-toluidine (6 g.), 
arsenic acid (4 g.), and 96% sulphuric acid (8 g.) was refluxed for 40 minutes and poured into 
water (500 c.c.). After 12 hours the liquid was filtered and made alkaline. The resulting 
precipitate was extracted with boiling alcohol, which removed 5-bromo-6-methoxy-8-methyl- 
quinoline, m. p. 116—117° after recrystallisation from light petroleum. 

7-Bromo-6-methoxy-8-methylquinoline.—The mixture of bromo-6-nitro-m-cresols, m. p. 95— 
97°, obtained from the sodium salt A (above) gave on methylation a mixture of ethers (colourless 
rectangular plates, m. p. 63—65°, from light petroleum. Found: Br, 32-6%), and this furnished 
on reduction a mixture of bases (purplish needles, m. p. 52—54°, from light petroleum. Found : 
Br, 37-3%), a portion of which was converted by the Sandmeyer reaction into a small quantity 
of 4: 6-dibromo-m-tolyl methyl ether, m. p. 73—74°, and an oil, presumably containing 2 : 6- 
dibromo-m-tolyl methyl ether. The mixed bases (6 g.) were submitted to the Skraup reaction 
under conditions similar to those employed for 4-bromo-5-methoxy-o-toluidine, boiling being 
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continued for 4 hours. The residue remaining after evaporation of the alcoholic extract was 
recrystallised from light petroleum, yielding a product, m. p. 100—110°. Solution of this 
in acetone and addition of an equal volume of alcohol saturated with hydrogen bromide pre- 
cipitated a white hydrobromide. The base obtained from this salt by treatment with hot dilute 
sodium hydroxide solution was crystallised several times from light petroleum (b. p. 60—80°), 
giving white rectangular prisms, m. p. 134—135°, of 7-bromo-6-methoxy-8-methylquinoline 
(Found : C, 52-6; H, 4:2; N, 5-4; Br, 31-6. C,,H,gONBr requires C, 52-4; H, 4-0; N, 5-6; Br, 
31-7%). 

Evaporation of the acetone-alcoholic filtrate and re-treatment of the recovered bases in 
the same way furnished a further small quantity of the insoluble hydrobromide. The final 
acetone-alcoholic filtrate, evaporated to dryness, yielded a yellow crystalline salt, from which 
5-bromo-6-methoxy-8-methylquinoline, m. p. 116—117° after several recrystallisations from light 
petroleum, was obtained. 

3-Bromo-6-nitro-8-methylquinoline.—6-Nitro-8-methylquinoline (5 g.) was dissolved in hot 
monochloroacetic acid (40 g.), bromine (2-5 c.c.) added slowly, and the whole refluxed for 15 
minutes. 2N-Hydrochloric acid (200 c.c.) was added, the whole boiled for a few minutes, and 
the residue again extracted with 2N-hydrochloric acid. The crystalline deposit which separated 
from the cooled filtrates was recrystallised from benzene, forming light yellow needles (4 g.), 
m. p. 188—189° (Found: Br, 30-2. C,,H,O,N,Br requires Br, 30-0%), slightly soluble in 
light petroleum, alcohol, ether, and ligroin, soluble in acetone and benzene, but insoluble in 
water and cold dilute mineral acids. 

8-Quinolylmethyl Alcohol.—N-Sulphuric acid (20 c.c.) was refluxed over-night with 8-bromo- 
methylquinoline (2 g.), cooled, and neutralised with sodium carbonate solution. The solid 
obtained was washed with water and dried ; it crystallised from light petroleum in white needles, 
m. p. 75—76° (Found: C, 75-7; H, 5-8. C,H,ON requires C, 75-5; H, 5-6%). 

5-Nitro-8-quinolylmethyl alcohol, similarly obtained from 5-nitro-8-bromomethylquinoline, 
crystallised from alcohol in light brown, minute needles, m. p. 148—149° (Found: C, 59-0; 
H, 4:1. C,,H,O,N, requires C, 58-8; H, 3-9%). 

5-Nitro-8-piperidinomethylquinoline.—5-Nitro-8-bromomethylquinoline (2 g.) was added 
slowly to piperidine (1-6 g.) in ether (50 c.c.). The yellow solution was refluxed for 3 hours, 
cooled, washed with dilute sodium carbonate solution and with water, dried (potassium carbonate), 
and evaporated. The residual oil was converted into the hydrobromide, which formed light brown, 
rectangular plates, m. p. 248—249°, from alcohol (Found: Br, 22-8. C,,H,,O,N;,HBr requires 
Br, 22-7%). 

B-(0-Nitrobenzylethylamino)triethylamine (II; R = NO,).—A mixture of o-nitrobenzyl- 
ethylamine (15 g.), benzene (50 c.c.), §-diethylaminoethyl chloride hydrochloride (15 g.), 
anhydrous potassium carbonate (15 g.), and a trace of copper-bronze was refluxed for 4 hours, 
the liquid filtered, the residue washed with hot dry benzene, and the filtrate and washings 
saturated with dry hydrogen chloride. The sticky mass obtained was boiled with acetone 
(200 c.c.), the insoluble o-nitrobenzylethylamine hydrochloride washed with a small quantity 
of hot acetone, and the filtrate and washings evaporated to dryness. The crude oily §-(o-nitro- 
benzylethylamino)triethylamine was extracted with ether and converted into its picrate, which 
was twice boiled with alcohol and crystallised from much hot water, forming light yellow needles 
(15 g.), m. p. 167—168° (Found: N, 17-2. C,,H;,0,,N, requires N, 17-1%). The yield of the 
base recovered from the picrate was 6-5 g. 

B-(0-A minobenzylethylamino) triethylamine.—The preceding nitro-compound (6 g.) in boiling 
methylated spirit (20 c.c.) and concentrated hydrochloric acid (6 c.c.) was reduced with iron 
filings (4 g.), added in 1 g.-portions during 15 minutes. After refluxing for 2 hours, the solution 
was neutralised with alcoholic caustic soda, filtered, and evaporated; the residue was treated 
with dilute alkali solution and extracted with ether. The base recovered from the ether formed 
a picrate which, recrystallised several times from alcohol, yielded light yellow plates, m. p. 134° 
(Found: C, 52-2; H, 7-5. C,,H,,0,,N, requires C, 52-7; H, 7-3%). 

8-(Benzylethylamino)triethylamine (II; R = H).—Benzylethylamine (15 g.) and 8-diethy]l- 
aminoethyl] chloride hydrochloride (15 g.) were condensed in similar manner to the above, and 
the product converted into hydrochloride. This crystallised from acetone in colourless feathery 
plates, m. p. 180—185°, but as analysis indicated a percentage of chlorine intermediate between 
those required of the mono- and the di-hydrochloride, the substance was converted into a 
picrate, which crystallised from alcohol in small yellow plates, m. p. 150—152° (Found: N, 
16-1. Cy,H s,0,,N, requires N, 16-2%). 

8-(p-Nitrobenzylmethylamino)triethylamine (III) was prepared from p-nitrobenzylmethy]l- 
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amine (4 g.) and §-diethylaminoethyl chloride (3-4 g.) as in the case of the above o-nitro-com- 
pound and converted into the picrate, which crystallised from alcohol in small yellow plates, 
m. p. 195—197° (Found: N, 17-3. Cy gH, O,¢N, requires N, 17-4%). 

8-Diethylaminoethylpropylamine.—n-Propylamine (8 g.) was dissolved in alcohol (24 c.c.), 
and §-diethylaminoethyl chloride hydrochloride (8 g.) added slowly. After addition of anhy- 
drous potassium carbonate (3—4 g.) the whole was refluxed for 2 hours, the solution diluted 
with water and made strongly alkaline, and the oil extracted in ether, dried (potassium car- 
bonate), and distilled. The fraction, b. p. 184—200° (yield, 60%), gave a monopicrate, which 
crystallised from alcohol in yellow rectangular plates, m. p. 133—135° (Found: N, 18-2. 
C,;H,,0,N, requires N, 18-1%). 

8-Diethylaminoethyl-n-butylamine was similarly prepared from n-butylamine (8 g.) and 
8-diethylaminoethy] chloride hydrochloride (8 g.)._ The fraction, b. p. 207—-212° (yield, 70%), 
gave a dipicrate, yellow plates, m. p. 234°, from alcohol and acetone (Found: C, 42-0; H, 4-8. 
CygHy,0,4N, requires C, 41-9; H, 4-8%). 

8-Diethylaminoethylisobutylamine was prepared from isobutylamine (8 g.) and #-diethyl- 
aminoethyl chloride hydrochloride (8 g.). The fraction, b. p. 194—200° (yield, 70%), gave 
a dipicrate, yellow rods, m. p. 141°, from alcohol and acetone (Found: C, 42-2; H, 48%). 

8-Diethylaminodiethylamine (cf. B.P. 310,074), prepared from §-diethylaminoethy] chloride 
hydrochloride (6 g.) and 33% ethylamine (14 c.c.) in 50% yield, formed a mono- and a di-picrate, 
crystallising from alcohol in light yellow needles, m. p. 139—140°, and yellow plates, m. p. 150— 
151°, respectively. 

8-Diethylaminoethylmethylamine (cf. B.P. 269,615) was prepared from 8-diethylamino- 
ethyl chloride hydrochloride (6 g.) and alcoholic methylamine (15 g. of 33%). The fraction, 
b. p. 157—160° (yield, 40%), was collected. 

8-Diethylaminoethylamine (cf. Ristenpart, Ber., 1896, 29, 2526) was prepared from 6-di- 
ethylaminoethyl chloride hydrochloride (8 g.), aqueous ammonia (25 c.c., d 0-880) and alcohol 
(25 c.c.) by refluxing for 2 hours; the fraction, b. p. 145—155°, was retained. 

8-Piperidinoethyl chloride hydrochloride, white needles from alcohol, m. p. 228—230°, 
was prepared from 8-piperidinoethy] alcohol by the method of Gough and King (J., 1928, 2436). 

The following piperidino-compounds were prepared similarly to the analogous diethylamino- 
compounds. The dipicrates all crystallised in yellow plates from alcohol and acetone. 8- 
Piperidinoethylpropylamine, b. p. 220—230°; yield, 60% (dipicrate, m. p. 169°. Found: 
C, 42-3; H, 4-5. C,.H,,0,,N, requires C, 42-0; H, 4-5%). 8-Piperidino-n-butylamine, b. p. 
230—240°; yield, 70% (dipicrate, m. p. 191—192°. Found: C, 43-1; H, 4:8. C,,H,,0,,N, 
requires C, 43-0; H, 4-7%). 8-Piperidinoisobutylamine, b. p. 230—240°; yield, 70% (dipicrate, 
m. p. 167—168°. Found: C, 43-3; H,4-8%). 8-Piperidinoethylmethylamine, b. p. 180—200° ; 
yield, 45% (dipicrate, m. p. 174°. Found: C, 40-2; H, 4:0. C,,H,,0,,N, requires C, 40-0; 
H, 40%). §-Piperidinodiethylamine, b. p. 200—210°; yield, 55% (dipicrate, m. p. 154°. 
Found: C, 41-2; H, 4:4. C,,;H,,0,4N, requires C, 41-0; H, 4-2%). 

s.-Dimethylethylenediamine.—Ethylene dibromide (9-0 g.) was added slowly to aqueous 
methylamine (40 c.c. of 21% soln.) in alcohol (40 c.c.) and refluxed for 2 hours. The base was 
extracted in the usual way and distilled; the fraction, b. p. 150—160° (yield, 50%), gave a 
picrate, which crystallised from alcohol and acetone in rectangular piates, m. p. 160° (Found : 
C, 38-1; H, 4-7. C,)9H,,0,N, requires C, 37-9; H, 4:7%). 

8-(8-Diethylaminoethylmethylaminomethyl)quinoline (I; R = Me).—Diethylaminoethyl- 
methylamine (1-3 g.) was dissolved in benzene (10 c.c.), and 8-bromomethylquinoline (2 g.) 
added slowly ; after addition of anhydrous potassium carbonate (2 g.), the mixture was refluxed 
for 2 hours and extracted with dilute hydrochloric acid. The extract was basified and the oil 
that separated was extracted in ether, dried (potassium carbonate), recovered, and dissolved 
in alcohol; addition of alcoholic hydrogen bromide precipitated the ¢trihydrobromide, 
which crystallised from alcohol in small white plates, m. p. 215—216° (Found: Br, 46-3. 
C,,H,;N;,3HBr requires Br, 46-7%). 

By condensation of 8-bromomethylquinoline with the corresponding secondary amines, 
bases were obtained (as the following salts). 8-(8-Diethylaminodiethylaminomethyl)quinoline 
trihydrobromide, white plates, m. p. 218—219°, from alcohol (Found: Br, 45-6. C,,H,,N;,3HBr 
requires Br, 45-4%); picrate, yellow plates, m. p. 131—132°, from alcohol (Found: N, 15-9. 
CyH,O,N, requires N, 16-3%). 8-(8-Diethylaminoethylpropylaminomethyl)quinoline mono- 
picrate, light yellow plates, m. p. 113—115°, from alcohol (Found : C, 56-8; H, 6-1. C,,;H,;,0,N, 
requires C, 56-8; H, 6-1%); dipicrate, deep yellow plates, m. p. 163—164°, from acetone and 
alcohol (Found: C, 49-0; H, 4:5. ©,,H;,0,,N, requires C, 49-1; H, 46%). 8-(8-Diethyl- 
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aminoethyl-n-butylaminomethyl)quinoline dipicrate, yellow rectangular prisms, m. p. 178—180°, 
from acetone and alcohol (Found: C, 50-1; H, 4-9. C,,H,,0,,N, requires C, 49-9; H, 48%). 
8-(8-Diethylaminoethylisobutylaminomethyl)quinoline dipicrate, deep yellow, rectangular prisms, 
m. p. 169—171°, from acetone and alcohol (Found: C, 50-0; H, 4:8%). 8-(8-Piperidinoethyl- 
propylaminomethyl)quinoline trihydrobromide, small white plates, m. p. 210°, from alcohol 
(Found: Br, 43-1. C,H,,N;,3HBr requires Br, 43-3%). 8-(8-Piperidinoethyl-n-butylamino- 
methyl)quinoline trihydrobromide, as small white plates, m. p.211—212°, from alcohol (Found: Br, 
42-2. C,,H;,N;,3HBr requires Br, 42-3%). 8-(8-Piperidinoethylisobutylaminomethyl) quinoline 
dipicrate, small yellow plates, m. p. 210—211°, from acetone and alcohol (Found: C, 50-8; 
H, 4-7. (C33H,,0,,N, requires C, 50-6; H, 4:7%). 8-(8-Piperidinoethylmethylaminomethyl)- 
quinoline dipicrate, yellow plates, m. p. 205—206°, from acetone and alcohol (Found: C, 48-8; 
H, 4:2. C,,H;,0,,N, requires C, 48-6; H, 4:-2%). 8-(8-Piperidinodiethylaminomethyl) quinoline 
trithydrobromide, small white plates, m. p. 222°, from alcohol (Found: Br, 44:3. C, ,H,,N;,3HBr 
requires Br, 44.4%). s.-Bis-(8-quinolylmethyl)dimethylethylenediamine dihydrobromide (as V1), 
small white plates, m. p. 232°, from alcohol (Found: Br, 29-9. C,,H,,N,,2HBr requires Br, 
30-1%). 

Bis-(8-quinolylmethyl)-B-diethylaminoethylamine (IV; R= Et,) was similarly obtained 
from §-diethylaminoethylamine (3 g.), benzene (10 c.c.), 8-bromomethylquinoline (3 g.), and 
anhydrous potassium carbonate (3 g.); the oil obtained from the ethereal extract quickly solidi- 
fied and then crystallised from light petroleum (b. p. 60—80°) in white needles, m. p. 97—98° 
(Found: C, 78-0; H, 7-5. CygH3,N, requires C, 78-4; H, 7-5%). The picrate crystallised 
from alcohol in yellow plates, m. p. 191°. 

8-(8-Diethylaminoethylaminomethyl)quinoline (I; KR = H).—The mother-liquor from the 
first treatment with light petroleum in the above experiment was evaporated to dryness, the 
residual oil dissolved in alcohol, and alcoholic hydrogen bromide added. The trihydrobromide 
which separated crystallised from alcohol in long white prisms, m. p. 223—224° (Found: Br, 
47-9. C,,H,,N;,3HBr requires Br, 48-0%). 

1-8-Bis-(8’-quinolylmethyl)aminoethylpiperidine (IV; R = C,H,,.).—-Piperidinoethylamine 
(Kermack and Smith, J., 1931, 3098) (2 g.) was dissolved in alcohol (6 c.c.), 8-bromomethyl- 
quinoline (2 g.) added slowly, and the mixture refluxed for 2 hours, diluted with water, made 
alkaline with ammonia, and kept over-night. The sticky brown solid obtained crystallised 
from aqueous alcohol in white rhombic prisms, m. p. 97—98° (Found: C, 78-9; H, 7-3. 
C,,H,,N, requires C, 79-0; H, 7-3%). The picrate formed pale yellow needles, m. p. 228—229° 
from a large volume of alcohol. 

1 : 4-Bis-(8’-quinolylmethyl)piperazine (V).—8-Bromomethylquinoline (2 g.) and piperazine 
hexahydrate (2 g.) were heated under reflux at 130—140° for 2 hours. The brown mass was 
extracted with hot dilute hydrochloric acid, and the extract made faintly alkaline with sodium 
carbonate solution. The oil formed gradually solidified and then crystallised from a little hot 
alcohol in light brown plates, m. p. 153—154° (Found : C, 76-6; H, 6-4; N, 14-6. C,,H,,N,,}H,O 
requires C, 76-4; H, 6-6; N, 149%). The hydrobromide crystallised from alcohol in white 
plates, m. p. 265—267°. 
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345. The Ignition of Gases. Part IX. Ignition by a Heated Surface. 
Mixtures of Methane and Air at Reduced Pressures. 


By C. A. NayLor and R. V. WHEELER. 


THE ignition of mixtures of methane with oxygen and nitrogen, argon, or helium, at atmo- 
spheric pressure, was discussed in a previous paper (J., 1931, 2456), and the conclusion 
was reached, from the experiments recorded, that at temperatures leading to ignition the 
oxidation of methane is a thermal reaction catalysed by the products of an initial slow 
and flameless combustion. This conclusion is now supported by observations on the 
ignition of methane-air mixtures at reduced pressures; it is not necessarily in conflict 
with the views of those who, experimenting with methane-oxygen mixtures at lower 
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temperatures, have explained the results as being due to a chain mechanism. In the pre- 
sent work, the reactions are not isothermal, for a notable self-heating towards the end of 
the period of “ lag ’’ is proved by a much greater rise in pressure than that due to the change 
in the number of molecules present. 

Neumann and Serbinov (J. Physical Chem., U.S.S.R., 1933, 4, 41) found three limits 
of pressure for the ignition of methane-oxygen mixtures containing from 2-9 to 35-5% 
of methane. With more methane, the limits rapidly became less distinct until with the 
mixture CH, + 1-70, (37% of methane) they merged into one. The lags on ignition, 
at a constant temperature, decreased as the proportion of oxygen in the mixture was 
increased up to 90—95%, but on further addition of oxygen the lag began to increase. 

Similar results have been obtained by us with methane-air mixtures at the high- 
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pressure limits (the “‘ upper ” and the “ third ” as described by Neumann and Serbinov), 
but we could not readily determine the low-pressure limit because of difficulty in observing 
an ignition at low pressures in the apparatus used. Fig. 1 shows that there is a tendency 
for the ignition temperature to increase as the methane content of the mixture is increased. 
Fig. 2 shows that the variation of the ignition temperature with pressure is not uniform ; 
with mixtures containing more than 10-7% of methane the ignition temperatures decrease 
progressively as the pressure is increased, but with mixtures containing less than this amount 
of methane two pressure limits for ignition are found. The mixture at which the pressure 
limits merge contains CH, + 1-740, + 6-58N, and its CH,/O, ratio is the same as that at 
which Neumann and Serbinov (Joc. cit.) found the limits to merge when no nitrogen was 
present. 

Semenov (Z. physikal. Chem., 1929, B, 2, 161) adduced a relationship, log P = A/T + B, 
between ignition temperature and pressure, applicable to both chain and thermal reactions 
and to the upper and lower pressure limits of ignition; and he and others have found that 
this formula holds for a number of reactions. Graphs of our results with mixtures containing 
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more than 10-7°% of methane show that the relationship does not apply to methane-air 
mixtures, and a graph of Neumann and Serbinov’s figures for the mixture CH, + O, 
is not nearly a straight line. Coward (J., 1934, 1405), also, has demonstrated that for the 
“rapid ” ignition points of hydrogen or carbon monoxide in air or in oxygen, as measured 
by the ‘“‘ concentric tube ” method of experiment, the relationship between the logarithm 
of the pressure and the inverse absolute temperature, although rectilinear over a certain 
pressure range, changes when a particular pressure is exceeded. 

In view of a further study of the oxidation of methane which we are now making, 
we do not wish to attempt a complete explanation of the results here recorded, but suggest a 
tentative one based on change in the type of reaction, from surface to gas phase, and on the 
rate at which different mixtures become non-inflammable as a result of pre-flame combus- 
tion. From experiments with methane-air mixtures containing an inhibitor which 
poisoned the surface of the reaction vessel (J., 1931, 2467), we may conclude that most 
of the initial chemical change at normal pressure, in the absence of the inhibitor, takes 
place at the surface, so that at reduced pressures, when the reaction tends to leave the 
surface, either a longer time or a higher temperature is required to bring about ignition. 
Mixtures with air near that containing methane and oxygen in combining proportion 
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inflame at lower temperatures when the pressure is reduced because the reaction, although 
initially extremely slow, accelerates in a mixture that still contains a high proportion 
of reactive constituents. Outside this narrow range of mixtures, higher temperatures 
are required to cause ignition as the pressure is reduced, because the mixtures tend to become 


non-inflammable, as a result of pre-flame combustion, before the reaction accelerates 
sufficiently to produce flame. 


EXPERIMENTAL. 


The apparatus described in Part VII of this research (J., 1931, 2459) was modified so that 
the gas mixture could be introduced into the quartz vessel (50 c.c. capacity) at any desired pres- 
sure. One end of the reaction vessel, A (Fig. 3), was connected through a three-way tap to a 
““Hyvac ” rotary oil pump and to a glass globe, C, to which a mercury manometer was attached ; 
the other end was connected to a T-tap which communicated with either a mercury manometer, 
D, or a recording manometer. 

When an experiment was carried out, the temperature of the furnace was adjusted with the 
reaction vessel filled with nitrogen. The gas mixture was then introduced into the glass globe, 
C, at the necessary pressure, and the manometer, D, was set to the pressure which would be 
attained by the mixture when it entered the reaction vessel. After evacuation of the nitrogen 
from the reaction vessel the mixture was allowed to enter rapidly. The progress of the reaction 
(and ignition if it occurred) was observed on the manometer D. 
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Ignition Temperatures.—The ignition temperatures recorded in Table I and plotted in Fig. 
1 were obtained, as just described, for chosen pressures. Fig. 2 was drawn from readings 
on Fig. 1, but many points on the curves of Fig. 2 were checked by a different method of ex- 
periment : after the gas mixture had been admitted to the furnace at a temperature and pressure 
such as that represented, e.g., by point X in Fig. 2 for a 9-0% mixture, the pressure was altered 
whilst the temperature remained constant. Ignition occurred when the limiting pressure was 
reached, provided that the experiment was carried out within the period of lag. The curves in 
Figs. 1 and 2 were established by repeated confirmation. 


TABLE I, 


Relative ignition temperatures of methane—air mixtures. 








Pressure, mm. Pressure, mm. 

CH,, °o. 760. 607. 520. 435. 342. 263 CH,,%. 760. 607. 520. 435. 342. 
12-50 707° — — — — — 8:00 — 681° 680° 681° 681° 
12°35 — 739° 750° 764° 776° — 7°95 677° — — — — 
11°35 695 — — — — — 7°40 — 678 679 678 676 
10°65 “= 713 718 721 722 — 710 672 —- — -— — 
10°10 687 —- — —- —- —~ 7:00 — 676 675 677 673 
10°00 — 704 702 701 695 — 6°50 — 675 676 676 674 

9°15 682 692 689 685 676 669° 6°20 671 — — — — 
9°10 683 —_ — — — — 5°85 — 676 677 674 673 
8°70 — 682 681 679 673 a 5°35 671 — — —_ — 


The time for the reactions to be completed may be seen from Fig. 4, which shows the lags 
at the ignition temperatures for the range of methane—air mixtures used. The longest lag 
recorded during this research was 133 secs. 





at the ignition temperature of a 9-15% Fic. 4. 
methane-air mixture at a pressure of 263 70 I I I T I 
mm. 

The Lag on Ignition.—At any one temper- 342 mm. 


ature above the ignition temperature, the 60 


lag on ignition becomes shorter as the per- 
centage of methane in the mixture is de- 
creased. Since the lag measures the time 
required for the reaction to attain a certain 


3 


velocity, itis evident that the rateis governed « 40 
mainly by the concentration of oxygen in 

the mixture. The lag increases as the pres- j 
sure is lowered, but at each pressure the form $530 
of the curve relating lag with temperature is S$ 


the same. 
Neumann and Egorov (J. Physical Chem., 20 

U.S.S.R., 1932, 3, 61) have shown that the 

relationship between temperature, pressure, 

and lag in their experiments may be ex- 10 

pressed by the formula P*10-4/7.1= K 

(where P = pressure; += lag; A is an 

energy term and, together with m, is constant 0 | 4 | + + > 

and characteristic of the combustion process). j SMethone te air. 7 

According to Neumann and Serbinov (loc. ere 

cit.) this relationship holds for mixtures of methane and oxygen containing between 3 and 

50% of methane, but we find that it is not true for mixtures of methane and air. This may be 

seen from the following values of A /n and n, obtained from our results : 














Average value of ” 


CH, %. A |n (r = 10 secs.). at the lower pressures. 
10-00 7-000 1°8 
9-20 7-000 18 
8-00 6°500 1°65 
7-00 6500 14 
5°85 7-000 13 
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Graphs of log P against 1/T (for various constant values of t) show that the magnitude of 
A/m for a given mixture changes with the value of t, whilst graphs of log P against log + (for 
various constant values of 7), which give different values for ” at different temperatures, are 
composed of two intersecting straight lines. The point of intersection on the curves occurs 
at pressures between 500 and 600mm. At this point there is probably a change in the mechanism 
of the reaction. We have already shown (/oc. cit.) that the magnitude of E, obtained by use of 
the Arrhenius equation, changes with the composition of the mixture and with the temperature. 

The values of the lags for a number of mixtures, at different pressures and at temperatures 
up to 50° above their ignition temperatures, are recorded in Table II. 


TABLE II. 


The Lags on Ignition of Methane—Air Mixtures at Temperatures Higher than their Ignition 
Temperatures. 


Lag, seconds, at : 





Pressure, 
CH,, %. mm. 
5°85 760 
607 
520 
435 
342 


760 
607 
520 
435 
342 


760 
607 
520 
435 
342 


760 
607 
520 
435 
342 
760 
607 
520 
435 
342 


This work forms part of researches being carried out for the Safety in Mines Research Board, 
to whom our thanks are due for permission to publish this paper. 


eo 
38 
ad 
oOo 
be 
or 
~] 
~~ 
3] 
° 


— 

oe 

ot ih 02 by by 
Orbs O10 © 


onsen 
oe 
bl td 


— 
— 


Ll td 


— 
PORN Hw mees OMe Tm ee ITED 


noe ee 
1 OOAnNg 2 OS 
CS ROW DOSNS 
— 
Dr WOU Hr ATO Oo C200 DROS OA OTROS © DOr oo 
OMSOIWS AWSASS SAUNAS ASKS Conese 
ROWKA AWBSHE SAISGHE G@AUGHe SHOE 


oe e 
DASA WR OE Pew ASw 


«1 


LITT 
oo bo bo 
62 De | 
Soon 
— i 
OARS CPOE SCSIS6H HIMES 
_— i he 
_— 
ae 


to 
} | ae 
asco 

AIAN BAISK A WE SSe 


PAROS Om EDtD wT Ooty 


AIWIOH OHO THOR WORM HOA 
— 
? 
tb 


AAAAA CAWSS WORG18 WHOwOeD QRaASA 


bl td 
Ll It 
oe 
—_— 

_ 


35-6 


SAFETY IN MINES RESEARCH STATION, BUXTON. (Received, July 2nd, 1935.] 





346. The Nitrates of Neodymium and Praseodymium, and their 
Solubilities in Water. 


By J. NEWTON FRIEND. 


THE present research was undertaken in order to ascertain whether or not the differences in 
the solubilities of the nitrates of the rare-earth elements of the cerium group are sufficiently 
great to enable the salts to be used for the separation of the elements by fractional crystallis- 
ation. The suggestion has been made (Feit and Przibylla, Z. anorg. Chem., 1905, 48, 
205) that lanthanum can be removed from praseodymium in this way, the praseodymium 
nitrate crystallising in the head fractions, but no data appear to exist as to the solubility 
of this salt in water. 

It has already been shown (Friend, this vol., p. 824) that the lanthanum salt exists in 
two forms; this appears to be the case for the neodymium salt also, the transition point 
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lying near 22°, Attempts to locate it dilatometrically were not successful. Owing to 
lack of material, it was not possible to.ascertain if praseodymium nitrate can likewise exist 
in two forms; it was necessary repeatedly to work up the residues and prepare fresh 
batches of salt. The results for the nitrates of neodymium and praseodymium are shown 
in the figure. Those for lanthanum (loc. cit.) lie intermediately; they are clearly too close 
to offer a good method of separation in neutral solution. 


Neodymium nitrate was prepared by dissolution of the oxide in dilute acid. The filtered 
solution, after concentration on the water-bath, was seeded on the first occasion with the lan- 
thanum salt. The crystals melted at approx. 67-5°. The apparatus used in determining the 
solubilities has already been described (Friend, J., 1930, 1633). The solubilities are calculated 
from the neodymia contents of the solutions, this being deemed most accurate as the pure 
crystals used in preparing the solutions do not undergo perceptible hydrolysis. The saturated 
solution was diluted to 250 c.c., and the neodymia estimated by precipitation from 50 c.c. with 
excess oxalic acid and ignition to oxide. Asacheck, a further 50 c.c. were evaporated to dryness 


Mp.ca.56° Myp.ca.675° 


33 


100g. of solution. 
_ s 


8 





G. of anhydrous nitrate per 





30° 
Temperature. 
in a platinum dish and ignited to oxide. The latter method gave slightly higher results, as the 


following data show, possibly on account of the slight solubility of the oxalate but more probably 
because of traces of soluble impurity which the latter process would fail to remove. 


Nd,O, (from oxalate), % 0°3582 
Nd,O, (direct ignition), % 0°4071 03623 
The solubilities, S, were therefore calculated from the results obtained by precipitation. 
They are expressed as g. of anhydrous salt per 100 g. of solution, and are shown in the fig. Only 
a single determination of the solubility of this salt in water appears to have been published, viz., 
60-46 g. of Nd(NO,), at 25° (James and Robinson, J. Amer. Chem. Soc., 1913, 35, 754), a result 
that agrees with the present data for the a-salt (see fig.). 


Solid phase ; a-Nd(NO,);,6H,O. 
13°2° 18°2° * 23°0° * 25°0° Tt 26°2° * 
57°37 58°03 59°59 60°46 60°69 


Solid phase: B-Nd(NO;);,6H,O. 
27°2° 29°4° 37°2° 42°4° 50°0° 57:2°* 66:2°* 67°5°f 
59°17 59°18 60°95 61°91 64°86 67:00 73°13 75°34 

* Analysis of solid phase in saturation bottle showed it to be Nd(NO,),,6H,O. 

| ma and Robinson, /oc. cit. 

elting point. 

Praseodymium nitrate was prepared by dissolving Hilger’s Pr,O,, in diluted acid and seeding 
the concentrated solution with the pentahydrate, Bi(NO,);,5H,O, whereupon a crop of the 
hexahydrate, Pr(NO,)3,6H,O, was obtained. If the explanation offered (Friend, this vol., p. 824) 
for a similar anomalous result with the lanthanum salt is accepted, it would appear that praseo- 
dymium nitrate is also isodimorphous with the bismuth salt and thus resembles the nitrates of 
lanthanum and neodymium (Bodman, Z. anorg. Chem., 1901, 27, 254). The crystals melted at 
approximately 56°. The solubilities given below were calculated from the amounts of Pr,O,, 
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obtained by precipitation of the oxalate and ignition in a platinum crucible. They are expressed 
as g. of anhydrous salt per 100 g. of solution and are also shown in the figure. 
Solid phase: Pr(NO;);,6H,O. 
15°8° 22°0° 30°4° 43°0° 
59°32 60°18 61°94 65-00 
* Melting point. 


The author thanks the Chemical Society for a grant. 
THE TECHNICAL COLLEGE, BIRMINGHAM. [Received, August 13th, 1935.] 





347. A Cryoscopic Study of Trichloroacetic Acid and its Hydrate 
in Benzene and in Dioxan Solution. 


By R. P. Bett and M. H. M. ARNOLD. 


It has been previously shown (Bell, Z. phystkal. Chem., 1930, 150, A, 20) that a soluticn of 
trichloroacetic acid in benzene will take up water to form a stable’ monohydrate. The 
acid itself is known to exist chiefly as double molecules in benzene, and it is of interest to 
discover whether the hydrate has the formula, CCl,-CO,H,H,O, 1 mol. of water replacing 
one of acid, or whether double molecules (CCl,-CO,H).,2H,O are formed. The structure of 
the double molecules of trichloroacetic acid itself has recently received a satisfactory 
explanation (see Sidgwick, Ann. Reports, 1934, 81, 40), and it may be hoped that hydrate 
formation can be accounted for on similar lines. 

This point can be investigated by freezing-point measurements, which have already 
been employed by Meisenheimer (Amnalen, 1930, 482, 130) for detecting cross association 
between hydrogen chloride and hydroxy-compounds in nitrobenzene and dioxan. In the 
present investigation, measurements were carried out with benzene solutions of dry tri- 
chloroacetic acid and of its equimolecular mixture with water, the equilibrium method 
previously described (Bell, Baughan, and Vaughan-Jackson, J., 1934, 1969) being used. 
The trichloroacetic acid was a pure product dried over phosphoric oxide, and the benzene 
was specially purified for freezing-point determinations, dried over phosphoric oxide, and 
distilled before use. The samples of solution withdrawn were analysed by titration with 
baryta. The results obtained are given in the following tables, in which m = mols. of acid 
per 1000 g. of solvent, and AT = freezing-point depression. 


Trichloroacetic acid in benzene. Trichloroacetic acid and water in benzene. 

m. AT. m. AT. m. AT. m. AT. m. AT. mM. AT. 
00119 0°031° 0°106, 0°293° 0°505 1°333° 0°0082 0°040° 0°0828 0°341° 0-743 1°880° 
00140 0°035 0°125, 0°383 0°566 1°533 00123 0-061 0°106 0°425 0-913 2-180 
0°0245 0°061 0°152, 0°486 0°623 1°605 0°0236 O-112 0153 0°540 0-918 0°207 
0:0288 0°073 0°171, 0°480 0-876 2-230 0°0277 0-127 0-192 0676 1°:065 2-476 
00301 0°081 0-177 0-510 0974 2°510 00345 0-161 0°203 0°727 %41:170 = 2°594 
0°0542 0°155 0-232 0°663 1°:261 3°032 0°0468 0-208 0°298 0-988 1360 2-981 
0°0644 0°187 0°324 0-902 1°410 3°405 0°0590 0°259 0°447 1320 1°565 3°437 
0:0972 0-276 0424 1:133 1600 3°975 0:0752 0-319 0°590  1°610 


The results of these cryoscopic measurements can only be interpreted simply if the solid 
phase throughout is pure benzene. To test this point, measurements were carried out by 
the method of van Bijlert (Z. phystkal. Chem., 1891, 8, 343) with carbon tetrachloride as a 
reference substance. The samples of liquid and mush were analysed by titrating one 
portion with alkali and determining the density of another portion (after removal of acid 
and water). Successive experiments with dry trichloroacetic acid gave the values 5%, 
(— 6%, — 1%), 5%, 8%, 10%, 14%, 9%, 8%, 4% for the partition coefficient of trichloro- 
acetic acid between the solid and the liquid phase. The mean of these values is 6%, with 
a probable error of + 2%. Similar experiments with an equimolecular mixture of tri- 
chloroacetic acid and water gave the same value within the experimental error. Similar 
results were obtained by Bury and Jenkins (J., 1934, 688) for the system acetic acid- 
benzene. They attributed the presence of acid in the solid phase to adsorption, which 
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seems the most probable explanation in the present case, especially in view of the erratic 
nature of the results. Even if there is actually a small degree of mixed-crystal formation, 
it is not enough to invalidate a qualitative interpretation of the results, and will certainly 
permit a comparison between the wet and the dry solutions. 

The cryoscopic results for the dilute solutions are shown in Fig. 1, and the whole range 
of concentrations in Fig. 2 (in which the points for the dilute range are omitted for the sake 
of clarity). The theoretical lines for single and double molecules are based on the equation, 
AT = 5-122m — 0-261m?, given by Bury and Jenkins (oc. cit.) for an ideal solute. 

In the case of the dry acid, the points lie close to the theoretical line for double molecules 
over the whole range of concentrations. There is a slight but definite tendency for the 
points to lie above the line in the middle concentration range. It does not seem possible 
to account for this by assuming a small dissociation of the double molecules into single 
molecules, because the deviations disappear at the lowest concentrations instead of becom- 
ing greater. The deviations may well be due to the samme complex physical causes which 
lead to “ positive ” deviations from ideal behaviour in the vapour-pressure curves of many 
binary liquid mixtures. 

Fic. 1. Fic. 2. 
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The most direct information about the solutions containing water is afforded by the 
results in dilute solution. It is seen at once that in very dilute solution the hydrate gives a 
f.-p. depression exactly twice as great as the dry acid, #.e., the molecules present must be 
CCl,-CO,H,H,O and not (CCl,-CO,H),,2H,O. As the concentration increases, the data for 
the wet solutions indicate a gradually increasing association, and at a concentration of 
about m = 0-7 the f.p.’s of the wet and the dry solution are the same, which would corre- 
spond to complete association of CCl,*CO,H,H,0 to (CCl,°CO,H),,2H,O. The experimental 
results do not provide conclusive evidence for the existence of double hydrated molecules, 
for at higher concentrations the apparent association is somewhat greater than 2. How- 
ever, the shape of the curve differs from the type usually found for “‘ continuous ”’ associ- 
ation (e.g., alcohol in benzene, where the association is probably due to a purely physical 
interaction) in that it falls off rapidly at first but much more slowly after passing the 
theoretical curve for double molecules. The apparent increase of the degree of association 
to slightly more than 2 may well be due to physical interaction at the high concentrations 
involved. The existence of the molecule (CCl,-CO,H),,2H,O thus appears probable, though 
it is much less stable than the (CCl,-CO,H), molecule, being roughly 50% dissociated into 
CCl,-CO,H,H,O at m = 0-15. 

The only satisfactory structure for the double molecules of carboxylic acids is that 
proposed by Sidgwick (Joc. cit.), in which the older conception of doubly covalent hydrogen 

5A 
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is interpreted as a resonance state between two “ classical ”’ structures, ¢.g., in the present 
case (I). A feasible structure for the single hydrate molecule can be written by replacing 


a cciyc<0_Fe>ccc, ccyc< 0H CCl, 


one acid molecule by a water molecule, 7.¢., (II). This is not, however, the only possible 
structure. For instance, by analogy with chloral hydrate, CCl,CH(OH),, we may write 


(I1.) CCC BNo—H cClyc<0 F_o—H 
cane pom? 


(III), though this formula has the disadvantage of assuming that three hydroxyl groups 
are attached to one carbon atom.* 


(III.) CCl,-C(OH), [CCl,-COO}’[H,Oy (IV.) 


By analogy with the crystal structure of perchloric acid hydrate, [H,0][C10,]’, a further 
possible structure is (IV), which is supported to a certain extent by the fact that the form- 
ation of a hydrate appears to be related to the acid strength; thus tri-, di-, and mono- 
chloroacetic and acetic acids form hydrates to an extent which decreases in the order given 
(Bell, Z. physikal. Chem., 1930, 150, A, 20), and the strong acid hydrochloric acid associates 
considerably with water and alcohols when dissolved in nitrobenzene or dioxan (Meisen- 
heimer, Joc. cit.). 

A similar ambiguity is encountered in attempting to assign a structure to the double 
molecule (CCl,*CO,H),,2H,O. By analogy with (I) and (II) we can write a resonance 
structure (V), though it may be remarked that this could be mo extended to include 


B 
Vv) CClyc<p # oH O>CCCl, aes CClyC<O ts HOsc-cci, 


any number of water molecules, whereas actually an exactly equivalent amount of water is 
* , taken up (Bell, ibid.). Structure (IV) might form a double dipole 
[CClyCOO} [H,O}" aggregate, as in (VI), but can also give rise to a resonance structure 
[HsO]* [CClyCOO]” fo7’the double molecules, (VII), and in this case the hydration must 
ms stop at 1 mol. of water per mol. of acid. The free charges in this 
structure might lead to an apparent degree of association greater than 2. Structure (III) 


(VIL) CCl, C< Teor O . Sc. CCls Cayo Pole o>c CCl 


would not be expected to form double molecules, but would exhibit continuous association 
like the alcohols. As for the single hydrate molecules, there is insufficient evidence to 
discriminate with certainty between the alternative structures. 

It was thought of interest to investigate hydrate formation in a solvent in which carb- 
oxylic acids are present chiefly as single molecules. From the very meagre data available, 
this appears to be the case in solvents containing oxygen, and measurements were therefore 
carried out in dioxan (diethylene dioxide). 

The dioxan was purified by freezing and dried over sodium; m. p. 11-8°. The cryo- 
scopic technique was exactly the same as for benzene. The following results were obtained 
for solutions of trichloroacetic acid and of its equimolecular mixture with water. 


* Unpublished experiments show that dry trichloroacetic acid is about four times as efficient a 
catalyst as the hydrate for the rearrangement of N-bromoacetanilide in benzene solution (cf. Bell, Proc. 
Roy. Soc., 1934, 143, 377; Bell and Levinge, ibid., 1935, 151, 211). This is evidence against the 
structure CCl,-C(OH);, which would presumably be a very weak acid relative to trichloroacetic acid. 
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Trichloroacetic acid in dioxan. Trichloroacetic acid +- water in dioxan. 

m. AT. m. AT. m. AT. m. AT. m. AT. m. AT. 
0°0462 0°195° 0-411 1:910° 0-488 2°340° 0°0387 0°248° 0-197 1°189° 0°393 2°131° 
0148 0°625 0°426 2°035 0°539 2°520 0°121 0°736 0-287 1:641 0°523 2°858 
07196 0922 0498 2-319 0°557 2-648 
0°346 1°535 


The results are shown graphically in Fig. 3. The full line is the theoretical curve for 

single-acid molecules forming an ideal solution, based on the results of Bell and Wolfenden 
(this vol., p. 822) for the normal solute chlorobenzene. The points for dry trichloroacetic 
acid are seen to fall well on this line, showing that the acid is present entirely as single 
molecules. This contrasts strongly with the results in benzene (having practically the same 
dielectric constant) and in #-chlorotoluene (having a considerably greater dielectric con- 
stant), in both of which only double molecules are Fic. 3 
present (cf. Bell, Baughan, and Vaughan-Jackson, -3: ioe 
loc. cit.). It is evident that (as for electrolytic dis- 
sociation) the chemical type of the solvent is one 
of the most important factors in determining the 
degree of association. The acid molecules are 
probably unable to combine with one another in 
dioxan because they are already combined with the 
oxygen atoms of the solvent molecules. The work 
of Weissberger and Hégen (Z. physikal. Chem., 1931, 
156, A, 321) and Weissberger and Fasold (<bid., 
1931, 157, 65) shows that trichloroacetic acid forms 
compounds with a large number of oxygen com- 
pounds in hexane solution. 

The broken line in the figure is obtained by 
addition from the results for dry acid alone and the oe , “ 06 
results for water alone (the latter taken from the , 














©CCl3:CO,H 
ACCIy-CO,H+H,0 














data of Bell and Wolfenden, /oc. cit.) : it thus represents the f. p. depressions which 
would be obtained with the mixture, CCl,-CO,H + H,O, in the absence of any interaction 
between the components. The actual results lie very much lower, and are consistent with 
the incomplete formation of a hydrate CCl,-CO,H,H,O by the equilibrium 


CCl,CO,H, dioxan + H,O == CCl,CO,H,H,O + dioxan. 


SUMMARY. 


(1) Cryoscopic measurements have been carried out with solutions of trichloroacetic acid 
and its hydrate in benzene. A phase-rule study shows that the solid phase contains a little 
trichloroacetic acid (probably in an adsorbed state) but not enough to interfere with a simple 
interpretation of the results. 

(2) The dry acid is present in benzene solution essentially as double molecules over the 
whole concentration range investigated (m = 0-01—1-5). The hydrate is present entirely 
as single molecules in dilute solutions, and probably forms double molecules at higher con- 
centrations. A number of different structures have been proposed for the single and the 
double hydrate molecule. 

(3) Similar measurements have been carried out with dioxan solutions. Trichloroacetic 
acid is present entirely as single molecules in this solvent, probably because it is associated 
with solvent molecules. The results with an equivalent amount of water added indicate 
the incomplete formation of a hydrate CCl,-CO,H,H,O. 


PuysicaL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. (Received, August 19th, 1935.] 
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348. The Thermocouple Vacuum Calorimeter. 
By W. E. GARNER and F. J. VEAL. 


THE experimental measurement of heats of adsorption is of importance for the study of 
heterogeneous catalysis, especially in cases where on account of difficulty in reaching equi- 
librium, the thermodynamic method cannot be applied. For this purpose, the thermo- 
couple calorimeter appears to offer the most promise since it can be used over a range of 
temperatures, and might be employed at those temperatures at which catalytic processes 
are usually carried out. There are, however, many difficulties to be overcome before this 
calorimeter can become an accurate instrument for research purposes. Up to the present, 
the design of such calorimeters has not been entirely satisfactory even for work at room 
temperatures. The main difficulty is to ensure that the temperature recorded by the 
thermocouple is a true measure of the rise in temperature of the mass of the adsorbent. 
Temperature gradients are set up across the adsorbent during the adsorption which can 
be ascribed to the operation of three main causes: (1) the loss of heat from the external 
surface of the calorimeter, (2) a slow rate of distribution of the liberated energy to the various 
parts of the calorimeter, and (3) an unequal distribution of the adsorbed gas throughout 
the catalyst. In the design of a vacuum calorimeter it is necessary to pay attention to 
each of these causes of temperature gradients. Perhaps the most important condition 
for the satisfactory working of a calorimeter is that the rate of loss of heat from the external 
surface should be small relatively to the rate at which heat is distributed within the calori- 
meter. 

There are two main types of thermocouple calorimeters in use, viz., (1) that devised by 
Garner, Bull, and Hall (J., 1931, 837), which consists of a cylindrical platinum vessel with 
a gauze tube along its axis, the adsorbent being placed in the annular space formed by the 
cylinder and the gauze tube and the gas being admitted to the space outside the radiating 
surface, and (2) that employed by H. S. Taylor and his co-workers in which the adsorbent 
is placed in a glass vessel which is surrounded by a hard vacuum during the measurement 
of the heat of adsorption and the gas is admitted to the inside of the radiating surface.* 
The former gave results in the adsorption of oxygen on charcoal which were in satisfactory 
agreement with those obtained by Marshall and Cook (J, Amer. Chem. Soc., 1929, 51, 
2019) with an ice calorimeter and by Lendle (Z. physikal. Chem., 1935, A, 172, 77) in a mul- 
tiple thermocouple calorimeter. The adsorption cf small volumes of oxygen on charcoal 
is, however, exceptional, in that the adsorption process is so complete that a high vacuum 
is obtained within a few seconds after the admission of gas. The Newton coefficient for 
the calorimeter is therefore constant throughout the measurements. It would be other- 
wise if the adsorption process were slow, for in such a case the pressure falls continuously 
during the adsorption. On account of the difficulty in interpreting the results for slow 
processes, the second type of calorimeter, where a hard vacuum is maintained outside the 
radiating surface, would seem to have most promise for general work. Consequently, 
in this investigation, attention has in the main been directed to this type of calorimeter. 

The rates of loss of heat from the radiating surface of various forms of calorimeter have 
been investigated under conditions such that the pressure of the gas over the adsorbent 
could be varied. Zinc oxide-chromium sesquioxide in granular form was employed as 
an adsorbent in most cases, since this substance gives rise to a great variety of adsorption 
processes. A type I calorimeter (Fig. la) gave cooling coefficients which decreased with 
fall in pressure (Fig. 2a). This was compared with a calorimeter consisting of a very 
thin cylindrical bulb of Pyrex glass (Fig. 15) with an inlet tube of very thin glass 0-7 cm. 
in diameter, and it was found that, in this case also, the Newton coefficients varied with the 
pressure (Fig. 2b). This was shown not to be due to loss of heat via the inlet tube by re- 
ducing its diameter to 2 mm. (Figs, lc and 2c). In order to determine the cause of the vari- 

* The calorimeter employed by Ward (Proc. Roy. Soc., 1931, A, 188, 506) may be classed as of this 
type, although his calorimeter was surrounded by air. 

t+ The cooling coefficients are expressed as loss of temperature in degrees per minute for a temper- 
ature difference of 1°. 
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ation in the loss of heat with the pressure of gas over the adsorbent, measurements were 
made of the heat of adsorption of hydrogen on the same catalyst, in the calorimeter 1d, 
which gives a similar change in the Newton coefficient to Ic. 

Heat of Adsorption of Hydrogen on Zinc-Chromium Catalyst in Calorimeter 1d.—The 
calorimeter was tested by non-adiabatic and adiabatic methods. The rise in temperature as 
shown by the thermocouple was recorded photographically, and measurements were made 
simultaneously of the gas pressure above the adsorbent. Inevaluating the heat of adsorption, 
corrections were applied for the variation in the Newton coefficient with pressure. In the 
non-adiabatic method, the external temperature was maintained at the initial temperature 
of the calorimeter throughout the experiment. In the adiabatic method, hydrochloric 
acid was run into a dilute solution of sodium hydroxide which served as the calorimetric 
fluid, and the rate of introduction was so adjusted as to keep the temperature of the sur- 
rounding medium at that shown by the thermocouple. Some experiments were also carried 
out during which the external temperature was maintained approximately at that of the 


Fic. 1. 
= H 
(c) 
maximum temperature reached during the adsorption. This will be referred to as the partial 
adiabatic method. , 

There was, in general, a slight fall in the heat of adsorption with successive admissions 
of gas, but the differences were so slight that the average results of the first three admissions 
can be given: non-adiabatic method 21-1; adiabatic method, 19-0; partial adiabatic 
method 18-7 cals./mol. The lack of agreement shows that calorimeter ld is unreliable, 
and this was to be expected since the cooling correction after 4—5 minutes is 30% of the 
rise in temperature. With a correction of this magnitude, it seemed probable that there 
were large temperature gradients across the calorimeter, so calculations were made of the 
trates of transference of heat across various parts of the calorimeter in order to test this 
view. 

Conduction of heat along the thermocouple wires. The thermocouple was platinum—plat- 
inum-rhodium of 46 gauge, and the length of the wires was about 12 cm. before they ended 
in a heat sink. It can easily be shown that the fall in temperature of the calorimeter 
is 1-9 x 10-5°/min. for 1° difference in temperature, which is a negligible contribution to 
the total loss, viz., 0-03—0-08° /min. 

Conduction of heat along the exit tube. Likewise, it can be shown that the rate of loss 


of heat along the exit tube is 0-005x°/min., where x is the cross-sectional area of the glass. 
Since x is a small fraction of 1 cm.?, it is clear that loss by this means is also negligible, 
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and that practically the whole of the heat loss is by radiation from the surface of the 
calorimeter. F 

Loss by radiation. The container of the calorimeter consists of a cylindrical bulb 7-3 
cm. long and 2-75 cm. in diameter with hemispherical ends, and, the emissivity of Pyrex 
glass being taken as 0-9 at 20°, it can be shown that the loss of heat by radiation from the 
walls for 1° difference in temperature is 0-225°/min. These calculated losses are 3—10 
times as large as those measured experimentally, so the actual temperature of the radiating 
surface must be much lower than the temperature of the interior as shown by the thermo- 
couple. There are, therefore, very large gradients across the calorimeter. In order to 
gain some idea of the locality of these gradients, calculations were made of the rate at which 
heat is transmitted across the glass wall of the calorimeter and the jacketing vessel. 

Gradients across Pyrex walls. Ingersoll and Zébel (‘‘ Theory of Heat Conductivity,” 
1913, p. 89) discuss the rate of transference of heat across a slab at uniform temperature, 
one face of which is raised to 6° and kept at constant temperature, and the other protected 
from heat loss. From their equations, it can be shown that the temperature of the two 
surfaces of a slab of Pyrex 0-3 cm. thick becomes the same within 0-5% in about 9 secs. 
Since the thickness of the outer vessel is 0-3 cm., and that of the thin bulb is very much 
less than this, it is clear that the lags due to poor conductivity of the Pyrex walls are negli- 
gibly small in calorimeter 1d. 

The transmission of heat across the catalyst, and the thermocouple galuanometer lag. In 
working with a zinc oxide catalyst in calorimeter If (see later), information was gained 
accidentally as to the transmission of heat across the adsorbent and to the thermocouple. 
It is given at this stage in order that the behaviour of the calorimeter can be adequately 
discussed. The specimen of zinc oxide adsorbed carbon monoxide and dioxide very rapidly, 
and the adsorption was complete in a few seconds, although there was a high final gas 
pressure above the adsorbent. A sharp peak is observed on the temperature-time curves, 
which was usually 2-5—3 times as high as the one-minute reading (Fig. 6). The duration 
of the peak was about 30 secs. after the admission of gas. The effect was not observed 
until the catalyst had been baked out several times, was present only to a slight extent 
on a second admission of gas, and did not occur on desorption; moreover, it did not occur 
with ethylene, where a rapid adsorption was followed by a slow process. 

The peak on the temperature-time curves can be explained as follows. The granules 
of zinc oxide are crystalline with very fine cracks, and the activation energy for the surface 
flow of carbon monoxide and dioxide is so large that the rate of diffusion into the interior 
along the cracks is negligible. The heat is thus liberated on the outside of the grains, 
and the thermocouple takes up a higher temperature than is obtained when the heat has 
become uniformly distributed throughout the grains. The adjustment of the temperature 
requires about 30 secs., and this is the time taken to equalise the temperature throughout 
a single grain. It is suggested that the conductivity of heat into the interior of the grains 
is enormously accelerated if gas is present in the cracks. This accounts for the non-ap- 
pearance of the peak until the adsorbent has been thoroughly baked out, its non-appearance 
on second admission, on desorption, and on the adsorption of ethylene. 

The peak is of importance because it gives us information as to the rate at which heat 
is conducted into the interior of the grains when there is a low gas pressure inside the grains, 
and also indicates the maximum lag on the thermocouple-galvanometer system which is 
of the order of 30 secs. The losses by radiation during this interval will be small, and there 
can be no serious objection to the calorimeter on this account. 

The rate of conduction of heat from grain to grain is a fairly slow process even with 
gas pressures above 5x10 cm., and the calculated heats of adsorption do not reach a 
maximum in the case of hydrogen on zinc oxide-chromium oxide until after about 3 
mins. A typical calculation is given below for calorimeter le. 

Time, mins. 3 4 5 6 7 8 

Heat, cals, /mol. 12°6 12°6 12°7 12°8 12°8 12°7 
The lag in the attainment of equilibrium, which is not serious, is due to the time taken for 
the glass, and the platinum to a less extent, to take up the temperature of the adsorbent. 
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Calorimeter le.—From what has been said above, it will be seen that the improvement 
of the calorimeter can best be effected by reducing the emissivity of the Pyrex walls. This 
was effected by platinising the surfaces of the thin bulb and the inner surface of the outer 
container; this reduced the Newton coefficient considerably, and made it only slightly 
dependent on the pressure of the gas (hydrogen) in the calorimeter (Fig. 2e). When carbon 
monoxide was employed, a very similar curve was obtained, but helium behaved anomal- 
ously (see later). Over the pressure range 5 x 10° and upwards, the radiation losses 
are independent of the gas pressure, and this means that the gradients across the adsorbent 
are very slight in this region of pressures. The cooling correction hds also been very much 
reduced, being only 4% of the rise in temperature after 4 mins. It follows that the 
irregularities in the temperature of the adsorbent due to conduction into the grains and across 
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the grains to the glass and platinum which occur within the first minute after admitting 
the gas, will not lead to an appreciable error in the determination of the heat of adsorption. 

The heats of adsorption of hydrogen on the zinc-chromium catalyst now gave 13-0 
cals./g. by the non-adiabatic method and 13-3 cals./g. by the adiabatic method, indicating 
that the gradients across the adsorbent were very much smaller. It was not possible to 
make an extensive test of the calorimeter, since the reproducibility of the individual heats 
could not be made better than + 0-5 cal. This lack of reproducibility was probably 
due to variations in conditions of baking out. 

The calorimeter is reasonably satisfactory if the gas pressure does not fall below 
5 x 10% cm., and providing the gas be uniformly distributed throughout the adsorbent, 
which occurs when the adsorption is a slow process. A number of results have been obtained 
with it, and these are recorded in the following paper. It may, however, prove to be un- 
satisfactory if the adsorption is a rapid process leading to a high vacuum within a few 
minutes, especially if this is coupled with the absence of surface flow within the grains. 

Gradients due to Unequal Adsorption—The adsorption of oxygen on a reduced zinc- 
chromium catalyst was found to be a rapid irreversible process, the speed of which is very 
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high, and there is probably little mobility of the adsorbed gas within the grains of the ad- 
sorbent. The differential heats of adsorption are found to increase to a maximum, as has 
been found in other cases by many of the early workers with the thermocouple calorimeter. 
On admission of the first small amounts of gas to the freshly activated catalyst, adsorption 
occurs mainly at the top of the container, and the distribution of heat in these circum- 
stances within the calorimeter with a hard vacuum inside it is not sufficiently rapid for the 
thermocouple to record the average temperature before serious heat losses occur. In 
consequence, calculation gives a low initial heat. The employment of helium as a carrier 
gas made matters much worse. 

It was found possible to measure the heat of adsorption of oxygen on zinc-chromium 
by admitting sufficient gas to saturate the catalyst, thereby ensuring a good distribution of 
gas. Calorimeter le, however, proves to be unsuitable for the measurement of the different- 
ial heats. It was, therefore, necessary to pay more attention to the distribution of gas 
into the absorbent. Calorimeter 1f (Fig. 3) was designed for this purpose. 


Fic. 3. Fic. 4. 




















Calorimeter 1f.—This consisted of a very thin spherical bulb 3-3 cm. in diameter, 
containing a platinum-gauze vessel 2 cm. in diameter, the entrance to which was a very 
thin inlet tube so arranged that the gas could only penetrate to the absorbent through 
the platinum gauze vessel. This ensured a better distribution of the gas, and, what is 
perhaps as important, shortened the distances over which it has to travel within the calori- 
meter. Since the heat capacity of this calorimeter was about half that of le, the Newton 
coefficient was about twice as large. As before, the rate of loss of temperature is constant 
above 5 x 10° mm., being 0-046°/min. With a hard vacuum inside the calorimeter, 
the rate of loss of temperature is 0-038°/min., so the temperature gradients in this extreme 
case are not very large, and the maximum divergence of the thermocouple temperature from 
the average cannot be greater than 4 in 46 and is probably much less than this. Provided 
there be a good distribution of gas, even with a hard vacuum, this calorimeter will give 
heats of adsorption with a fair accuracy. 

The differential heats for the adsorption of oxygen on zinc-chromium oxide were im- 
proved in calorimeter 1/, but they still showed a maximum, and when successive volumes 
of 0-16 c.c. of oxygen were added to 3-6 g. of oxide, the maximum occurred at the eighth 
admission and this probably corresponded to the adsorption of gas in the immediate 
neighbourhood of the thermocouple. 
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The heat is not properly distributed throughout the oxide until after 10—15 mins., and 
heats calculated at this time will not be very accurate on account of the magnitude of the 
cooling correction. A mixture of equal volumes of helium and oxygen improved matters 
somewhat but did not entirely remove the maximum. The adsorption was much slower 
and hence the maximum deflexion is lowered. 

Maximum deflexion 73 68 #68 69 67 68 69 87 83 82 
DeRebth SEE 25. MIRE. ccvesecercsscssvcsencees eos 65 61 60 58 57 56 56 60 60 46 
The reason for the failure of helium is thought to lie in its not being adsorbed by the ad- 
sorbent. It is unable to enter the grains and improve their conductivity for heat. This 
was confirmed by measurements of the cooling coefficients with helium in the calorimeter. 
The loss of temperature with helium as a carrier gas is constant over the pressure range of 
hard vacuum to 1 mm. pressure, and the conductivity across the grains is not appreciably 
improved until the pressure of helium is above 1 cm. The reduction of the thickness of 
zinc oxide to one-third would have given better results, but even then there would be an 
uncertainty of several per cent. in the results. 
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This is the only case which has given much difficulty. For other rapid processes, such 
as the adsorption of carbon dioxide on zinc-chromium oxide and ethylene on zinc oxide, 
the calorimeters worked satisfactorily. In these cases the grain conductivity was prob- 
ably higher. 

EXPERIMENTAL. 


Thermocouple and Leads to Galvanometer.—A platinum-—platinum-rhodium thermocouple 
was employed in conjunction with a Kipp and Zonen Z3 galvanometer, and the wires were 
fused directly through the Pyrex glass (see Figs. 1 and 3). The sensitivity of this galvanometer 
can be varied; it was usually employed at a sensitivity of 20—25 cm./degree. The deflexion 
was recorded on a revolving drum placed 2 m. from the galvanometer. 

One of us and Kingman (Trans. Faraday Soc., 1931, 27, 322) observed that on admitting 
an inert gas to the adsorbent in a vacuum calorimeter, an E.M.F. is produced even when no gas is 
adsorbed. This effect, called the “ gas effect,’’ was not understood at the time but was elimin- 
ated by surrounding the calorimeter and leads in an air thermostat. Subsequently, D. E. Wheeler 
(unpublished) and Beebe (Trans. Faraday Soc., 1932, 28, 761) traced the effect to changes in 
the temperature gradients along the thermocouple wires, which occur on admission of the inert 
gas. An E.M.F. is produced at a point of strain when there is a temperature gradient along the 
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wire. The point of strain appears to be situated where the wires emerge from the glass, and the 
trouble can be avoided by surrounding the leads emerging from the seal to a length of 10 cm. 
in the calorimetric fluid. The arrangement adopted is shown in Fig. 4. 

Currents are also produced in the thermocouple circuit by draughts along the leads and on 
switching in the thermocouple circuit. It is necessary to encase the leads in glass tubes and 
surround them with cotton wool. A mercury switch (Fig. 5) is employed to eliminate E.M.F.’s 
due to switching in the circuit. Electrical contact is made between the copper leads to the 
galvanometer and the platinum leads of the thermocouple by raising mercury in the switch 
A. The switch was immersed in a Dewar vessel containing water which could be stirred by 
a slow stream of air. The cold junction is shown at B. These arrangements gave satisfactory 
results except on very windy days. 

Calibration of the Thermocouple.—It was found most convenient to calibrate the thermo- 
couple by a variation in the temperature of the cold junction. At 0°, the thermocouple was 
calibrated by adding a solution of sodium chloride to ice and stirring the mixture until the temper- 
ature was constant as shown by a Beckmann thermometer. At 20°, a dilute solution of sodium 
hydroxide was used as the calorimetric fluid, and a rise in temperature achieved by adding 
a dilute solution of hydrochloric acid. The individual calibrations agreed within 1%, whether 
done at the cold junction or at the thermocouple in the calorimeter. , 

Calorimeters.—These are shown in Figs. 1 and 3. In all cases, except Type I, the inner 
bulb was made of very thin Pyrex glass which contained the adsorbent and thermocouple. 
This was fused into an outer cylindrical bulb with walls 0-3 cm. thick. The details of the con- 
struction will be seen from the figures. In calorimeters le and If, there was a platinum gauze 
tube or bulb for distributing the gas. The thermocouple wires were usually fused through the 
walls of the thin bulb, and again through the walls of the outer cylindrical bulb. After emerging 
into the air, they were immersed in tubes for a length of 10 cm. under the calorimetric fluid. 
The outer surface of the thin bulb and the inner surface of the outer cylindrical vessel were 
platinised in the final forms of the calorimeter. The walls of the calorimeter bulb were so thin 
that it was essential that the difference in pressure between the inside and the outside of the calori- 
meter should not exceed 1 cm. of mercury. There was no appreciable leak of gas across the 
walls of the calorimeter within the duration of an experiment, but it was found that some 
hydrogen gas diffused through the walls of the calorimeter, if a pressure difference of 1 cm. 
was maintained for 24 hours. 

Type I (Fig. 1a).—The platinum container weighed 25 g. and was 9 cm. long by 2-2 cm. in 
diameter. It contained an axial tube of platinum gauze 100-mesh to the inch. It was sus- 
pended in the outer cylindrical vessel by 34-gauge copper—constantan thermocouple wires. 
The weight of adsorbent was 12-3 g. of zinc oxide-chromium oxide and its heat capacity was 
2-167 cals. /degree. 

Type II.—The thin Pyrex bulb in 15 weighed 1-7 g. and was 4-5 cm. long. It contained 9-9 
g. of zinc-chromium oxide, and the temperature changes were measured with a 46-gauge 
platinum--platinum-rhodium thermocouple. The inlet tube was of very thin glass 0-7 cm. in 
diameter. 1d has a slightly larger bulb than 1), but has a much smaller inlet tube 0-2 cm. in 
diameter. le is similar to 1d except that it has a platinum gauze tube along its axis 0-5 cm. in 
diameter, to facilitate the distribution of the gas. The total weight of Pyrex glass in the bulb 
was 2-38 g., platinum gauze 0-734 g., and the catalyst 148g. The heat capacity of the system was 
2-244 cals./degree. The surfaces were platinised, and the rate of loss of heat from the surface 
of the bulb when surrounded by a high vacuum was constant at 0-020°/min. for 1° difference in 
temperature at pressures of hydrogen above 3 x 10° cm. This heat loss did not change with 
time. This calorimeter was used for the measurement of a number of heats of adsorption. 

Calorimeter 1f consisted of a very thin Pyrex spherical bulb of about 3-5 cm. diameter, in 
the middle of which was a platinum gauze bulb 2 cm. in diameter with an entrance from above 
by means of a thin Pyrex tube. Several such calorimeters were made, and the heat capacities 
of that employed with zinc oxide are as follows: glass, 0-252; platinum 0-038; zinc oxide, 
0-736; total, 1-026 cals. The rate of loss of heat from the inner bulb with a hard vacuum out- 
side was 0-038—0-046° per degree for pressures of carbon monoxide above 5 x 10%cm. In 
other cases the rate of loss of heat was 0:016—0-018°. 

The rate of loss of heat from the inner bulbs of the final forms of the calorimeter was the same 
whether hydrogen or carbon monoxide was present above the adsorbent, as was also the pressure 
above which the heat loss becomes constant. The higher accommodation coefficient of carbon 
monoxide thus balances the higher mobility of hydrogen in the effects of these gases on the con- 
ductivity for heat across the inner bulb of the calorimeter. 
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Experimental Procedure.—The oxide was baked out for 2 hrs. at 460° under high vacuum 
after every series of experiments. After cooling, it was placed in a thermostat, which con- 
sisted of a well-lagged Dewar cylindrical vessel 10 cm. in diameter and 40 cm. high, which was 
filled with water to such a height that the thermocouple leads were immersed to a length of 
10cm. It was found possible to obtain a sufficieritly constant temperature without stirring. 

Tests were made of the freedom of the system from gas effects from time to time by admitting 
inert gases, argon or helium, and none was found. After admitting a gas to the adsorbent, 
the pressure was read at intervals of 2, 5, 8, 12, Fic. 6. 
and 17 mins., and the rise in temperature recorded on 
photographically. The photographic trace was 
plotted on a larger scale on squared paper, and the /’dragen on educed Zn0-Cr20;. 
corrections were made for cooling, it being assumed 
that the time lag on the thermocouple was negligible. 

Usually the heat of adsorption calculated from the 

points on the experimental curve were constant after _—_—— 
3 mins. In cases where this was not so, there are 

reasons for believing that changes are occurring in (Carbon monoxide on Zn0: Ist. Admission. 

the distribution of the gas over the surface. These 

will be discussed in the following paper. Es em 

Differential heats of adsorption were measured in —————— 
some cases by adding successive quantities of gas Carbon monoxide onZn0: 2nd. Admission. 
without evacuation or activation between the ex- 
periments, and at the end of a series the heat absorbed 
on removing the gas was also measured. Typical 
traces are given in Fig. 6, which includes one , : ' 
showing the peak on the temperature-time curve Carbon monoxide on Zn0: Desorption. 
obtained with carbon monoxide on zinc oxide. The scale of the vertical axis is 6-7 cm. /degree, 
and that of the time axis 0-27 cm./min. 














SUMMARY. 


A thermocouple calorimeter is described which is employed to measure the heats of 
adsorption of gases on oxides. It gives accurate results for total heats of adsorption of 
both slow and rapid adsorption processes, and is successful for the measurement of differ- 
ential heats of slow processes. Difficulties are met with in the measurement of the differ- 
ential heats of rapid processes on account of (a) poor distribution of gas throughout the 
oxide and (}) a low grain conductivity. Where the adsorbed molecules are mobile within 
the capillaries, the grain conductivity is usually sufficiently high to give no serious 
difficulty. For extreme cases it is necessary to work with a small thickness of oxide. 
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349. The Kinetics of the Thermal Decomposition of Acraldehyde. 


By H. W. THompson and J. J. FREWING. 


THE kinetics of the thermal and photochemical decomposition of aldehydes and ketones 
have been extensively studied during recent years. The thermal decomposition of prop- 
aldehyde (Hinshelwood and Thompson, Proc. Roy. Soc., 1926, 118, A, 221) and of acetone 
(Hinshelwood and Hutchison, ibid., 111, A, 245) were among the earliest studied examples 
of a homogeneous quasi-unimolecular reaction, and that of acetaldehyde was proved to be 
homogeneous but bimolecular (idem, ibid., p. 380). It is an inherent consequence of the 
mechanism of quasi-unimolecular processes proceeding by a Lindemann collision mechan- 
ism that the rate should show a falling off at low pressures. A more detailed re-examin- 
ation has now shown that such a falling off is not uniform, and the plot of the reciprocal 
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of the time of half-change against the initial pressure has a segmented appearance (Fletcher 
and Hinshelwood, Proc. Roy. Soc., 1933, 141, A, 41; 1934, 146, A, 327). It appears that 
the same molecule may decompose in different pressure regions by different mechanisms, 
each quasi-unimolecular; and it has been supposed that this arises as a result of a localis- 
ation of the energy of activation in different parts of the molecule. The energy of activ- 
ation changes in passing from one pressure region to another. 

The photochemical studies involve a correlation of the absorption spectra of the 
aldehydes and ketones with their fluorescence, and with the products and quantum 
efficiencies of their photochemical decomposition. Peculiarities arise in that, although 
there are indications of the operation of predissociation processes, the quantum efficiencies 
are nevertheless small, and there is considerable simultaneous photopolymerisation. 

It seemed desirable to examine the relationships with acraldehyde, in both its thermal 
and photochemical decomposition, and the results are reported respectively in this and 
the succeeding paper. If the hypothesis of a localisation of the energy of activation in 
different parts of the molecule is correct, the rather more complex nature of the acralde- 
hyde molecule might be expected to lead to enhanced effects of the type previously found. 
On the other hand, the presence of the system of conjugated double bonds might, by 
analogy with the ideas of electron drift, facilitate internal-energy rearrangements in the 
molecule. 

No kinetic measurements on this process are on record. 


EXPERIMENTAL. 

The acraldehyde used was a commercial product, fractionated in a vacuum. It poly- 
merised slowly, but rapidly after warming, so fresh samples were prepared at frequent intervals. 
Different samples gave identical results. 

The reaction was followed by means of the pressure change at constant volume. The 
reaction vessel, a cylindrical quartz bulb A (Fig. 1), of ca. 200 c.c. capacity, was connected by 
capillaries to a mercury manometer and to the taps T,, T,. ‘‘ Dead-space”’ amounted to 
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ca. 2%. Inert gases from a reservoir B, or acraldehyde from the bulb C, could be introduced 
through T,. The apparatus was evacuated through T, by means of a mercury diffusion pump, 
backed either bya water pump, or by a tube containing charcoal in liquid air, or by a Hyvac 
oil pump. The tubing between T, and T, was connected to a mercury manometer and served 
as a measuring pipette for introducing the smaller pressures of acraldehyde into A by partition. 
All the apparatus was wound with nichrome wire and heated electrically to ca. 70° to prevent 
condensation of acraldehyde. Apiezon tap grease was used. 

The reaction vessel was held within an electric furnace, and the temperature measured by 
means of a platinum-—platinum-rhodium thermocouple frequently calibrated at the b. p.’s of 
water and sulphur and the m. p.’s of pure aluminium (658°) and of the eutectic of copper-— 
aluminium (545°). There was a noticeable lag in the attainment of equilibrium between 
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thermocouple and reaction vessel, which may account for some slight irregularities in measure- 
ment of rate, but in general the temperature could be kept constant to within 1°. 

The progress of the reaction at initial pressures of 15—600 mm. was followed on the mercury 
manometer M,. For lower initial pressures, 1—20 mm., a McLeod gauge reading from 1 to 
25 mm. was attached at T,. The capillary of this gauge was heated electrically to a constant 
temperature of 50° to prevent condensation of acraldehyde upon compression. The procedure 
was as follows. The sharing ratio between the apparatus from tap T, to T, and the reaction 
vessel was first determined for air and for acraldehyde with the reaction vessel successively at 
480° and (for air) at 530°: there was no appreciable difference between the two in this respect, 
so the sharing ratio for acraldehyde at 530° was assumed to be the same as that for air. Simi- 
larly, sharing ratios were determined for the system reaction vessel-McLeod gauge, and the 
latter thereby calibrated. Acraldehyde vapour was then introduced into the apparatus 
between T, and T, at such a pressure as to produce after partition the desired pressure in the 
reaction vessel. After a suitable interval, the contents of the reaction vessel were shared with 
the McLeod gauge and the pressure measured. This provided one point on the curve showing 
pressure change as a function of time for a given initial pressure. The experiment was then 
repeated, the gas being withdrawn from 
A after a different interval. From the Fic. 2. 
curves so constructed, the period for a 
given percentage change could be read 7 «354 
off. In making the partitions, the taps ~ 
T, and T, were always allowed to remain 
open for the same period ; 5 secs. appeared 2,=278 
sufficient for the establishment of equili- “ 
brium. 

The products of reaction at various 
stages of its course were determined by 
withdrawing samples of the gas mixture 
from the reaction vessel into a gas holder 
over mercury. The latter was attached 
at T, by rubber pressure tubing. Details 
of the method of analysis are given below. 

In order to determine the extent to 
which the pressure change can be regarded 
as a correct measure of the decomposition, 
the rate of disappearance of the acralde- 
hyde was measured as follows. <A 500-c.c. d 
pipette, with capillary leads and having a 2-73 
tap at each end, was attached by rubber f . 
tubing at T,, the whole evacuated through - 
the reaction vessel, and the tap at T, P ee te” Oe 
closed. Acraldehyde at the desired pres- , : - : - - 
sure was then introduced into A, and after ¢ $ * Come, Se a 8 
a suitable interval the contents of A were 
shared with the pipette by opening T,. The pressure in the reaction vessel before and after 
sharing was measured on M,, whence, “‘ dead-space’’’ being neglected, the fraction of the gas 
mixture withdrawn was obtained. The tap T, was then closed, the pipette disconnected, and 
tap T, opened with the end of the pipette under the surface of 25 c.c. of N/10-sodium 
hydrogen sulphite solution (frequently standardised) so that the latter was sucked into the 
pipette. The gas was allowed to remain in contact with the liquid for ca. 15 mins. with 
frequent shaking, and the excess unused bisulphite was then titrated against standard iodine 
solution. The amount of acraldehyde originally present could thus be obtained. 

Ethylene was prepared by the action of syrupy phosphoric acid on ethyl alcohol. Cylinder 
argon was freed from oxygen by streaming slowly over heated copper. 
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Results. 


(1) The Nature and Course of the Reaction.—Typical curves showing the course of several 
tuns at 530° for different initial pressures are shown in Fig. 2. For a unimolecular decom- 
position giving ethylene and carbon monoxide as the sole products, the pressure increase 
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would be equal to the original pressure; for a bimolecular interaction of 2 mols. of acraldehyde, 
leading to butylene and carbon monoxide, the pressure increase would be one-half the original 
pressure. The actual “‘ end-point” lies between these extremes and varies somewhat with 
pressure. With 400 mm. initial pressure, Ap/pp is ca. 65%, and it rises with decreasing initial 
pressure, rapidly below 100 mm., so that at 40 mm. it is ca. 80%. The ‘‘ end-points ’’ do not 
vary appreciably with temperature over the range studied, viz., 490—570°. The process 
occurring is not, however, a simple superposition of the above two possibilities, for analysis of 
the products revealed the presence of carbon monoxide, butylene, ethylene, methane, ethane, 
and hydrogen, which were separated and identified as follows. 

The gas mixture withdrawn at the end of a run was first analysed in a modified Haldane 
apparatus. It was washed successively with water, 33% caustic potash solution, and dilute 
sulphuric acid, to remove carbon dioxide and unchanged acraldehyde. Only a trace of the 
former was present. The volume was then measured. ‘‘ Unsaturated hydrocarbons *’ were 
then absorbed by a concentrated solution of mercuric acetate, carbon monoxide by ammoniacal 
cuprous chloride, and the ‘‘ residue ” analysed separately as below. In the later experiments 
the “‘ unsaturated hydrocarbons ”’ were differentiated by first absorbing higher olefins (mainly 
butylene, see below) with concentrated sulphuric acid, and the remaining ethylene by mercuric 
acetate as before. Absorption with potassium mercuric iodide solution showed that acetylene 
was not present in appreciable quantity. Between each absorption the gas was washed with 
dilute sulphuric acid so as to maintain a constant vapour pressure before measurements of 
volume. 

Several preliminary analyses should be mentioned. (i) Unsaturated hydrocarbons and 
carbon monoxide were first removed from the gas mixture (530°; 90% completed). The 
remainder was assumed to consist of hydrogen, methane, and ethane, for, apart from other 
considerations, propane and higher homologues would be unstable at the temperature of the 
experiments. It was separated into two fractions, one condensed (ethane and methane) and 
the other not condensed (hydrogen and methane) by liquid air. The volume of each fraction 
was measured, and its composition determined by combustion, with the following results : 


Non-condensed fraction. Condensed fraction. Total, %. 
Vel,cc H,. CH,. Vol.,cc. CH, C,H, H,. CH,. 
(1) 1:43 0°80 0°63 1°34 0°78 0°56 29 51 
P, = 150 mm.{ (9 151 0°82 0°69 1-11 0°66 0°45 31 51 
(3) 1:26 0°55 0-71 1-21 0°40 0-8 22 45 
Mean 27 49 
Pp, = 300 mm. 3°92 1:30 2°62 2°61 0°25 2°36 20 44 





(ii) The mixture of reaction products, freed from acraldehyde, was passed into a tube sur- 
rounded by melting ethyl ether at — 116°. The uncondensed gas was pumped off. The 
condensed fraction was examined by combustion. Two experiments gave volume : CO, : con- 
traction = 1: 2-7: 4 and 1: 2-8: 2-3 respectively, which agree qualitatively with the presence 
of butylene and ethylene. (iii) Although the previous measurements do not exclude the 
possibility of the presence of propylene rather than butylene, we regard this as unlikely. The 
following experiment indicates that a butane is present. After removal of residual acraldehyde, 
the products of a run (530°; ~, = 150mm.; 90% completed) were passed into a tube surrounded 
by liquid oxygen. The uncondensed gases (hydrogen, carbon monoxide, and methane) were 
discarded. The condensed fraction was allowed to evaporate, and was then cooled at — 126° 
(eutectic of ether and toluene). The uncondensed fraction was pumped off (A). The con- 
densed fraction was re-evaporated and cooled at — 120° (eutectic of chloroform and ether). 
The portion not condensed was withdrawn (B), and that condensed then allowed to evaporate 
and collected (C). Each fraction was examined by combustion. Three experiments gave : 


Vol. : CO, : Contractn. Vol. : CO, : Contractn, 


(1) 1°4 : 13 (2) A i9i =: 21 


A : 1 ¢ 
B : Pay. 2°5 B 1 ae. 3 2°48 
1 : 


Cc ; we ; 2°6 Cc 343 —C(‘: 2°75 
(3) Aand B : a : 1°63 
Cc : ae % 2°61 


Hence, as the temperature of liquefaction rises, the condensed fraction has molecules richer in 
carbon up to about 4 atoms per molecule. Assuming the fraction C to consist of butylene and 
ethylene only, its composition can be estimated. The mean results are : 
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Butylene, %. Ethylene, %. 

From contraction ............ sbesesseseee 75°6 24°4 
71°5 28°5 
73-0 27-0 


showing a very satisfactory agreement. Fraction A appears to be methane and ethane, B 
ethane and ethylene. 

The analyses were mainly directed to the determination of (a) how the reaction products 
were affected by alteration of the initial pressure, and (6) how the composition of the gas 
mixture changed during the course of a single run. Results on (a) are given in the following 
table, the gas mixture in each case being analysed after proceeding to 90% of completion. 


Po C,H,, C,H, CO, ‘“ Residue,” Po C,H,, C,H, CO, “ Residue,” 
mm. ee , a %. %. mm. %. - %. y * 
40 10°8 13°9 52°4 22°9 300 119 10-0 57°5 20°6 
100 13°1 12°4 56:0 18-4 400 11°4 91 58:0 21°5 
200 13-2 11°7 56°9 18°3 


When carbon monoxide is removed from acraldehyde, the remainder is ‘“‘C,H,.” This might 
appear either as ethylene or as }C,H,, or in other ways such that the carbon monoxide formed 
is equivalent to the ‘‘C,H,.”’ Actually, the carbon monoxide is in excess of the required 
amount; for instance, assuming the residue to be composed of hydrogen, ethane, and methane 
in approximately equal proportions (see above), the ‘‘ C,H,” formed along with 52-4% of 
carbon monoxide at an initial pressure of 40 mm. will be (calculated with respect to carbon) 


(2 x 10-8) + (1 x 13-9) + (0 x 7-6) + (} x 7-6) + (1 x 7:6) = 46-9%. 


A similar result applies for the higher initial pressures. The same is also true if the calculation 
is made ‘‘ with respect to hydrogen,” although the discrepancy here is smaller. In the decom- 
position of acraldehyde, therefore, small amounts of condensation products are formed which 
do not appear in the analyses; in fact, a dark solid is slowly deposited in the reaction vessel. 

The percentages of the foregoing table are here recalculated on the basis of a constant 
volume of carbon monoxide = 100: 


Po Total Po Total 
mm. C,H, C,H,. CO. “Residue.” vol. mm. C,H,. C,H, CO. “Residue.” vol. 
40 206 265 100 43°7 190°8 300 «=620°7 Ss «17°4 100 35°8 173°9 
100 «23°42 = 221 100 32°9 178-4 400 196 15°7 100 371 172°4 
200 232 206 100 32°2 176-0 


From the results we should expect the ratios of the “‘ end-points ” at 40 mm. and 200 mm. to 
be 191/176 = 1-09: the observed ratio is 80/70 = 1-14. 

The following table shows typical results of experiments made to determine how the com- 
position of the mixture of products changes during the course of individual runs. 


Temperature, 530°. 
(1) pp = 155 mm. (2) pp = 85 mm. 
% Com- % Com- “ Unsat- 
pletion. ; , CO. ‘ Residue.” pletion. urated.” ‘ CO. “ Residue.”’ 
15 , ‘ 57:0 110 30°5 57°2 12°3 
22 , 57°3 117 30°0 57°2 12°8 
, 575 14-5 30°6 56-3 13-0 
57°3 15°5 28°0 56°5 15°5 
: 58°5 165 25°5 55°5 19-0 
13-2 . 57°0 18°8 
It is clear from this table that (i) the methane, ethane, and hydrogen are formed as primary 
products, and not merely as the result of secondary interactions and condensations among 
the unsaturated hydrocarbons; (ii) during the course of a run the proportion of the residue 
increases and that of unsaturated hydrocarbons (primarily butylene) decreases. 
As the initial pressure increases, there is a greater proportion of butylene and a smaller one 
of “‘ residue ’’ among the primary products. The following table gives results at several initial 
pressures. The temperature was 530° and in each case the reaction was 20% completed. 


by  CHy CyHy CO. “ Residue.” Po  CHy CH, CO. “ Residue.” 


40 17°7 11°3 57°3 13°6 155 20°4 10°6 57°2 11°8 
85 20°0 10°5 572 12:3 300 21°2 12°1 58°5 82 
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It is possible to understand the results of the last four tables if it is assumed that at very low 
pressures the primary process involves predominantly the formation of ethylene and residue, 
whilst at higher pressures butylene is also a primary product. At still higher pressures, the 
proportion of ‘‘ residue’ increases by virtue of condensations leading at the same time to a 
decrease in the proportion of butylene. 

(2) Pressure Change as a Measure of the Reaction.—In view of the rather complicated nature 
of the decomposition, it was desirable to determine how far the pressure change could be 
employed as a measure of the disappearance of acraldehyde. This rate was accordingly 
followed by titration as already described. Curves were constructed at a given temperature 
and for each of a series of initial pressures, 40—500 mm., showing pressure change as a function 
of acraldehyde decomposed. Allowance was made for the ‘‘ dead-space’’; this could be 
calculated roughly, and was in addition found to be about 3% by allowing a run to proceed 
to completion before titration. 

Typical results at 530° and two different initial pressures are given in the following table. 


(1) p, = 500 mm. (2) pp = 100 mm. 
Titre Titre 

corrected Titre corrected Titre 
Ap, for dead diff. Ap, for dead diff. 
mm, Titre. space (v). (Av). , Titre. space (v). (Av). 

0 . 55°0 0 17°9 17°3 0 
25 ’ 47°4 ° , 16°4 15°8 
50 , 41°2 15°3 14°7 

75 , 35°3 13°5 12° 
100 , 30°0 12°7 12: 
145 p 2 1 10° 
202 . 1 y 
268 
289 . . . 
310 (end) . , , ° 75 (end) 0 
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Measurements were made at 491° and at 530°. The pressure increase corresponding to the 
disappearance of half the acraldehyde for a given initial pressure was not appreciably affected 
over this range of temperature. 

From the data obtained with ten different initial pressures over the range 40—500 mm., 
curves were constructed from which, for a given initial pressure of acraldehyde, the pressure 
increase corresponding to one-third, one-half, and three-quarters of the aldehyde decomposed 
could be read off. From the following table, in which pressures are expressed as a % of py, 
it can be seen that half the pressure change does not correspond to the true “‘ half-life ’’ at 
any pressure, and the necessity for this procedure becomes apparent. 


Po mm. Apis. Api: Apsya- APtinal- 
50 18°8 31°6 50°4 79 
100 18°5 30°6 47°0 75 
200 17°5 27°2 43°5 70 
300 16°3 25°7 41°8 66 
500 14-0 22°9 38°8 64 


(3) The Homogeneity of the Reaction.—The great reproducibility of the process (if oxygen is 
carefully excluded from the reaction vessel) is almost adequate proof of its homogeneity. It 
was, however, examined in several different vessels of different surface/volume ratio. In 
different unpacked silica vessels there was no alteration in rate. In a cylindrical vessel packed 
with silica tubes, having a surface/volume ratio some 3 times as great as that of the unpacked 
vessels, the ‘‘ end-points ’’ were uniformly rather lower (2—3%) than in the unpacked vessel. 
If corrections are made for this minor variation in end-point, the reaction is still somewhat 
slower in the packed vessel, but the effect is slight. At 530°, for values of p, varying between 
40 and 354 mm., the ratio of ¢, in the packed and unpacked vessels varied between 0-82 and 
0-97 (mean 0-91). The retardation is not as large as might be expected if appreciably long 
reaction chains were involved. Essentially the reaction is homogeneous. 

(4) The ‘‘ Order’’ of the Reaction.—For a first-order process t,/t, = 1-71 and ¢,/t, = 2; for 
one of the second order, these ratios are respectively 2 and 3. The values found in the present 
case lie between these limits (Table I). Mean values at other temperatures were: 510°, 1-78 
and 2-43; 550°, 1-81 and 2-1; 540°, 1-77 and 2-12. 

For a bimolecular process the velocity constant k should be given by 1/t,cy or ky = 1/t,Po- 
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TABLE I. 


Temperature 508°. 
(dp/dt), x 10, tye, 

Po: mum. /sec. secs. tyjo/tys- taya/treo- 10* /tyjaPo. (105/52) (dP/dt), 108 /tyyo. 
15°5 0-023 2016 1°63 0°32 0°96 0°5 
19°0 0-040 1560 1-71 111 0°64 
22-2 0-052 1540 1°85 1:05 0°65 
29-0 0°102 1055 1:85 1-21 0°95 
36-0 0°143 820 1°74 110 1:22 
50:0 0°28 625 1°78 1°12 1-60 

0°45 558 1°74 1°19 1°79 
0°55 474 1°82 0°98 2°11 
0°72 500 1°88 1°12 2-00 
0°87 420 1°84 2°38 
0°82 423 1°76 2°36 
1°22 356 1°74 2°81 
2°03 294 1-89 3°40 
2°88 231 1-68 4°33 
4:07 186 1-68 5°38 
4:81 183 1-70 5°46 
5:37 162 1°66 6°17 
615 145 1°81 6°90 
404 9:41 132 1°69 7°58 
484 10:41 114 1°68 8°77 
514 12:50 108 Eve 9°26 
600 14167 95 1-73 10°53 
651 20:0 85 1°81 11°76 
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As Tables I and II show, this quantity, although reasonably constant over the entire pressure 
range, decreases uniformly as the initial pressure increases, and reaches a steady value above 
200 mm. 

In the same way, the expression kg = (dp/dt),/p} shows a drift in passing from lower to 
higher pressures. It varies three-fold ; 
over the pressure range 5—500 mm. The Taste If. 
first-order expression (dp/dt),/p, varies 20- Temperature 540°. 
fold over the same pressure range. The (dp/dt),, 


facts suggest that at higher pressures the - mum. /sec. ee (10°/o%) (dp/dt)g. 10° /trj2. 
‘ 3°21 


predominant reaction is bimolecular, but 0-137 0- ; 1-94 
that at lower pressures there is a super- . hs Q Be 
posed first-order process. . 0°83 . 3°74 

The constants k, differ from k, by a ° 0°74 4°39 
factor of about 3. A similar result has ; 0°68 4°81 
been noticed by Fletcher in the decom- oe os 
position of formaldehyde (Proc. Roy. Soc., , 0°63 7-81 
1934, 146, A, 357). The discrepancy is so 2 0°61 8°13 
uniform over the entire pressure range ’ 0°61 8°85 
that we are inclined to regard it as due, ‘ rt shan 
not so much to jinaccuracies in the initial ‘ 0°52 12°5 
tates, as to the fact that the order varies 262 , 0°51 13°51 
during the course of the run; hk, is, : 0°48 14-49 
moreover, determined from #,, whereas kg pid : can oan 
is obtained from (dp/dt),. 

(5) Variation of the Period of Half Change with Initial Pressure.—Fig. 3 shows the plot of 
1/t, against p, at 530°; and the inset is an enlarged portion for low initial pressures at 508°. 
There is no doubt that the curve is segmented. At 530° the changes of slope occur at ca. 
200 mm. and 15 mm.; and there may be a feebler one at 40 mm. The effects are not so 
pronounced as with propaldehyde, but more like those found with acetaldehyde. From our 
results at different temperatures, it appears that the pressure regions at which changes of 
slope occur vary at different temperatures. For example, at 550° and 530° the changes are at 
140 and 280 mm. respectively, instead of 200 mm. 

(6) The Temperature Coefficient of the Reaction.—The following table gives values of ¢, (in 
secs.) for various pressures at different temperatures. For each pressure the plot of log ¢, 
against 1/T is almost a straight line. The energies of activation, uncorrected for the variation 
of collision rate with temperature, are given below. 
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Initial pressure, mm. Initial pressure, mm. 
A. <A. 


T, Abs. 30. 60. 100. 200. 300. 400. T, Abs. 30. 60. 100. 200. 300. 400. 
500° —_ — 571 308 222 177 530° 532 323 215 120 88 72 
508 1031 588 408 235 167 133 540 364 230 156 88 68 
510 — — 385 213 154 123 550 200 174 #118 — — 

520 690 417 286 160 120 97 570 145 96 71 —_ — 








Energy of activation. 
Initial pressure, MM. ..........++ 30 60 100 200 300 400 
10° x E, cals. 40°8 40°7 37°8 36°5 35°4 
The energy of activation was also determined for a concentration corresponding to 300 mm. 
at 530°. The value obtained was 38,400 cals., which, corrected for the variation of collision 
rate with temperature, becomes 37,600 cals. The corresponding value for a concentration 
corresponding to 100 mm. at 530° is 41,800 cals. 


Fic. 3. 





























ol. | 120, 160 
: . ,__ Initial pressure,mm._, : , 
50 10 150 200 250 30 350 400 
Initial pressure, mm. 














(7) Influence of Added Gases Upon the Rate of Reaction.—The influence of the products of 
reaction, of atgon, of hydrogen, and of ethylene upon the rate of reaction was examined. The 
last two gases, if present in excess, do not appreciably affect the initial rate, but considerably 
alter the “‘ end-point,” so it is difficult to determine the extent of their catalytic action. 
Similarly, the products of the reaction in small amount do not noticeably affect the reaction 
rate, but if present in excess they disturb the end-point. Argon has little influence upon the 
reaction. 

DISCUSSION, AND MOLECULAR STATISTICS. 


The above results suggest that in many respects the decomposition of acraldehyde 
involves a mechanism similar to that proposed for the decomposition of other aldehydes. 
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The segmented curve relating 1/¢, and initial pressure can best be interpreted by sup- 
posing that several independent quasi-unimolecular and one bimolecular decomposition 
are superposed. Up to pressures of 600 mm., the curve shows no tendency to become 
horizontal, and thus differs from that of propaldehyde. On the other hand, the relation- 
ships here cannot be the same as with acetaldehyde, for, by virtue of the formation of 
butylene, a genuine bimolecular process must be superposed upon the quasi-unimolecular 
processes. No ethane is formed in the decomposition of acetaldehyde, and there is no 
evidence for the existence of other than quasi-unimolecular mechanisms. The order of 
reaction as indicated by ¢,/t, and ¢,/t, is between 1 and 2, but as determined by this 
method in such a complicated system, it may be of little significance. 

At lower pressures the energy of activation rises, in agreement with previous work; 
and, as would be expected if the unimolecular decomposition were most prominent at 
lower pressures, there is a greater proportion of methane, hydrogen, and ethane at these 
pressures than at the higher ones. 

In view of the superposition of the various processes, it is difficult to make strict 
calculations on the molecular statistics of the reaction. At 530° and 100 mm. initial 
pressure, the value of the bimolecular constant ky = (dp/dt),/p; = 1-7 x 10°, whereas 
k, = 1/t,p9 = 4:3 x 10°. The mean is 3-0 x 10°. This will not be the accurate 
bimolecular constant, but it will not be far from it (the limiting value of k, at the highest 
pressures is 3-4 x 10°). Then &pj.n.). = 1-50 g.-mol./l./sec. At 760 mm. and 803° Abs., 
the number of molecules reacting per c.c. per sec. will be 2-1 x 10!7. The number of 
activated collisions calculated from the formula 2-5+/2no2an?2 . e—%/®? is 5-5 x 1017, 
which is in agreement within the limits of the calculation. At lower pressures the 
increased energy of activation will make it necessary to assume that the energy is dis- 
tributed among more than two squared terms. At higher pressures, on the other hand, 
the rate of activation by collision will be greater than the rate of reaction. At 300 mm. 
the discrepancy is about 20 times. An explanation of this is withheld. The anomaly is 
also apparent in the low value of E at higher pressures. The reaction proceeds for equal 
rates (equal ¢,) at about 40° lower than the decomposition of acetaldehyde, the energy of 
activation for which is ca. 50,000 cals. in the region of higher pressures. If the rate- 
determining factor were solely E/RT, we should expect an energy of activation of at 
least 45,000 cals. The discrepancy of ca. 6000 cals. is outside the limits of experimental 
error. It is worth noting that the only quasi-unimolecular decomposition showing an 
anomaly of this kind is the isomerisation of methyl maleate (Nelles and Kistiakowsky, 
J. Amer. Chem. Soc., 1932, 54, 2208), which, like acraldehyde, contains a system of con- 
jugated double bonds. Whether this is of real significance or not can only be determined 
by a study of other examples. 


SUMMARY. 


The kinetics of the thermal decomposition of acraldehyde have been investigated. 
The products in the region of 530° are butylene, ethylene, carbon monoxide, methane, 
ethane, and hydrogen. The reaction appears to be composite, and several independent 
quasi-unimolecular processes are superposed upon a bimolecular one. The plot of the 
reciprocal of the period of half change against the initial pressure has a segmented 
appearance. There is a relatively greater proportion of methane, ethane, and hydrogen 
among the products at lower pressures. The energy of activation of the reaction increases 
as the initial pressure falls. The molecular statistics of the process are discussed. 
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350. The Spectrum, Fluorescence, and Photochemical Decomposition 
of Acraldehyde. 


By H. W. THompson and J. W. LINNETT. 


THE correlation of photochemical measurements with observations on fluorescence and 
absorption spectra has rapidly advanced in recent years, but the mechanism of the photo- 
chemical decomposition of aldehydes and ketones is still uncertain. The earlier work of 
Henri and his collaborators on the absorption spectra of aldehydes (Compt. rend., various 
papers; Leipziger Vortrage, 1931, 1381; Henri and Schou, Z. Physik, 1928, 49, 774; de 
Hemptinne, J. Phys. Radium, 1928, 9, 357) has been supplemented by measurements on 
fluorescence (Leighton and Blacet, J. Amer. Chem. Soc., 1932, 54, 3165; 1933, 55, 1766; 
Herzberg and Franz, Z. Physik, 1932, 76, 720; Noyes, J. Chem. Physics, 1934, 2, 654, 717; 
Norrish et al., J., 1934, 1456). Photochemical measurements have been made by Bowen 
and Watts (J., 1926, 1607), Norrish (J., 1932, 1518; 1933, 119, 1533; 1934, 874, 1456), 
Damon.and Daniels (J. Amer. Chem. Soc., 1933, 55, 2363), Leermakers (ibid., 1934, 56, 1537), 
Smith (Carnegie Inst. Rep., 1928, 27, 178), Leighton and Blacet (loc. cit.), and Bowen 
(J., 1934, 1503, 1505). 

Hypotheses regarding the mechanism of the photochemical decomposition and poly- 
merisation of these compounds have been discussed, ¢.g., by Norrish (Trans. Faraday Soc., 
1931, 27, 391, 404; 1934, 30, 103), Mecke (sbid., 1931, 27, 359; 1934, 30, 200), and Noyes 
(Rev. Mod. Phys., 1933, 5, 280). There seems to be no doubt that decomposition occurs via 
a process of ‘‘ predissociation.”” Although many investigations favour the idea that free 
radicals are produced in the primary act of dissociation, this must still be accepted with 
reserve. Perhaps the most striking feature of the reactions is their very low quantum 
efficiency. In order to account for this, it has been suggested (Proc. Roy. Soc., 1934, 146, 
A, 260) that a process of “‘ delayed ’’ dissociation may be involved, allowing the possibility 
of deactivation or polymerisation before decomposition. An alternative, though not 
very different, view (Bowen, /oc. cit.) is that the excited state A attained after the absorption 
of light is inactive, and it is necessary that the molecule shall pass into a second state B 
before becoming unstable. The long life of the unreactive state A will give rise to fluor- 
escence, and will facilitate deactivation by collision or polymerisation. 

It is clear that further work with other aldehydes and ketones is desirable. The present 
paper deals with the photolysis of acraldehyde vapovr. Its absorption spectrum has been 
examined by Liithy (Z. physikal. Chem., 1923, 107, 285), and the products obtained on 
illumination with ultra-violet light by Berthelot and Gaudechon (Compt. rend., 1910, 151, 
1351). Otherwise no relevant data are on record. 


EXPERIMENTAL, 


The acraldehyde was purified as described in the preceding paper. 

The spectrographs used for measurements of the absorption spectrum were a Hilger E315 
instrument and, for greater dispersion, EI. The acraldehyde vapour was contained in a 
cylindrical glass tube of variable length, with plane polished quartz ends cemented on. The 
continuous source was a hydrogen discharge tube. 

In the fluorescence measurements, light of the desired frequency was allowed to impinge 
perpendicularly upon the side of a cylindrical quartz vessel 4 cm. in diameter and 5 cm. long. 
The vessel was viewed along its axis through the-plane polished ends. The cell was enclosed in 
one compartment of a blackened box constructed in the manner shown (Fig. 15) and the incident 
light could be filtered by interposing solutions held in cells in the other compartment. The 
pressure of the vapour was measured on a mercury manometer. The source of light was either 
a mercury-vapour lamp or a carbon arc. With the former, the filters used were as described 
by Bowen (J., 1932, 2236; 1934, 76). Cuprammonium sulphate and Chance’s black glass 
transmitted light of wave-length 3665 A., and a solution of cdbalt and nickel sulphates wave- 
lengths shorter than 3340 A. For wave-lengths ca. 3800 A., the carbon arc was used in conjunc- 
tion with 2 cm. of N/100-potassium permanganate, and Chance’s black glass. This combin- 
ation of filters transmits the intense cyanogen band at 3883 A. For the fluorescence measure- 
ments the acraldehyde was repeatedly fractionated in a vacuum. 
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The apparatus used for the photochemical work is shown in Fig. la. The quartz reaction 
cell was a cylinder 5 cm. in length, having plane polished ends 4 cm. in diameter. It was con- 
nected via capillary tubing and a ground joint (sealed with wax) to a mercury manometer, and 
to the remainder of the apparatus. A tube containing phosphoric oxide was attached to the 
reaction vessel and could be disconnected at T,. In entering the cell the acraldehyde vapour 
passed over phosphoric oxide. The apparatus was evacuated by a mercury diffusion pump 
backed by an oil pump. The quantum efficiency was determined by employing a solution of 
oxalic acid as actinometer, Leighton and Forbes’s values for the quantum efficiency of the sensi- 
tised decomposition of the acid (J. Amer. Chem. Soc., 1930, 52, 3139) being used. Wave-lengths 
3665 and 3135 A. were obtained by filtering the light of a mercury lamp, on the one hand, through 
cuprammonium sulphate and Chance’s black glass, and, on the other, through a solution of nickel 
chloride and one of potassium hydrogen phthalate as described by Bowen. 

The extent to which the change of pressure recorded on the manometer is a measure of the 
disappearance of acraldehyde was investigated by a method closely similar to that described in 
the preceding paper. 

The Spectrum.—The absorption spectrum was measured, pressures of 1—150 mm. being 
used in columns up to 1 m. in length. It has an extremely complicated structure, and only 
those features of the analysis which are relevant to the present investigation will be given here. 
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The first region of absorption extends from ca. 3800 to ca. 2900 A., and is characteristic of 
carbonyl compounds; it was studied by Liithy, with whose measurements ours are in agree- 
ment. A second and much stronger region of absorption begins at ca. 2330 A. and extends to 
shorter wave-lengths. This far ultra-violet region at first appeared continuous, but by using 
longer columns and lower pressures a few narrow diffuse bands can be seen at the long wave- 
length end of the continuum at intervals of ca. 300 cm.*. Scheibe, Povenz, and Linstrém 
(Z. physikal. Chem., 1933, B, 20, 283) have referred to a region of discrete banded absorption by 
ketones in the region of 2000 A. This may apply here, the system of conjugated double bonds 
causing a minor displacement towards the red, as occurs in the case of the longer-wave region. 
On the other hand, the far ultra-violet absorption may involve electronic excitation of the C—C 
link, 
The maximum absorption in the region 3800—2900 A. occurs at ca. 3450 A. At higher 
pressures, the middle of the region develops into one of continuous absorption, but this is prob- 
ably caused by an overlapping of bands. At lower pressures, bands can be observed over the 
entire range. If a continuous background such as is suggested for other aldehydes and ketones 
is superposed, it must be a very feeble one. The most striking feature of the band system is the 
occurrence of strong pairs with relatively weaker pairs interposed between them. The wave- 
number intervals indicate the excitation of a vibration frequency ca. 1260 cm.-!. This has been 
found in other aldehydes and ketones, and attributed to a normal vibration of the form 


R 








SC><0. At wave-lengths longer than the first intense pair (3687, 3683 A.), there are 
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many sharp narrow bands which appear to degrade to the red and to have fine structure. At 
3794 and 3866 A. are very intense bands. 

The most important matter from a photochemical aspect is to know whether predissociation 
of the molecule occurs. It is definite that at any given absorbing pressure the bands at the 
longer-wave end are sharper than those towards shorter wave-lengths. The point at which 
the diffuseness is first noticed is, however, not well defined, and appears to vary over the range 
3520—3600 A. in passing from lower to higher pressures. The significance of this, taken in 
conjunction with the fluorescence measurements, is discussed below. 

Fluorescence Measurements.—The fluorescence of formaldehyde, acetone, acetaldehyde, and 
propaldehyde has already been referred to, and it seemed a priori probable that similar relation- 
ships would be found with acraldehyde. The nature of the spectrum described above might also 
suggest a region of fine-structured absorption and the possibility of discrete re-emission. Pre- 
liminary measurements in which acraldehyde vapour was irradiated with light of wave-length 
3800—3000 A. failed to excite fluorescence. With incident light of 3800—3700 A., this result 
was rather surprising. In order to dispose of the possibility that the acraldehyde contained 
small traces of some impurity peculiarly efficient in quenching the fluorescence, the substance 
was repurified as already described; the results were unchanged. 

In order to test the efficiency of the experimental method, acetone vapour was introduced into 
the cell. Irradiation with light of wave-length 3000—3100 A. at once indicated the emission 
of the brilliant green glow reported by Norrish, by Damon and Daniels, and by Noyes. This 
appeared to establish the absence of fluorescence with acraldehyde, a result further substantiated 
as follows. 

The addition of small traces of oxygen instantaneously converted the green glow of acetone 
into a faintly blue one, as reported by the above workers. The addition of acraldehyde to 
fluorescing acetone vapour also quenched the green fluorescence, leaving the blue glow. With 
oxygen, the green glow reappeared after an interval of some minutes, depending upon the amount 
of oxygen added. The attainment of the maximum intensity of the glow was, however, rapid 
after the first signs of it had reappeared. With acraldehyde as added substance, the glow again 
reappeared after an appropriate interval, but the attainment of the maximum intensity after the 
first signs of the green colour had appeared was very slow. This difference removes the possible, 
though unlikely, chance of small traces of oxygen being introduced simultaneously with the 
acraldehyde vapour. The latter is much less efficient than oxygen in quenching the fluorescence. 

A detailed examination of the quenching of the fluorescence of aldehydes and ketones is in 
progress, but two matters relevant to the above should be mentioned. First, for equal pressures 
of oxygen or acraldehyde added to the same initial pressure of acetone, the time required for 
complete recovery of the green fluorescence is much greater for the latter than for the former. 
Secondly, during the quenching of the acetone fluorescence by oxygen or by acraldehyde, a 
decrease in pressure occurs. It appears that in the latter case acraldehyde is being photolysed, 
and when it has been completely removed the glow reappears. 

In order to discover whether the quenching action of acraldehyde is due to the presence 
in it of the double-bond system, similar measurements were made with ethylene. This had no 
quenching effect, and hydrogen, argon, and carbon dioxide were equally ineffective. 

The results show that, if visible fluorescence of acraldehyde can be detected at all, its intensity 
is far below that of acetone. 

Photochemical Measurements.—({1) The products of reaction. When acraldehyde vapour 
is irradiated with ultra-violet light, there is a decrease in pressure and a simultaneous deposition 
of a brownish-white solid. A microanalysis was made of a sample of the solid obtained by using 
light of wave-length 3000—3200 A. (Found : C, 56-9; H, 7-81; O, 35-29. Calc. for acraldehyde : 
C, 64-29; H, 7-14; O, 28-57%). Compared with acraldehyde, therefore, the solid has a deficit 
of carbon but excess of hydrogen and oxygen. The most satisfactory explanation, even if 
somewhat strange, is to suppose that the solid is a polymeride of acraldehyde containing ad- 
sorbed water, of formula (C,H,CO),,0-808H,O (Calc.: C, 56-9; H, 7-6; O, 35-5%). If the 
proportion of oxygen were slightly lowered and a little ethylene included, the figures might be 
brought into still closer agreement. The hygroscopic nature of substances of this type is well 
known. 

A second sample of the solid, stored in a vacuum desiccator for a week, had C, 58-94; H, 
7-41; O, 33-65 [Calc. for (C,H,CO),,0-564H,O : C, 58-94; H, 7-47; O, 33-58%]. The vacuum 
desiccation has therefore led to the removal of much of the adsorbed water and probably of 
adsorbed ethylene, and it may be concluded that the solid product is a polymeride of acralde- 
hyde, probably (C,H,CO),, containing a little adsorbed ethylene. 
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The gaseous products remaining after a prolonged illumination of acraldehyde vapour in two 
separate experiments were collected and analysed separately. Residual acraldehyde was first 
removed by washing successively with 33% caustic potash and dilute sulphuric acid, and the 
volume of gas remaining was measured. It was then treated with concentrated mercuric acetate 
solution to absorb unsaturated hydrocarbons (ethylene), and ammoniacal cuprous chloride to 
absorb carbon monoxide. There was asmallresidue. The results are as follows : 


Total volume, C6.C. ...cccccscccces 
Ethylene 

Carbon monoxide 

Residue 


The surprising feature of these results is the absence of ethylene or other hydrocarbons in the 
gaseous products in amount comparable with that of carbon monoxide. A similar conclusion 
was reached by Berthelot and Gaudechon. It is probable that the ethylene is adsorbed in the 
manner already suggested. 

The residues from several analyses were mixed and examined by combustion. With the 
small amounts of gas obtainable, complete analysis was impossible, but the contraction of roughly 
5 times the original volume, and the presence of carbon dioxide to the amount of about 3 times 
the original volume suggest the presence of hydrocarbons containing 2, 3, or 4 carbon atoms 
per molecule. The gas may be a mixture of ethane and butane. 

(2) Estimation of light absorbed. The Fic. 2. 
solid deposited during the course of the re- 
action forms a film on the incident face of 
the reaction cell. In estimating the light 
energy absorbed by the acraldehyde vapour 
it is necessary to allow for this. In an 
experiment with the 3665 A. line, it was 
found that during the run the intensity of 
the light emerging from the back face of 
the cell at first decreased rapidly and then 
slowly increased. Two opposing effects are 
involved : on the one hand, there is anin- 0 
creasing thickness of the film, rapid at first 
but tending to a steady value, and on the 
other hand, acraldehyde is slowly disappearing. The amount of light energy transmitted 
through the cell will be proportional to [1 — f(p, — p)]e*?, where p, is the initial pressure 
of acraldehyde and # its pressure at the given instant. The expression [1 — f(f) — ?)] 
relates to the extinction properties of the film, and e~? is connected with extinction by the 
acraldehyde vapour itself. The function f(p, — ~) must be such as to increase rapidly with 
increasing (p, — ~) from a finite value when (p, — ») = 0, and it must approach asymptotically 
another finite value when (p, — ~) is large. A suitable expression for this is «(1 — e#), where 
* = (py — p). Theintensity of light transmitted through the cellis then given by 

I, = A{l — a + ae Je, 
which can be reduced to I, = e-*pofa’ + b’ev*}ekr 
or, for a given initial pressure, I, = [a + be*)e** 

The constants a, b, yu, and k can be determined empirically from the experimental data. 

The light energy passing through the front face of the cell will then be given by J = 
(a + be-#*)e*Me, and that absorbed by the vapour by J; — J;. 

Fig. 2 shows the plot of J; as a function of x for a run with light of wave-length 3665 A. 
The most suitable constants are found to be a = 0-91, b = 0-80, u = 0-56, and k& = 0-0037. 
The following table shows the calculated and the experimental values of J, for various values of 
x; the agreement is satisfactory over the entire run. 

2 4+ 10 20 40 60 80 

. 1°16 101 0°95 0°97 1-04 1°13 1 

Fy CHEB. sccgecsavecdeddsesseseecassecs ; 1°18 101 0°95 0-98 1°05 114 1: 
* J, is expressed in terms of c.c. of standard oxalic acid solution decomposed in unit time. 
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In this way a curve may be drawn showing the relationship between (J; — J,) and %; this is 
required for the estimation of the quantum efficiencies. 





1456 Thompson and Linnett: The Spectrum, 


Similar expressions were found for the subsequent runs. 

(3) The relation between pressure decrease and disappearance of acraldehyde. This was 
examined by the method outlined previously, in the following circumstances: (I) with initial 
pressures of 140—150 mm. and light of wave-length 3000—3200 A.; (2) with initial pressures of 
60 mm. and similar light; (3) with initial pressures of 140—150 mm. and light of wave-length 
3665 A. The results of Expts. (1) and (2) are summarised below : 


Initial press., Final press., Acraldehyde Final press., Acraldehyde 
Po mm. mm. press., mm. % Pe press., % Po 
f 142 130 127 91°6 89°5 
149 79°8 
152 69°0 
155 63-2 
149 47-0 
143 46°9 
143 35°7 
27°3 
\ 22°3 


(2) 
| 


The figures of col. 4 are obtained by knowing the pressures of acraldehyde equivalent to 
1 c.c. of iodine. If the figures of col. 5 for Expt. (1) are plotted as ordinates against those of 
Fic. 3. col, 4 as abscisse, a curve (a, Fig. 3) is 
100 obtained which, although at first nearly 
mite linear, cuts the abscissa axis at a notice- 
@ Initial pressure 146mm. able distance from the origin. If only 
a 7 » 60mm. solid products were formed in the photo- 
lysis, the line would pass through the 
origin. The results consequently imply 
that gaseous products are formed, but 
oy that the polymerisation to solid pro- 
rt ducts is predominant. That the curve 
Ye is not linear but falls away during the 
ff later stages of the reaction, would be 
“Z expected if the absorption of light energy 
rx =” leads to excited molecules of long life. 
/(@) fa) At the higher pressures there will be 
: more molecular collisions leading to 
polymerisation, and at lower pressures 
, a greater tendency for unimolecular de- 
4 composition. This hypothesis is borne 
Ps f. out by the results of Expt. (2). 
DD 40 60 0 Owing to the greater difficulties of 
Total pr analysis at the lower pressures used here 
x-100* pressure ae tor F. ve ‘ 
Initial pressure the curve for Expt. (2) (Fig. 3, curve D) 
is less satisfactory, but it is clear that 
it lies below the previous one, 1.e., the tendency for dissociation is greater at the lower 


pressures. 
Some results of similar measurements with light of wave-length 3665 A. are given below : 


Initial press., Final press., Acraldehyde Final press., Acraldehyde 
Po» mm. . press., mm. % Po press., % Po. 
144 106 76°4 73°6 
142 73 52°9 51°5 
145 65 46°9 44°8 
143 45 34°3 31°5 
144 29 21°5 20°2 


The curve in this case lies above that obtained above with light of higher frequency and corre- 
sponding initial pressures, which implies that the higher the frequency the greater the ratio of the 
amounts of dissociation and polymerisation. 
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(4) Quantum efficiencies. The quantum efficiency of the decomposition was first determined. 
It is necessary to obtain an expression by use of which the rate of production of carbon monoxide 
may be obtained from the rate of total pressure decrease. If no decomposition giving gaseous 
products occurred, the equation of the line of Fig 3 would be y, = x; actually itisy, = mx + c. 
Then yg — y,; = (1 — m)x —c. For light 3665 A. and initial pressure 150 mm., (vy, — ¥;) = 0 
when x = 100, and (y, — y,;) = 1-5 when x = 50. Then m = 1-03 and c = — 3, so that 
(ve — ¥;) = 3 — 0-03%. Then, if p, is the initial pressure, p the total pressure at the given 
instant, p, the partial pressure of acraldehyde, and p,, that of carbon monoxide 


(V2 — ¥1) = 100(p — bq) /Po- 


Now, the analyses given previously show that carbon monoxide formed 95% of the gaseous 


products. Therefore 
105p¢0/Pp = 3 — 0-03 x 100D/Dy 


1.€., Poo = 0-029), — 0-029p 
therefore Apgo|dt = — 0-029 dp/dt. 


A similar expression for the results at wave-length 3135 A. involves the proportionality constant 
— 0-067. 

Table I shows the course of a run at room temperatures with light of wave-length 3665 A., 
t being in minutes and — Ap in mm. The barometric pressure was measured at frequent 
intervals during the run and the pressures suitably corrected. 


TABLE I. 
Initial pressure = 131°5 mm. Temperature = 17°. 
—Ap. t. —Ap. t. —Ap. t —Ap. t. —Ap. t. 
4 118 “ 305 10°0 468 20°7 622 31°9 1387 
144 ‘ 332 11°5 489 22°0 640 33°3 1423 
210 , 374 14°3 510 23°5 668 35°7 1470 
‘ 230 4 412 16°6 539 25°7 696 38°1 1505 
‘ 247 : 444 18°9 597 30°0 1355 82°0 1542 
0- 281 8: 

After the vapour of acraldehyde had been introduced, it was allowed to remain for 2 hours 
before irradiation in order to show that the thermal polymerisation was negligibly slow. There 
are slight indications of autocatalysis during the early stages of a run, but we do not think that 
this is of significance. 

The method of calculating the quantum efficiency is as follows. When the pressure has 
fallen 20%, i.e., by 26-3 mm., the rate of pressure decrease is 4-36 mm./hr. Therefore, during 
the interval of 2 hrs., one hour before and one after the point of 20% pressure decrease, the fall 
in pressure is 8-72 mm. During this period the light absorbed was equivalent to 0-75 c.c. of 
N/10-permanganate. This corresponds to 0-78 x 10“ g.-mol. quantum. Now a change of 
8-72 mm. total pressure in 2 hours is equivalent to the production of 8-72 x 0-029, i.e., 0-253 mm., 
of carbon monoxide in the same period. For a volume of cell 63 c.c. at 290° Abs., this is 8-81 x 
10’ g.-mol. The quantum efficiency is then 1-13 x 10-*. 

Similar calculations made at other stages of the reaction gave a mean value of 1:3 x 10°. 
A second run gave somewhat lower values : 

Press. change, % 20 30 40 

y X 10° p 0°89 0°88 0°83 Mean 0°84 
The difference may be due to the inaccuracies and complications introduced by the film, but there 
can be no doubt that the quantum efficiency of the decomposition with light of wave-length 


3665 A. is of the order 10-*. 
Table II summarises three runs at wave-length 3135 A. 


TABLE II. 


2. Run 3, 
148 mm. Initial press. 149 mm. 


p. 


Run 1. Run 
Initial press. 146 mm. Initial press. 
At. At. . At. , . Ap. At 
0 60 ’ 0 76 0 
3 . 15 . 18 . 10°6 3 
14 ‘ 91 “ 30 . 15°4 15 
29 1 107 ; 41 4 19-0 30 
43 119 . 57 , 22-0 44 
60 
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A difficulty arises in calculating the quantum efficiency from the data at the above wave- 
length, since the reaction proceeds too rapidly to permit measurements on the extinction by the 
film as described for the longer wave-length. Accordingly, the light energy transmitted by the 
film after complete deposition was measured, and the quantum efficiency was determined by 
assuming either (a) that the deposition of the film was uniform with pressure decrease, or (b) 
that a complete film was present from the start. The actual state of affairs will lie between 
these limits. The results are given in the following table. 


Decrease of pressure, %. (a). (b). 

ED siciameiviceantaols : = on a 
BENNIE EE exctnenscdcusecnsinedces { " ae ae 
ne ve ee pb 4 = 
Mean 0°14 0°17 


The mean of the two values is 0-15, and the agreement is satisfactory in view of the necessarily 
approximate nature of the method. 

An estimate was also made of the quantum efficiency of the polymerisation. The rate of 
total pressure change dp/dt is composed of two parts, — dppoty./dt and dpjec,/dt, the rates of 
pressure change accompanying polymerisation and decomposition respectively. Now, 1 vol. 
of acraldehyde gives 1 vol. of carbon monoxide plus 0-05 vol. of other gases. Therefore 


~ Ap acc, |at = (dpco /at) /20 


But, for the 3665 A. line, dpeo|dt = — 0-029 dp/dt 
therefore AP aec,/dt = 90-0015 dp/dt 

But — dp|dt = — dppery./dt + dpacc,|dt 
therefore APpoty,/dt = 1-0015 dp/dt. 


Then for the experiment with wave-length 3665 A., after 20% pressure change, dp/dt = 8-72 
mm. per 2 hrs., whence dppoiy,/d¢ = 8-73 mm. per 2 hrs. Hence the number of g.-mols. 
which polymerise is 3-04 x 10--in2hrs. The light absorbed in this period is 0-78 x 10~ g.-mol. 
quantum; the quantum yield is therefore 0-39. Values calculated for this wave-length at 
different stages of the reaction and in different runs were 0-31, 0-39, 0-48, 0-58, 0-53, 0-42, 0-27, 
0-31, 0-32, 0-29, the mean being 0-39. The calculations for wave-length 3135 A. are similar. 
A uniform deposition of film being assumed throughout, the mean value is 2-2, or if a completed 
film is present throughout, the value is 2-6, giving a most probable mean of 2-3. 


DISCUSSION. 


The results given above fall into line completely with those found for other aldehydes 
and ketones, with one exception. Whereas the nature of the absorption spectrum, the low 
quantum yield for decomposition, and its increase with increasing frequency of the incident 
light, and the tendency for polymerisation, are as might have been expected, yet there is 
apparently no fluorescence, even when the exciting frequency corresponds to the region 
of sharp bands. The photochemical measurements, in addition to the spectral data, 
suggest that absorption of light leads to an activated molecule which cannot easily decom- 
pose spontaneously. The process of dissociation appears to occur far less frequently than 
either deactivation by collision or, and more probably, polymerisation. In such circum- 
stances, however, if an excited molecule of long life is formed, fluorescence should be 
detected. It might be possible to explain the observed result by supposing that the energy 
of activation becomes rapidly delocalised in the aldehyde molecule, 7.e., is internally 
degraded. The system of conjugated double bonds in the molecule might be responsible 
for this effect, which would also account for the quenching action of acraldehyde vapour on 
the acetone fluorescence. Further examples are being examined to test this hypothesis. 

Several points relating to the experimental results should be mentioned. First, the 
values of the quantum efficiencies are admittedly approximate, but the approximations 
do not affect the order of magnitude. Secondly, if the polymerisation proceeds via the 
mechanism 

C,H,O + hv —> C,H,O* 
C,H,O* + C,H,O --—> polymeride 
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the quantum efficiency measured should be rather smaller than 2. Several causes may 
contribute to the somewhat higher value found (viz., 2-3), such as (i) adsorption of acralde- 
hyde vapour by the solid polymeride, (ii) some formation of the triple polymeride. Again, 
it should be observed that there is a slight, if small, decomposition with light of wave- 
length corresponding to the sharp bands. 

It would be interesting to determine the quantum efficiency in light of wave-lengths 
corresponding to the second shorter-wave region of absorption. 


SUMMARY. 


The absorption spectrum of acraldehyde vapour has been measured over the range 
2000—7000 A. Two regions of absorption have been detected, (a) from ca. 3800 to ca. 
2900 A., and (d) from 2320 A. to shorter wave-lengths. Region (a) is attributable to elec- 
tronic absorption by the carbonyl group. A preliminary analysis of the band system (a) 
has been made. An attempt to excite fluorescence of acraldehyde vapour by irradiation 
with ultra-violet light corresponding to the first region of absorption was unsuccessful. 
The photochemical decomposition and polymerisation have been studied with light of 
wave-length 3665 A. and 3135 A. The quantum efficiency of each rises in passing from 
longer to shorter wave-length, but that of the decomposition is surprisingly low. The 
facts are discussed in relation to current photochemical theory. The possibility of internal 
degradation or delocalisation of energy in the molecule is discussed. 
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351. The Composition and Properties of Precipitated Nickel and 


Cobalt Sulphides. Part I. 
By A. W. MIDDLETON and A. M. Warp. 


ALTHOUGH nickel and cobalt sulphides are not precipitated from mineral acid solutions, 
yet the precipitated sulphides are only sparingly soluble in these media; this peculiar 
behaviour has not been accounted for satisfactorily. The sulphides precipitated from 
alkaline sulphide solutions are usually written as NiS and CoS, but there is meagre evidence 
in support of the formule. The results of Thiel and Gessner (Z. anorg. Chem., 1914, 86, 56) 
agreed fairly closely with this formula for nickel sulphide; Baubigny (Compt. rend., 1882, 
94, 1417) had, however, found the atomic proportion Ni:S to be ca. 1:1-14. Thiel 
and Gessner concluded that nickel sulphide exists in three forms, all NiS: the first («), 
precipitated in absence of air, dissolves readily in cold 2N-hydrochloric acid with evolution 
of hydrogen sulphide, the second (8) is soluble in boiling 2N-acid, and the third (y) is in- 
soluble but dissolves in presence of an oxidising agent. They considered that the trans- 
formation of the a- into the 8- and the y-form was accelerated by dilute acetic acid in 
absence of air, or by exposure to air. Herz (Z. anorg. Chem., 1901, 27, 390; 28, 342) 
observed that, in presence of air, wet freshly precipitated cobalt or nickel sulphide evolved 
hydrogen sulphide on treatment with N-hydrochloric acid, but it slowly became insoluble, 
and after several days the wet sulphide had become partly oxidised to sulphate. Although 
they appear to have neglected this aspect of the problem in the interpretation of their 
results, Thiel and Gessner stressed the fact that nickel sulphide precipitated in presence of 
air is oxidised very readily (cf. also Ephraim, Ber., 1923, 56, 1885, on oxidation of nickel 
ammonium sulphides). 

In the present study, sulphides were prepared from solutions of nickel, cobaltous, 
hexamminocobaltous and hexamminocobaltic chlorides, by means of hydrogen sulphide, 
both in presence and in absence of air. The sulphide preparations to which air had access 
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at any stage before drying was complete contained oxygen, hydrogen, and small amounts 
of nitrogen. The values of x, y, and z in the empirical formula, MS,O,H,(NH3),,, of the 
air-dried sulphides are shown in Table I. The totals of the individual percentages of the 
elements on which the formule are based are shown in the last column. ~ 


TABLE I. 


Preparation. . y- 2 Total, %. 


From NiCl,, p . 11 1°76 100°8 
Y . 1°63 1°52 99°7 


1°62 1°61 100°7 

1°59 1:18 100°3 

2°10 1°37 99°1 

2-22 1°70 100°4 

Co(NH;) ,Cl,, r . 2°95 2°36 100°4 

»  Costearate ° 1°72 1°31 99°9 
Co(NH;),Cl;, p ‘ 2°83 1°87 101-9 

q . 3°19 2-22 100°7 

6°39 3°76 101-6 


In experiments marked #, the sulphides were precipitated in nitrogen and dried in air, 
the results being the mean of a number of determinations with different preparations; 
preparations marked g were as in p, except that the sulphides were precipitated in presence 
of air; preparations 7 were as in g, but the complete analyses were made on a single sample. 

In all cases the proportion of sulphur was considerably greater than required for NiS 
or CoS, and for the tervalent cobalt complexes it exceeded that for Co,S,. Determinations 
of uncombined sulphur in the precipitates showed a negligible amount to be present. 
The atomic proportion of oxygen was never less, and usually considerably greater, than 
that of sulphur, becoming particularly high in the sulphides derived from tervalent cobalt. 
The sulphide made from hexamminocobaltous chloride, which is readily transformed into 
cobaltic compounds, contained oxygen comparable in amount with the cobaltic series. 
The atomic proportion of hydrogen was usually intermediate between that of sulphur and 
oxygen. Its presence may be due to combined water, hydroxyl or hydrosulphide radicals. 
Water of crystallisation is not usually present in very sparingly soluble substances, and the 
sulphides did not undergo any marked change in weight when the temperature at which they 
were dried was raised from 110° to 150°. In all preparations in aqueous media, ammonia 
and, in consequence, hydroxyl ions were present. Accordingly another sample was pre- 
pared by passing dry hydrogen sulphide into a solution of cobaltous stearate in dry benzene; 
after being washed with benzene and dried in an air-oven, it agreed closely in general type 
with sulphides prepared in presence of water and of hydroxyl ions. Support is therefore 
given to the view that hydrogen is initially present as the hydrosulphide radical. Manchot 
and Gall (Ber., 1929, 62, 678) formulated a sulphide initially formed in water as Ni(SH)p. 

It was found, by adding the cobalt solution to a considerable excess of aqueous hydrogen 

sulphide, that negatively charged cobalt sulphide sols were formed. They were coagulated 
by continued addition of cobalt ions, or their co-ordinated forms. The presence of small 
amounts of ammonia (w = 0-02—0-09) in the precipitates is accounted for by the presence 
of adsorbed amminated cobalt or nickel. 
__ The presence of oxygen most probably was due to oxidation of the hydrosulphide 
initially formed. The sulphides were therefore prepared, dried, and weighed with oxygen 
exclusion, and the total percentages of metal and sulphur were thus greatly increased as 
shown in Table IT, in which values of x relate to the sulphide MS,. 


TABLE II. 
Nickel sulphide. 
“94-2 94°5 94-6 96-9 97-7 98°7 
1-22 1-18 1°14 1:18 1-12 1-08 
Cobaltous sulphide. Cobaltic sulphide. 


92°7 “88-6 89°6 95-7" 
0-91 1-52 1-56 1-47 


~ 
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Generally, the higher the total percentage of metal plus sulphur, the more nearly did 
the precipitates approach the compositions NiS, CoS, and Co,S,, but the ratios of sulphur 
to metal were usually greater than required by these formule. It is difficult to prepare 
and keep water free from dissolved oxygen, for this gas is almost instantaneously absorbed 
to saturation (Mears and Evans, J. Soc. Chem. Ind., 1933, 52, 3497), and the introduction 
of this factor during manipulations probably accounts for the deviations. 

The behaviour of the various sulphides towards hydrochloric acid has received a 
preliminary examination. The percentages of total metal in the air-dried sulphides 
dissolved in successive extractions (indicated by Roman numerals) with 2N- and then with 
12N-acid, during one or more days, are shown in Table III. 


TABLE III. 


Sulphide. Prepn.* 2N-Acid. 12N-Acid. 
' II. III. ° . VI. VII. 
Nickel (A) (1) (0) 9 8 


Cobaltous (B) (1) () @ 3°5 1 
(ii) 8 ; “5 








56 2°5 
(B) (1) (@) 47°5 15 
Cobaltic (C) (1) (0) 84 9 
* See pp. 1464—1465. 


Sulphur dissolved mainly as sulphate; possibly small amounts of free sulphur were 
liberated, and traces only of hydrogen sulphide were detected. The largest portion of 
metal dissolved in the first extract, and the amount of metal dissolved from the cobalt 
sulphides ran parallel to the oxygen content of the sulphide. In the initial extraction, the 
ratio metal to sulphur generally considerably exceeded that required for MSOQ,, but in the 
subsequent extractions it was generally less than required by this formula. The dry 
sulphides were oxidised almost completely to sulphates after exposure to air at room 
temperature for 2 years. 

The wet sulphides, prepared from nickel and cobaltous solution, and kept in nitrogen, 
dissolved rapidly and extensively in 2N-hydrochloric acid; the solubility of cobaltic 
sulphide was much lower. They all became less soluble, however, with increasing time ; 
the results on 12 preparations of sulphides, showing the percentages soluble after standing 
for 14 or 30 mins., are given below : 


Sulphide. Nickel. Cobaltous. Cobaltic. 


% Soluble after 1:5 mins. .................- 87°7, 83°6 92°6, 88°4 56°1, 52°71 
” » 30 71-1, 62-1 84-1, 81-1 45°8, 44-4 


The cause of this ageing effect, whether it be due to chemical change or to physical (as 
postulated by Thiel and Gessner), has not yet been examined. 

Sulphides, prepared without :ontact with oxygen, dissolve with evolution of hydrogen 
sulphide. The percentages of sulphides dissolving on treatment with 2N-acid, based upon 
the estimation of M, and the value of x in the formula MS, derived from the estimation of 
the metal and the hydrogen sulphide evolved, are shown below : 


Nickel. Cobaltous. Cobaltic. 
“, —_—", =—«_——, 
58°6, 49°1, 30°1, 45°5 56-0, 35°3 30°0, 30°8 
— — 0°48, 0°31 0°72, 0°57 0°82, 0°82 


Sulphide. 





The relatively low solubilities are probably due in part to the ageing effect, for varying 
times were needed for manipulation—in all cases greater than those required in the pre- 
ceding experiments. The low relative value of sulphur to metal may be due to presence 
of oxygen in the water and acid used in this set of experiments; a part of the sulphide 
would thereby be oxidised and dissolve with production of metal and sulphate ions, whilst 
the non-oxygenated part would dissolve with production of metal and sulphide ions. To 
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illustrate further this effect of oxygen in diminishing the value of x, precipitates prepared 
in nitrogen were exposed to air for 30 mins. and then treated with 2N-hydrochloric acid : 


Sulphide. % Soluble. #. 


01 
Cobaltous z 0-0 
Cobaltic 0:0 


Discussion and Summary of Results. 


The experimental results are consistent with the following mechanisms, which will 
be made the basis of the development of the study of these reactions. 

(1) Sulphides are formed, with air exclusion, by reactions Ni + 2HS’ —-> Ni(SH), 
(and similarly for Co"); Co** + 3HS’ —> Co(SH)s. 

The metallic ions reacting are doubtless amminated, and interaction in part with S” 
ions probably proceeds with formation of NiS, CoS, and Co,Ss. 

(2) These sulphides, dried in nitrogen, are NiS, CoS, and Co,Sg. 

(3) In presence of oxygen, variable addition takes place initially at the sulphur atoms, 


O O 
e.8., ni(s<_) j co(se_ , accompanied by intramolecular rearrangement. Further 
2 3 


O 

addition can proceed at the sulphur atom, ¢.g., co( s$0) , and mixed forms can be 
H/, 

obtained. 

Under the conditions of formation employed in presence of air, cobaltous cobalt tends 
to change into the cobaltic state, and this accounts for the greater variability in composition 
of ‘‘ cobaltous sulphide ”’ than of “ nickelous sulphide,”’ and the similarity of results in some 
cases between analyses of “‘ cobaltous sulphide ” and of “ cobaltic sulphide.”’ 

(4) Drying the oxygenated sulphides results in a partial elimination of hydrogen 
sulphide and of water, and further oxygenation may proceed. 

(5) The undried sulphides M(SH), initially formed are soluble in dilute acid with 
generation of hydrogen sulphide: M(SH), + 2H°——> M” + 2H,S. Similarly, Co(SH), 
affords Co” + 3H,S accompanied by the reaction 2Co™” + H,O —> 2Co” + 2H" + O, 
and the available oxygen oxygenates a part of the sulphide, which then dissolves as 
under (7). 

(6) The sulphides (1) formed initially change on ageing into much less soluble forms. 

(7) The dried and undried oxygenated sulphides, which are the substances usually 
obtained in qualitative analytical procedure, dissolve without hydrogen sulphide 
evolution—the metal by direct acid attack, and the sulphur by further oxidation to 
sulphate. 

EXPERIMENTAL. 


Materials.—Nickel and cobalt chlorides (iron-free) were the purified commercial salts. 
Hexamminocobaltic chloride was prepared as described by Biltz and Biltz (‘‘ Ubungsbeispiele 
aus der Unorganischen Experimentalchemie,” 1920, p. 168, 10). 

Hexamminocobaltous chloride was obtained in almost quantitative yield from a solution of 
cobaltous chloride (10 g.) in cold ethyl alcohol (100 ml.) placed in A (Fig. 1); B was replaced 
by a tube, dipping into the solution, through which ammonia gas was introduced, the apparatus 
being first filled with nitrogen. After precipitation was complete and the liquid had cooled, the 
precipitate was filtered off into D in an atmosphere of nitrogen, washed with ether, quickly 
transferred to 4 vacuum desiccator, and dried at room temperature. Surface discoloration took 
place when it was placed in the desiccator. 

In the preparation of cobaltous stearate, stearic acid (53 g.) was dissolved in isopropyl] alcohol 
(750 ml.), and water (200 ml.) added. The stirred solution, after neutralisation by N-potassium 
hydroxide, was treated dropwise at 60° with a solution of cobaltous chloride (25 g.) in water 
(200 ml.) and isopropyl alcohol (250 ml.). The cobaltous stearate was filtered off, washed with 
boiling water, and then with hot isopropyl alcohol. It was dried at 105°, and finely powdered ; 
yield 45 g. 
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The nitrogen used was the commercial gas, washed through alkaline pyrogallol, and then 
passed through an empty trap. 

Hydrogen sulphide was prepared from sodium sulphide and phosphoric acid in an atmosphere 
of nitrogen, and, after passing through water and a cooled trap to remove spray, it was absorbed 
in air-free water contained in a blackened flask C; this was then closed and attached as shown 
in Fig. 1. The concentration of the hydrogen sulphide solution varied from about 0-05 to 0-15N, 
and changed but slightly after several months’ storage in contact with nitrogen. 

Composition of Precipitates. 

(A) Nickel Sulphides.—1. Dried in air. (ap The apparatus shown in Fig. 1 was used; A 
was of 300 ml. capacity. Nickel chioride (0-2—0-5 g.) and ammonium chloride (1—3 g.) were 
weighed into a float, which was placed in A. The apparatus was evacuated, then filled with 
nitrogen, and the operations thrice repeated. Freshly boiled and cooled water (60 ml.) and 
2N-ammonia (1-25—3-5 ml.) were added from E, and, after the salts had dissolved, hydrogen 
sulphide solution (50—120 ml.; 0-06N) was 
added dropwise and with swirling from B. 
After standing for 30 mins., the precipitate was 
filtered off, washed with 6 portions of 60 ml. of 
boiled water, and then with alcohol and ether; 
all operations were carried out in an atmo- 
sphere of nitrogen. The crucible was detached 
and dried in an air-oven at 110° for 3—4 hrs. 
One preparation weighed 0-0861, 0-0860, and 
00856 g. after 1, 14, and 5} hrs.’ drying at 
110°, whilst in a second experiment at 110° 
the weights were 0-1015, 0-1014, and 0-1023 
g. after ?, 2, and 6} hrs.’ drying. 

The dried precipitate was powdered with 
5 ml. of a 30% w./v. solution of bromine in 
carbon tetrachloride. After it had stood for 
10 mins., 5 ml. of concentrated nitric acid were 
added, and when the initial vigorous reaction 
had subsided, the solution was evaporated 
nearly to dryness; concentrated hydrochloric 
acid (10 ml.) was then added and the evapor- 
ation repeated. The cold diluted solution 
(700 ml.) was precipitated by means of barium 
chloride, and after standing over-night, the 
barium sulphate was filtered off and weighed. 
Nickel dimethylglyoxime was precipitated from 
the filtrates (Found: Ni, 46-3, 43-1, 50-4, 49-6; 
S, 30-4, 29-4%). 

For the determination of oxygen, the sulphide (ca. 0-1 g.) was weighed in a copper boat and 
heated in a silica tube in a current of hydrogen; the hydrogen was purified from oxygen by 
passing over platinum gauze and was then dried through phosphoric oxide. The silica tube was 
packed beyond the boat with copper wire to retain any hydrogen sulphide or sulphur liberated ; 
blank determinations on pure sulphur showed that it was completely retained by the copper. 
The water evolved was collected in a U-tube containing phosphoric oxide, followed by a guard 
tube. All the analytical results for oxygen, hydrogen, and ammonia immediately following 
relate to separate sulphide preparations (Found: O, 21-3, 22-4, 21-6, 21-2%). 

In the determination of hydrogen, the sulphide (approx. 0-1 g.) contained in a copper boat 
was mixed with 3—4 g. of dried red lead, and heated in a hard-glass tube, containing a plug of 
asbestos (Borphy, Ind. Eng. Chem., Anal., 1931, 3, 13), in a current of dry oxygen. The water 
was collected as above (Found: H, 1-70, 1-25%). 

Ammonia was estimated by heating the weighed sulphide (ca. 0-1 g.) with concentrated 
sulphuric acid (3 ml.) and potassium sulphate (1 g.) for } hr., and then transferring the solution 
to a micro-Kjeldahl distillation apparatus (Found: NHsg, 0-49, 0-17%). 

Chloride was tested for by heating the sulphide with concentrated sulphuric acid, and collect- 
ing the gases in sodium hydroxide solution, which was then made acid with nitric acid and silver 
nitrate added; a precipitate was not obtained in any experiment. 
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(b) A single preparation was made and analysed completely. Nickel chloride (4 g.) and 
ammonium chloride (20 g.) were dissolved in water (2} 1.) containing 2N-ammonia (25 ml.). 
Hydrogen sulphide was passed through the solution for $ hr.; after standing for 4 hr., the 
liquid was decanted from the precipitate, which was thrice washed by decantation. It was 
filtered off, and well washed first with water and finally with alcohol and ether. After drying 
at 110° for 5 hrs., it was powdered and analysed as above (Found : Ni, 46-79; S, 30-48; O, 20-80; 
H, 1-29; N, 0-37; Total 99-73%). 

2. Prepared and dried in nitrogen. The sintered-glass crucible D and attachments were 
replaced by H (Fig. 2), which was made entirely of glass with a sintered diaphragm. The funnel 
E was replaced by a tube connected to a flask containing water which had been boiled, cooled, 
stored, and transferred to the apparatus in contact with nitrogen. 

Nickel chloride, ammonium chloride, and ammonium hydroxide were introduced as in (a), 
and precipitation was similarly effected. After the precipitate had been filtered off and well 
washed, the taps of H were closed. It was transferred to an air-oven, reconnected to the 
nitrogen supply, and dried for about 4 hrs. at 110° in a current of the gas. The apparatus, with 
taps closed, was weighed, the precipitate transferred to a tared beaker, and the apparatus 
re-weighed; the precipitate (ca. 0-1 g.) gained 1—5 mg. in weight during 15 mins.’ contact with 
air. It was dissolved, and sulphate determined, as previously. Nickel was estimated in an 
aliquot portion of the filtrate by adding 2N-sodium hydroxide to the boiling solution until a 
precipitate just formed, followed immediately by 50 ml. of a 20% w./v. solution of ammonium 
acetate to dissolve the precipitate. 12 Ml. of a 2% solution of 8-hydroxyquinoline in N-acetic 
acid, diluted with 50 ml. of 2N-ammonia, were stirred in. After 10 mins.’ boiling, the nickel 
complex was filtered off, well washed with hot water, and estimated volumetrically (Fleck, 
Greenane, and Ward, Analyst, 1934, 59, 325) (Found : Ni, 62-1, 60-6; S, 36-6, 37-1%, respectively 
in two preparations). In four experiments in which water was stored under nitrogen but poured 
into E which had been swept out with the gas, the nickel content was lower (Found: Ni, 56-0, 
59-0, 58-3, 57-5; S, 38-2, 37-9, 36-3, 37-0%). 

(B) Cobaltous Sulphides—1. Dried in air. (a) The procedure for precipitation, filtration, 
and drying was as in (A) 1. (a). The precipitate, dried at 100° for 3, 5, and 10 hrs., weighed 
0-1172, 0-1133, and 0-1145 g.; it was then heated at 150° for 5 hrs., and weighed 0- 1104 g. No 
free sulphur could be extracted from the precipitate by carbon disulphide. 

The precipitate was dissolved and the sulphur determined as for nickel sulphide. Excess 
barium was precipitated from the filtrate, cobalt was then removed as cobaltic hydroxide, well 
washed, dissolved in hydrochloric acid, the solution evaporated, and cobalt determined electro- 
lytically (Found: Co, 44-4, 47-7; S, 32-6, 32-4%). 

(6) Preparations were also made from about 0-2 g. of cobaltous chloride and ammonium 
chloride (20 g.) in water (100—250 ml.) by reaction with hydrogen sulphide gas or solution. 
The precipitates from 7 preparations were each dried and analysed as above (Found: Co, 46-0, 
44-2, 45-7, 47-5, 42-4, 44-4, 43-3; S, 30-8, 28-2, 36-3, 36-5, 34-3, 39-6, 38-4%). To determine 
if the composition changed during drying, two analyses were made of the wet sulphide im- 
mediately after it had been washed (Found: Co:S = 1: 1-69, 1-61). The ratios in the above 
series vary from 1-18 to 1-64. 

The amounts of oxygen found in individual preparations by procedures (a) and (b) were : 


a. a. b. b. b. b. b. b. 
20°6 16°0 211 20°2 18°5 22°9 19°6 17°4 


The percentages of hydrogen in the precipitates varied from 1-04 to 1-52, and of nitrogen from 
0-71 to 0-99. Chlorine was absent in all cases. 

(c) (i) A single preparation for analysis was made from cobaltous chloride (6-5 g.) as in 
(A) 1. (6) (Found: Co, 41-71; S, 31-63; O, 25-06; H, 1-29; N, 0-69; Total, 100-38%). 

(ii) The preparation was repeated, but the cobaltous chloride (6-5 g.) was contained in 800 ml. 
of solution (Found : Co, 44-47; S, 27-81; O, 25-26; H, 1-13; N, 0-47; Total, 99-14%). 

(iii) The sulphide was also prepared from hexamminocobaltous chloride (4 g.), water (2 1.), 
and ammonium chloride (20 g.) (Found: Co, 39-28; S, 27-33; O, 31-46; H, 1-70; N, 0-59; 
Total, 100- 36%). 

Cobalt in this set of experiments was determined by conversion of the sulphide into sulphate 
by evaporation with concentrated sulphuric acid. 

(d) Hydrogen sulphide, dried by means of warm glycerol and phosphoric oxide, was passed 
into a solution of cobalt stearate (0-4—8 g.) in benzene (560—1000 ml.) at 70°; the solution was 
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contained in a flask, the outlet tube of which was attached to tubes containing phosphoric 
oxide. The cobalt sulphide was washed by decantation with dry benzene, filtered off, washed 
with dry benzene, and dried in an air-oven at 110° for 1 hr. (Found, in four preparations: 
Co, 39-4, 39-8, 40-8, 39-5; S, 21-7, 24-8, 26-0, 28-4% respectively). A fifth preparation was 
analysed completely (Found: Co, 45-8; S, 31-7; O, 21-4; H, 1-02; Total, 99-9%). 

2. Prepared and dried in nitrogen. The technique was the same as for (A) (2), with the 
more rigid conditions of washing. Cobalt was determined by means of 8-hydroxyquinoline 
(Found : Co, 61-9, 58-1; S, 30-8, 33-9%, respectively). 

(C) Cobaltic Sulphides.—1. Dried in air. (a) The sulphide was precipitated from an aqueous 
solution of hexamminocobaltic chloride by hydrogen sulphide solution, as in (B) 1. (6), but 
ammonium chloride and ammonia were not added in any of this series of experiments. Chlorine 
and free sulphur were absent from the precipitates. Cobalt and sulphur were determined in 
each dried sulphide prepared; figures in the same vertical column refer to the same specimen : 

46°1 35°7 33°1 32°8 26°4 44°4 
35°5 32°7 22°1 22°4 40°3 21°8 


The results for oxygen, hydrogen, and nitrogen on different preparations were: O, 29-3, 40-4, 
29-6, 27-3; H, 1-28, 1-80; N, 0-80, 0-93, 0-70, 0-91, 0-66%. 

(b) Hexamminocobaltic chloride (4 g.) was dissolved in water (2 1.) and hydrogen sulphide 
gas was passed into the solution until precipitation was complete ($ hr.). After standing for 
} hr., the precipitate was separated for analysis as in (A) 1. (6) (Found: Co, 27-4; S, 24-4; 
O, 47-5; H, 1-85; N, 0-48; Total, 101-6%). 

2. Prepared and dried in nitrogen. The procedure was as in (B) 2., the results on 3 prepar- 
ations being: Co, 53-1, 48-1, 45-9; S, 42-6, 40-5, 43-7%. 


Solubilities of Precipitates. 


Dried Oxygenated Sulphides.—The dried sulphides (0-1 g.), prepared as under (B) 1. (c) and 
(d), were extracted, with occasional swirling at room temperature, first with 3 successive portions 
of 50 ml. of 2N-hydrochloric acid, each for 1 or more days, and finally with 50-ml. portions of 
12N-acid. The extraction vessel was attached to bulb-tubes containing aqueous sodium hydr- 
oxide; after reaction, the alkaline solution, when tested with lead acetate solution, did not form 
lead sulphide. In a further test, 0-2 g. of sulphide was boiled for 15 mins. with 30 ml. of 2N- 
hydrochloric acid, and the vapours were led into water. The slightly opalescent distillate, 
tested by means of lead acetate, contained 3y of hydrogen sulphide; the opalescence was prob- 
ably due to sulphur, for the solution after treatment with nitric acid became clear and a trace 
of sulphate was present. 

The acid extracts were free from hydrogen sulphide, for, when they were made alkaline, 
cobalt or nickel sulphide was not formed. The acid solutions also remained clear after addition 
of mercuric chloride solution, and did not discharge the colour of iodine solution. The solution 
contained sulphate, which was estimated as barium sulphate; cobalt was determined electro- 
lytically. 

Results follow for the three preparations described under (B) 1. (c); the complete results 
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for the sulphides are summarised in Table III (p. 1461). Cols. I—VII show the successive ex- 
tractions; the lines under each heading show, in order, the time of extraction in days, the number 
of mg. of cobalt and of sulphur extracted, and the atomic ratio of cobalt to sulphur. The last 
two cols. give first the weights (in mg.) of cobalt and sulphur found in the residues, and finally 
the total weights thus accounted for. The total cobalt found agrees well, for this kind of, ex- 
periment, with the amount determined in the complete analyses of the precipitates (p. 1464), 
but the sulphur usually showed a considerable deficiency. This may be due to a partial loss 
as the free element (see above); it is known that sulphides are decomposed by treatment with 
ammonia or acids with liberation of sulphur (Gluud and Mihlendyck, Ber., 1922, 55, 952; 1923, 
56, 899; Gluud and Schénfelder, ibid., 1924, 57, 628; Dunn and Rideal, J., 1923, 123, 1250). 

Variation with Time in Solubilities of Sulphides (Air Exclusion).—The sulphides were pre- 
cipitated as in (A) 2. A standardised solution of nickel chloride containing ammonium chloride 
was used. Aliquot portions of the solution, well-boiled immediately before use, and introduced 
boiling into the apparatus, were taken. The hydrogen sulphide solution was added dropwise 
during 3 mins. in quantity in excess of that required completely to precipitate the sulphide, 
and after the solution had stood for 14 or 30 mins., 5N-hydrochloric acid, prepared and stored 
under nitrogen, was introduced, to give a total acidity of approx. 2N. After being swirled 
for 2 mins., the undissolved precipitate was filtered off and washed in contact with nitrogen. 
The filtrates were boiled until hydrogen sulphide was expelled, and nickel was determined by 
8-hydroxyquinoline. The complete results for nickel, cobaltous and cobeltic solutions are 
given on p. 1461. 

Two other experiments on the “ ageing ’”’ of the sulphides were carried out as follows. 
Cobaltous chloride (0-35 g.) in air-free water (160 ml.) was contained in a distillation flask. A 
sealed, thin-walled, glass tube containing sodium sulphide (0-7 g. in 10 ml. of water) was placed 
in the solution. The neck of the flask was closed by a stopper through which passed a closed 
glass tube completely filled with 12N-hydrochloric acid (40 ml.), and holding a plunger with 
which to break the bottom of the container. The flask was evacuated and its side tube sealed. 
The sodium sulphide solution was mixed into the cobalt solution by gently agitating the flask. 
The precipitate was allowed to stand for a known time, and the hydrochloric acid was then in- 
troduced. After standing for 24 hrs., air was admitted to the flask, and cobalt determined in 
the solution. The percentage solubility was 93-6 after 4 mins.’ standing and 76-5 after 15 
mins.’ standing. 

Composition of Extracts from Undried Sulphides.—The sulphides were prepared, filtered, and 
washed as in (A) 1. (a). Nitrogen was then passed through the apparatus for 10 mins. to sweep 
out any hydrogen sulphide. Hydrochloric acid (2N; 180 ml.), which had just previously been 
boiled and cooled in contact with air, was added dropwise to the precipitate during 45—60 mins., 
and the filtrates were collected in a clean flask. Nitrogen was intermittently passed through 
the prec‘pitate to remove hydrogen sulphide. The precipitate was finally washed by water 
(60 ml.) and by nitrogen. A Drechsel bottle containing N-sodium hydroxide was connected 
to the filter flask, to absorb hydrogen sulphide escaping from the acid solution. The two solu- 
tions were mixed and hydrogen sulphide was determined by means of N/10-iodine solution; 
the metal was estimated as its oxine complex. The insoluble residue from the acid extraction 
was dried in contact with air, tipped from the crucible as completely as possible, and analysed. 
The results for cobaltous chloride are shown below, and the complete data are summarised on 
p. 1461. 








Soluble portion. Insol. portion. 
Co taken, - —~— a “~ ~ Solubility, 
g- S, g. Co, g. Wt., g. Ss, %. Co, %. » a 
0:0863 0°0191 0°0483 0°0783 25°7 42°7 56:0 
0°0779 0°0084 0°0275 0°0985 29°8 45°5 35°3 
0:0778 0°0008 0°0281 0°0995 28°8 47°5 36°1 


In the third experiment, air was aspirated over the sulphide for 15 mins., and it was allowed 
to stand during a further 15 mins. before acid was added. 


Str Joun Cass TECHNICAL INsTITUTE, Lonpon, E.C. 3. [Received, July 27th, 1935. | 
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352. The Reaction of Periodic Acid with a-Ketols, a-Diketones, and 
a-Ketonealdehydes. 


By PERCIVAL W. CLUTTERBUCK and FRITZ REUTER. 


It is known from the work of Malaprade (Compt. rend., 1928, 186, 382) and of Fleury and 
Lange (ibid., 1932, 195, 1395; J. Pharm. Chim., 1933, 17, 409) that polyhydric alcohols 
containing hydroxyl groups attached to adjacent carbon atoms react with periodic acid 
according to the general equation 


R-[CH-OH],R + (n + 3)HIO, = 2R-CHO + H,O + (n — 2)H-CO,H + (nm + 3)HIO,. 


Fleury and Lange (loc. cit.) observed an analogous reaction with dihydroxyacetone, and the 
course of the oxidation is regarded by Criegee, Kraft, and Rank (Annalen, 1933, 507, 159) 
as involving intermediate esterification of a hydroxyl group with paraperiodic acid, H;IOg. 

The reaction has been applied by Birkinshaw, Charles, and Clutterbuck (Biochem. J., 
1931, 25, 1527) to the determination of butane-2 : 3-diol, which reacts quantitatively accord- 
ing to the above equation to give 2 mols. of acetaldehyde; the interaction of tetrahydro- 
terrein (I), thegeduction product of terrein (cf. Raistrick and Smith, Biochem. J., 1935, 29, 
606), led on the other hand to formation of the aldehydo-acid (III), 2 atoms of oxygen 
being utilised and 1 mol. of formic acid eliminated. 


co 
CsHi€ >CH-OH —> CH, {CO _, on (Om 
‘H-OH (CHO CHO 

(I.) (II.) (III.) 


It was therefore concluded that the keto-aldehyde (II) which was the expected product of 
the reaction had interacted with a second molecule of periodic acid, and the supposition 
was confirmed by the observation that methylglyoxal reacted with periodic acid to give 
1 mol. each of acetic and formic acid. 

It has since been found that the reaction is generally applicable to «-ketols and «- 
diketones; thus acetoin and benzoin give respectively acetaldehyde + acetic acid and 
benzaldehyde + benzoic acid, whilst diacetyl and benzil (more slowly) yield respectively 
2 mols. each of acetic and benzoic acid. -Toluoylphenylcarbinol (Weissberger e¢ al., 
Annalen, 1930, 478, 112) yields p-toluic acid and benzaldehyde, indicating that in the 
scission of the ketol the carbinol group becomes CHO and the carbonyl group CO,H. 

The reaction has been utilised to confirm the suggested structures of the phenolic acids 
CypHgO, and C,,.H gO, produced by Penicillium brevi-compactum Dierckx (cf: Oxford and 
Raistrick, Biochem. ]., 1933, 27, 634), which give respectively 1 mol. each of 3 : 5-dihydr- 
oxyphthalic + acetic acid and 1 mol. each of 6-aldehydo-2 : 4-dihydroxybenzoic + acetic 
acid; furthermore the benzfuroin of Fischer (Annalen, 1882, 211, 228) yields with periodic 
acid 1 mol. each of benzaldehyde and pyromucic acid and must therefore be furoylphenyl- 
carbinol as suggested by Werner and Detscheff (Ber., 1905, 38, 71). 

The reactions described above are in accordance with the extension of his earlier work 
recently published by Malaprade (Bull. Soc. chim., 1934, 1, 833). 


EXPERIMENTAL. 


In each case, two experiments were carried out, the first, with about 1 millimol. of substance, 
to determine the amount of oxygen absorbed, and the second, with about 10 millimols., to deter- 
mine the acidic substances produced and the nature of the products. 

(a) Determination of Oxygen absorbed.—The method was essentially that of Malaprade (loc. 
cit., 1928). A standard solution of potassium periodate was prepared (about 3 g./l.) such that 
on acidification and addition of excess of potassium iodide it yielded an approximately N/10- 
solution of iodine (calculated on the original volume). A known amount of substance to be 
oxidised (usually about 1 millimol.) was treated with 100 ml. of the periodate solution and 10 ml. 
of 2N-sulphuric acid. The mixture was kept at room temperature for 24 hours, an excess of 

















1468 Clutterbuck and Reuter: The Reaction of 


potassium iodide added, and the liberated iodine titrated with N/10-thiosulphate. The amount 
of substance oxidised must be such that this final titration figure is greater than 75 ml., since this 
corresponds to the total reduction of the HIO,to HIO,. The difference between a blank titration 
of the reagent and this final titration gives the oxygen absorbed in the reaction. The results are 


summarised in Table I. 


TABLE I. 
I, Theo. absorp- _Per- 
absorbed, tion for 1 centage 
Substance oxidised. Wt., mg. N/10. atom O used. of theo. 
Methylglyoxal, CH,-CO-CHO 778 19°45 21°6 90 
Diacetyl, CH,-CO-CO-CH, 54°2* 11-0 12°6 87 
in 50 ml. H,O 
Acetoin, CH,-CO-CH(OH)-CH, 87°4 20-0 19°85 101 
Benzoin, C,H,-CO-CH(OH)-C,H, 151°8* 13°8 14:3 97 
in 100 ml. EtOH 
Bek Po 253°5* 22°75 22°4 101 
CH,’C,H,°CO-CH(OH)-C,H, in 50 ml. EtOH 
Dihydroxyacetone, CH,(OH)*CO-CH,-OH 59°9 13-1 13°3 98 
Hydrated 3 : §-dihydroxy-2-carboxybenzoyl 125°2 8°85 10°34 85 
methyl ketone 
Benzfuroin, C,H,O*-CO-CH(OH)-C,H, 109°7 8°75 10°85 81 


* In these cases, the recorded amount of solvent was used in addition to the 100 ml. of reagent 
used in each case. 


(b) Determination of the Acid produced.—The method employed was similar to that of 
Malaprade (loc. cit., 1934). In our experiments the exact amount of potassium periodate 
calculated from the corresponding experiment in section (a) was used. Under these conditions 
it was found that the simple glycols, e.g., butane-2 : 3-diol, gave no acid, that the «-ketols gave 1 
equivalent, and the «-diketones and a-ketonealdehydes 2 equivalents of acid. Provided, there- 
fore, that the reaction is complete or almost so, as indicated by the oxygen absorption, the acid 
figure gives an indication of the type of compound oxidised. 

The results are summarised in Table II. 


TABLE II. 
Acidity after 
2N- reaction. No. 
Wt., Solvent, KIO,, H,SO,, N-Acid, Theo.for of 
Substance oxidised. g. ml. g. ml. ml. lequiv. equivs. 
Methylglyoxal .........c.seseseseeeeeeees 0°5761 Water 500 1°8399 50 14°1 80 1°76 
TURGEE YS | on cciccssicsdesonsccecisctoatecss 1:0042 Water 1000 2-685 120 21-0 11°65 1°80 
DERE... -sccvrstenesenaiveryoseniaw thet 0°874 Water400 2°295 100 10°1 9°92 1-02 
PRR soncepadansancnceringestenignianaat 10008 Water 500, 1-085 100 4°5 4°72 0°95 
EtOH 500 
Dihydroxyacetone .........seseeeeeeees 10008 Water 1000 2-558 100 10°4 1119 = 093 
Hydrated 3: 5-dihydroxy-2-carb- 
oxybenzoyl methyl ketone ......... 0°9646 Water 200 0°8429 40 15-2 3°98 3°82* 
WORN ccs csiscevsssiescsidicescoctinss 0°7968 ten 300, 0°9069 50 3°80 3°94 0°96 
t 250 


* With thymolphthalein, titration being carried to a blue colour, 3 : 5-dihydroxyphthalic acid 
behaves almost as a tribasic acid. Thus 90°6 mg. required 12°2 ml. of N/10-sodium hydroxide, corre- 
sponding to an equiv. of 74°3 (C,H,O,g, as a tribasic acid, requires 66 and as a dibasic acid 99). 


Benzil.—The reaction with benzil differed from all the other reactions studied in being very 
much slower: after 24 hours the amount of oxygen absorbed only corresponded to 48% of one 
atom, and even after 2 weeks was only 80% of the theoretical. The acid formation was corre- 
spondingly slower and only benzoic acid could be isolated. The unoxidised portion of the benzil 
was recovered in an aliquot portion of the reaction mixture by precipitation as the dinitrophenyl- 
hydrazone, m. p. 193°. The reaction thus appears to be similar to the others described in this 
paper but takes place very much more slowly. 

I. Methylglyoxal.—The titrated solution was acidified with 2N-sulphuric acid and distilled 
in a vacuum several times to a small bulk and the combined distillates, after treatment with 
silver carbonate to remove hydriodic acid, and with hydrochloric acid to remove any excess of 
silver, were neutralised and evaporated to 200 ml. 

A. The formic acid in 100 ml. of this solution, determined by Fincke’s method (Biochem. Z.., 
1913, 51, 253), corresponded to 1-44 g. of Hg,Cl, (theo. for 1 mol., 1-89 g.). 
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B. The formic acid present in the second 100 ml. of this solution was destroyed by the silver 
method, and the volatile acid recovered by distillation; acetic acid in the distillate was identified 
as p-phenylphenacy] ester (Drake and Bronitsky, J. Amer. Chem. Soc., 1939, 52, 3715). 

II. Diacetyl—The neutralised solution was acidified and steam-distilled. The distillate, 
after the treatment with silver carbonate and with hydrochloric acid, was redistilled, yielding 
a solution which contained approximately 2 equivs. of acetic acid (identified as above). 

III. Acetoin.—A stream of air was passed through the titrated reaction mixture into 
bubblers containing Brady’s 2 : 4-dinitrophenylhydrazine reagent. A copious precipitate was 
formed, which after recrystallisation from alcohol melted at 165° and did not depress the m. p. 
of authentic acetaldehydedinitrophenylhydrazone. 

After removal of the aldehyde, the solution was acidified and distilled in a vacuum, and acetic 
acid identified in the distillate as above. 

IV. Benzoin.—Brady’s reagent was added to the solution, and the precipitated benzaldehyde- 
dinitrophenylhydrazone filtered off and dried; weight 1-2 g. (theo. for 1 mol., 1-33 g.). 

After removal of the benzaldehyde, benzoic acid was recovered from the solution by steam- 
distillation, neutralisation of the distillate, and evaporation to remove the alcohol, followed by 
acidification and ether extraction. 

V. p-Toluoylphenyicarbinol_—This compound was kindly supplied by Dr. Arnold Weiss- 
berger. On addition of Brady’s reagent to the oxidation solution, 330 mg. of benzaldehyde- 
dinitrophenylhydrazone were obtained (theo. for 1 mol., 321 mg.). 

The solution remaining after filtration of this dinitrophenylhydrazone was evaporated 
several times to a low bulk in a vacuum, and the distillates neutralised and concentrated in a 
vacuum. The solution was then acidified and extracted three times with ether. After removal 
of the ether 150 mg. of p-toluic acid were obtained (identified by titration and by mixed m. p. 
with an authentic specimen). The theoretical weight, assuming 1 molecule of -toluic acid was 
formed, was 152-5 mg. 

VI. Dihydroxyacetone.—The products, as shown by Fleury and Lange (loc. cit., 1932), were 
formaldehyde and glycollic acid. In our case the formaldehyde was separated as the dinitro- 
phenylhydrazone from the oxidation experiment by addition of Brady’s reagent. 

VII. Hydrated 3: 5-Dihydroxy-2-carboxybenzoyl Methyl Ketone (Oxford and Raistrick, 
loc. cit.).—The solution was acidified and steam-distilled in a vacuum to a low bulk several 
times. The distillate contained acetic acid (identified as above). The residue was extracted 
continuously with ether, the ethereal solution dried over anhydrous magnesium sulphate, and 
the ether removed; the product, after recrystallisation from chloroform—light petroleum, melted 
at 194° and did not depress the m. p. of authentic 3 : 5-dihydroxyphthalic acid. 

VIII. 3 : 5-Dihydroxy-2-carboxyphenylacetylearbinol (Oxford and Raistrick, Joc. cit.).—In 
this case, the reaction was extremely complex, the figures for oxygen uptake and acid production 
not corresponding to a molecular process. From the solution, however, with Brady’s reagent 
was isolated a dinitrophenylhydrazone which crystallised from aqueous alcohol in long hexagonal 
platelets, m. p. 270° (decomp.) [Found (Schoeller): C, 44-4; H, 3-4; N, 14-5. C,,H,,O,N,,H,O 
requires C, 44-2; H, 3-2; N, 14.7%]. The compound was soluble in sodium bicarbonate solu- 
tion and was presumably the hydrate of the dinitrophenylhydrazone of 6-aldehydo-2 : 4-dihydr- 
oxybenzoic acid. The solution also contained some acetic acid, isolated as above as the 
p-phenylphenacyl ester. These facts show that the side chain of the acid C,,H,,O, at any rate 
in part had the acetylcarbinol structure. 

IX. Benzfuroin (Fischer, loc. cit.) —The benzaldehyde produced was separated as the dinitro- 
phenylhydrazone. The filtrate after removal of benzaldehyde was distilled to a low bulk in a 
vacuum several times and the combined distillates were neutralised and concentrated in a 
vacuum. The solution was finally acidified and extracted continuously with ether. The 
extract on removal of the ether gave a crystalline acid which, after several sublimations, had 
m. p. 132° and did not depress the m. p. of authentic pyromucic acid. 


We gratefully acknowledge our indebtedness to Professor H. Raistrick for his interest and 
help in regard to the above paper, and to Dr. A. E. Oxford for collaboration in the work on the 
phenolic acids C,,H,,O, and C,,H,O,. 


LonpDON ScHOOL OF HYGIENE AND TROPICAL MEDICINE, UNIVERSITY OF LONDON. 
[Received, August 1st, 1935.) 
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353. The Dipole Moments and Structures of Some Quinoline Derivatives, 
and the Orientation of Claus and Hoffmann’s x-Nitroisoquinoline. 


By CATHERINE G. LE FEVRE and RAyMonD J. W. LE FEVRE. 


In this section measurements of the dipole moments of a number of quinoline derivatives 
are recorded and discussed in relation to the possible influence of substitution upon the 
structure of the quinoline skeleton. Little relevant physical evidence is available in the 
literature. 

Results ——The molecular polarisations and refractivities at infinite dilution in benzene 
solutions of quinoline and seven derivatives at 25° are shown in Table I; from these data 
the dipole moment in each case (col. 4) has been calculated. The published values for the 
dipole moment (in Debye units here and throughout) of quinoline are : 2-18 (Le Févre and 
Smith, J., 1932, 2810); 2-25 (Rolinski, Physikal. Z., 1928, 29, 658); 2-14 (Bergmann, 
Engel, and Meyer, Ber., 1932, 65, 446); the present work supports the first value. The 
data for quinaldine are those of Rau and Narayanaswamy (Z. physikal. Chem., 1934, 
B, 26, 23). 

TABLE I, 

Mol. poln., Mol. refrty., 

Substance. ec. C2. p< 10°, 

Quinoline 141-1 41-9 2°19 
Quinaldine 122-2 50°7 1-86 
*6-Methylquinoline 156-2 46°3 2°31 
p-Toluquinaldine 134°4 51°5 2°00 
2 : 4-Dimethylquinoline 160°6 51°5 2°30 
*5-Nitroquinoline 184°4 49°8 2°55 
*6-Nitroquinoline 389°1 49°2 4°12 
*8-Nitroquinoline 713-0 47°8 5°67 

By treating the observed moments of the substituted quinolines as the vector sums of 
the moments of quinoline and its substituents, the former of which is known as to magnitude 
and the latter as to magnitude and direction (we have taken Me = 0-37, NO, = 4-0, and 
2:4-dimethyl as equivalent to 3-methyl), it is evidently possible to calculate the one 
unknown quantity, viz., the direction of the moment of quinoline. This has been done, 
the results being tabulated below as inclinations (counterclockwise denoted by + ) to 


the [(4) —|——> (1)] direction : 


2-Me. 6-Me. 2 ° 4-Me,. 5-NOg. 6-NO,. 8-NO,. 
+ 35-5° — 15-5° +17°: + 35-5° —17-5° + 49-5° 


Of the two possible signs for the 5- and the 8-nitro-derivative, the negative is considered the 
more correct, by analogy with the 6-nitro-compound, for which there is no ambiguity. 
Discussion.—The real structure of any given quinoline compound might be expected, 


in conformity with recent theory (Ingold, Chem. 
ae me a OV Revs., 1934, 15, No. 2), to lie between two ex- 


| ‘3 | treme forms corres ing i 

ponding in structures to the 
WN types (I) or (Ia) and (II). These would con- 
stitute the unreal unperturbed forms from which 
could arise the real and most stable form by 


| 
V/\ 


Bn (Ia. ; (I1.) 


valency exchange degeneracy. 

With the aid of the angles now deduced we can assign, qualitatively, the compounds 
marked with an asterisk in Table I to their places between the extreme types because, in 
the above two formula types, the —C:N— and —C-N:? links should have sensibly different 
moments towards the nitrogen atom, the first having the greater; and accordingly, in those 
compounds where the quinoline component moment has an apparent clockwise inclination 
to the vertical direction (cf. negative signs to above angles), we infer that a quinoline 
skeleton of type (I) or (Ia) exists predominantly. A complete decision cannot be made with 
certainty, but the marked resemblances between quinoline and naphthalene (orientation 
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phenomena, parallelism of the dipole moments of quinoline and tsoquinoline with «- and 8- 
naphthalene derivatives; cf. Le Févre and Smith, loc. cit.; Parts, Z. physikal. Chem., 
1930, 10, B, 264) definitely favour (I). Naphthalene is commonly assumed to have the 
two quaternary carbon atoms united by a double bond, a formulation supported by dipole- 
moment measurements, for this hydrocarbon has a zero moment and must therefore, in 
the isolated state, contain a symmetrical arrangement of bonds [cf. (I)]: astructure of type 
(Ia) would imply a moment of the order of that found for phenanthrene. The present 
conclusion in the case of quinoline agrees, as far as the heterocyclic ring is concerned, with 
that reached by Mills and Smith (J., 1922, 121, 2724) from chemical considerations. 

Mesomerism.—Alternatively, the inconstancy of our inclination angle values may be a 
measure of the departure from true vector additivity of dipole moments occurring in this 
group of compounds by the operation of ‘“‘ mesomeric ”’ effects (Ingold, J., 1933, 1120) ; ¢.g., 
with 5-substituted quinolines little abnormality is to be expected, in contrast to the 6- or 
8-analogues, which constitutionally resemble p- and o-nitroanilines respectively, and so 
should similarly display permanent polarisation increments produced by the mechanism of 
the tautomeric effect. These have been fully discussed by Héjendahl, Sutton, and others 
(for, references see Ingold, Chem. Revs., loc. cit.) and are of obvious application to the present 
cases. 

2-Methylquinoline and its 4- and 6-Methyl Derivatives.—Quinaldine and 2 : 4-dimethyl- 
quinoline have inclination angles which are in contrast with those derived from the other 
compounds. In the «-methylated quinolines the possibility arises of dynamic isomerism 


of the type -N:C-CH, = -NH-C:CH, and their abnormality is probably to be ascribed 
to this cause. For this reason we prefer not to apply to the apparent angle values the 
argument used above, which would indicate the existence of a basal structure of type (II), 
although such a conception is quite in harmony with the zero moment found by Snoek 
(Phystkal. Z., 1934, 35, 196) for 2 : 3-dimethylquinoxaline (III). As an indication of the 
significance of such tautomerism in the interpretation of the second and fifth measure- 


ZA 


N 


ON 7 Me Me (IV.) 
(I11.) | I Me 

VW \Ww *Me 
XX 


ments (Table I), we have examined 2 : 6-dimethylquinoline (IV). By symmetry, if (IV) 
were correct, the Me-C moments should be identical and in antiparallel alinement. The 
resultant therefore should equal that of quinoline itself, viz., 2-19; experimentally it is 
found to be 2-00. 

Conclusions.—It is concluded that in the quinoline derivatives examined, except the 
a-methyl-containing compounds, the mobilities, typical of benzene and pyridine, of the 
single and double linkings are so diminished by ring fusion that the skeleton is best formu- 
lated as (I), and that the component electric moment, arising from this structure, acts along 
directions varying from 15° to 50° to the axis of the 5 : 8-carbon atoms, to meet it at some 
point outside the molecule on the side of the 8-carbon atom, 


EXPERIMENTAL, 


Preparation of Materials—The benzene used was commercial pure material, redistilled and 
recrystallised, etc., as detailed by Le Févre and Smith (J., 1932, 2239). 

Quinoline. The commercial ‘‘ pure’ base was fractionated (column), the intermediate one- 
third, b. p. 238—238-5°/759 mm., being kept over solid potash for a day and then redistilled. 

6-Methylquinoline was prepared from p-toluidine by Skraup’s method (Monaish., 1881, 2, 
158), a sample of b. p. 258—260°/760 mm. being employed. 

p-Toluquinaldine, obtained from p-toluidine, paraldehyde, and hydrogen chloride (Débner 
and Miller, Ber., 1883, 16, 2470), had m. p. 60°, b. p. 265—267°. 

2: 4-Dimethylquinoline, prepared from acetylacetone, aniline, and sulphuric acid (Roberts 
and Turner, J., 1927, 1842), was redistilled; b. p. 264—265°/758 mm. 
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5-Nitroquinoline. This was prepared directly from quinoline by nitration, since the syn- 
thetic product from m-nitroaniline is liable to be admixed with the 7-isomeride. To quinoline 
(650 g.), nitric acid (20 c.c., d 1-5) was added slowly at 0°. The solid cake formed (75 g.) was 
powdered and added in five portions to concentrated sulphuric acid (50 c.c., kept at 0°), a small 
quantity of fuming sulphuric acid (d 2-0, 10 c.c.) being run in after each addition. Dilution and 
neutralisation (caustic soda solution) produced an oil, which solidified over-night. This was 
dissolved in much hot water (with some dilute nitric acid), and the clear filtrate saturated with 
sodium acetate. After a time the precipitated 5-nitroquinoline was separated, washed, etc., 
and finally crystallised from light petroleum; it formed white needles (32 g.), m. p. 72°. Com- 
plete neutralisation of the nitration solution led to 8-nitroquinoline (9 g.), which, after crys- 
tallisation from dilute alcohol, had m. p. 88—89°. 

6-Nitroqguinoline. This substance was made by the usual Skraup synthesis from arsenic 
acid (116 g.), concentrated sulphuric acid (220 g.), glycerol (240 g.), and p-nitroaniline (112 g.). 
After 2}—3 hours’ heating, the whole was strongly diluted with water and left over-night. 
Sodium hydroxide solution was added to the filtrate from this, a mass of impure 6-nitroquinoline 
being obtained. Separation and dissolution of the mass in hydrochloric acid (norit) afforded, 
on saturation with ammonia, crystalline 6-nitroquinoline; recrystallisation from dilute alcohol 
(norit) finally gave the pure substance (98 g.), m. p. 148—149°. 

8-Nitroquinoline. This was similarly obtained (arsenic acid, 51-5 g.; sulphuric acid, 100 
g.; glycerol, 110 g.; o-nitroaniline, 50 g.). The highly diluted reaction mass was clarified, and 
neutralised with sodium hydroxide solution; after 1 hour the brown flocky precipitate was 
filtered off and crystallised from dilute alcohol (norit); m. p. 88—89° (45 g.). 

Measurements.—The dielectric constants of dilute solutions of the above compounds in 
benzene were determined by the resonance method described previously (/oc. cit.). These 
measurements were made at 25° and in one case at 45°. The refractive indices of the same 
solutions were determined at 25° and for the Nap line with a Pulfrich refractometer. The 


Quinoline in benzene at 25°. 


9101 29020 42910 50501 

78°4642 79°4800 80°1884 90°5756 
2°3400 2°4790 2°5771 2°6301 
0°87733 0°88206 0°88594 0°88810 

27°6136 29°7541 31°1871 31°9423 

26°3430 25°8135 25°4442 25°2424 
12706 3°9406 5°7429 6°6999 

139°61 135°78 133°84 132-67 


Whence extrapolated value of P, for f,; = 0 is 14l‘l c.c.; [Rz]p = 41°9 c.c.; therefore p = 
0-22V 141 1—41°9 = 2°19. 
6-Methylquinoline in benzene at 25°. 


16149°4 25013°9 32733°8 43448-0 

79°0496 79°6259 80°1277 80°8241 
2°4014 2°4730 2°5341 2°6207 
0°87863 0°88113 0°88341 0°88647 

28°6461 29-7590 30-6890 319795 

26°1569 25°9213 25°7160 25°4312 
2°4892 3°8377 4-9730 6°5483 

154°14 153°42 151-92 150-72 


Whence extrapolated value of P, for f, = 0 is 156-2 c.c.; [Rz]p = 46°3 c.c. (Auwers and Kraul, 
loc. cit.); therefore ~» = 0°22 (109-9)# = 2°31. Also, 2°31 = (2°19* + 0-378 + 2 x 2°19 x 0°37 cos 6)t, 
whence cos @ = 0°2487, and @ = 75°6°. 


p-Toluquinaldine in benzene at 25°. 


6751°6 10184°3 17717°0 19714°0 

78°5334 78°8046 79°3996 79°5575 
2°3136 2°3344 2°3812 2-3930 
0°87564 0°87654 0°87862 0°87917 

27°3119 27°6782 28-4892 28°6945 

26-4068 26°3155 26°1153 26-0622 
0°9051 1-3627 2°3739 2°6323 

134-06 133°81 133-99 133-52 


Whence extrapolated value of P, for f, = 0 is 134-4 c.c.; [Rz]p = 51°5 c.c. (Auwers and Kraul, 
loc. cit.); therefore » = 0°22 (82-9)t = 2°00. 
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2: 4-Dimethylquinoline in benzene at 25°. 


23054°5 25185°2 55016°8 

79°8213 79°9897 82°3463 
2°4607 2°4737 2°7145 
0°88062 0°88122 0°88955 

29°6817 29°9014 33°6648 

25°9733 25°9167 25-1236 
3°7084 3°9847 8°5412 12°8238 

160°85 158-22 155-25 152°59 


Whence extrapolated value of P, for f, = 0 is 160-6 c.c.; [Rz]p = 51°5 c.c. (Auwers and Kraul, Z. 
physikal. Chem., 1925, 116, 438); therefore p = 0°22 (109-1) = 2°30. Also, 2°30 = (0°37* + 2°19* + 
2 x 0°37 x 2°19 cos 6), whence cos @ = 0°2203, and @ = 77°. 


84043°1 
84°6395 
2°9527 
0°89765 
37°1757 
24°3519 


5-Nitroquinoline in benzene at 25°. 


1066-82 


2800°42 


3502°14 


149733 
2°24199 
26°13565 
26°13565 


78°1024 
2°2831 
0°87457 
26-7532 
26°5566 
0°1966 
184°27 
149764 
2°24293 
26°16085 
26°10782 


78°2688 
2°3005 
0°87577 
27-0264 
26°5105 
0°5159 
184°22 
1-49813 
2°24439 
26°20218 
26°06250 


0:05303 
49°7 


0°13968 
49°8 


Whence extrapolated value of P, for f, = 0 is 184°4c.c.; [RzJp = 49°8 c.c.; therefore » = 0-220 


(184°4—49°8)t = 2°55. 
—0°8156, and @ = 144}°. 


6-Nitroquinoiine in benzene at 25°. 


1843-13 
781769 
2°3165 
0°87507 
27°2475 
26-5360 
0°7115 
386-04 
149781 
2°24343 
26-1782 
26°0875 
00907 
49°2 


4582-86 
78°4399 
2°3822 
0°87699 
28°2117 
26-4632 
1°7485 
381-53 
149854 
2°24562 
26°2415 
26-0159 
0°2256 
49°2 


Also, 2°55 = (4% + 2°19 + 2 x 2:19 x 4 x cos6)#, from which cos@ = 


6000°13 7667°41 
78-5760 
2°4165 
0°87794 
28-7054 
26°4255 
2°2799 
379°98 


Whence extrapolated value of P, for f, = 0 is 389-lc.c.; [Rz]p = 49°2 c.c.; therefore up 


(389°1—49-2)# = 4°12. Also, 
— 0°2182, and @ = 102}°. 


8-Nitroquinoline in benzene at 25°. 


880°543 


26-5850 


1-49733 


4°12 = (42 + 19% + 2 x 2°19 x 4 x cos @)f, 


2312-94 
78°2221 
2°3788 
0°87547 
28°1344 
26-5235 
16109 
696°48 
149791 
2°24372 
26°1858 
26-0753 
071105 
47°77 


from which 
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8-Nitroquinoline in benzene at 45°. 


2°2330 2°2694 2°3282 2°5276 2°7177 
0°8521 0°85355 0°85450 0°85777 0°86097 

26-6640 27°2003 28-0919 30°9456 33°4566 

26-6640 26°6405 26-6023 26°4771 26°3544 

0°5598 1-4896 4°4685 7°1022 

635°74 644:02 637°51 611°51 
Whence extrapolated value of P, for f, = 0 is 713 c.c. at 25° and 676 c.c. at 45°; [Rz]p = 47°8 c.c.; 
therefore ~ = 0°220(713—47-7)t = 5°67. Alternatively, we have, by substituting in P = A + B/T, 
B = 175313°4, whence p = 5°33. Also, 5°67 = (2°19% + 42 + 2 x 2:19 x 4 x cos @)#, from which 
cos @ = 0°6480, i.e., 9 = 494°. 


densities of the solutions were measured at the same temperatures. From these data the 
molecular polarisations and refractivities were calculated from the well-known modifications of 
the Clausius—Mosotti and the Lorenz—Lorentz equation. The significant data are in the foregoing 
tables, in which the symbols M, P, R, refer respectively to the molecular weights, polarisations, 
and refractions of the components, and f to their mol.-fractions in the solutions, the subscripts 
1 and 2 applying to solute and solvent; ¢, d, and m are respectively the dielectric constants, 
densities, and refractive indices of the solutions, and u the dipole moments of the solutes. 


The Orientation of Claus and Hoffmann’s x-Nitroisoquinoline. 


Claus and Hoffmann showed (J. pr. Chem., 1893, 47, 252) that solid zsoquinolinium 
nitrate or sulphate could be nitrated to give in high yield a mononitro-derivative, m. p. 110°, 
permanganate oxidation of which produced «-nitrophthalic acid, showing that either 5- or 
8-substitution had taken place. No experimental decision on this point was made, although 
the authors clearly favoured the latter constitution. This ambiguity cannot be resolved 
by any conclusive theoretical arguments, but the 5-nitro-structure would be more con- 
sistent with analogy. The dipole moments of tsoquinoline, of its 1-chloro-, and of its 
unoriented nitro-derivative were therefore measured by the same procedure as above. 


Preparation of Materials.—The isoquinoline used, after being twice partly frozen and separ- 
ated from the liquid of lower b. p., had m. p. 24°. We are indebted to Dr. F. M. Hamer for our 
specimen of 1-chloroisoquinoline (cf. Fisher and Hamer, J., 1934, 1908). The benzene was that 


employed previously. 


isoQuinoline in benzene at 25°. 


21012°2 31999°7 43332°9 65041°1 
79-0716 79°6320 80-2100 81°3171 
2°476 2°580 2-681 2°892 
0°88051 0°88370 0°88710 0°89361 
29°6129 31-0866 32°4702 35°1951 
26°0264 25°7343 25°4330 24°8559 
3°5865 5°3523 70372 10°3392 
170°68 167-26 162-40 158°96 


Whence extrapolated value for f, = 0 is 175°8 c.c.; [Rz]p = 41°5 c.c. (Bruhl, Z. physikal. Chem., 
1895, 16, 193); therefore » = 0-22 (175°8 — 41°5)t = 2-549. 


1-Chloroisoguinoline in benzene at 25°. 
12308°6 17198°3 251623 31991-0 
79-0524 , 80°1514 80°7352 
2°4752 : 2°6935 
0°88072 ‘ 0°88794 
29-5880 ‘ 32-5698 
26°2578 
3°3302 
— 270°56 
1-49733 1-49993 
2°24200 2°24979 
26°1357 26°3965 
26°1357 25°8140 
0°5825 
47°32 
Whence extrapolated value of P, for f, = 0 is 276-4 c.c.; therefore » = 0°22(276-4 — 47-3)? = 3°33. 
Also 3°33 = (1°52? + 2°52? + 2 x 1°52 x 2°52 cos 6); whence cos @ = 0°3170 and @ = 714°. 
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f,. 108 
Mifi + Maf, 


x-Nitroisoguinoline in benzene at 25°. 


2616-98 3500°21 4540°03 

78°2513 78°3360 
2°3245 
0°87550 

27°3748 

26°5154 
0°8594 

328°4 

149785 
2°24356 

26°1921 

26-0673 
0°1248 

47°67 


5182-82 
78°4976 
2°3751 
0°87722 
28-1260 
26°4472 
16788 
323°9 
149837 
2°24511 
26°2462 
26-0003 
02460 
47°46 


Whence extrapolated value for f, = 0 is 333-0c.c. ; [Rz]p = 47'7c.c. ; therefore 4 =0-22 (333°0-—47'7) = 
3°72. Substitution in jpresuitan, = Vp? + 2, + 24m, COS 0 gives 3°72? = 2-552 + 4242-2 x 55-4 
cos 8, whence cos 6 = — 0°4247, i.e., @ = ca. 115°. 





x-Nitroisoquinoline. This was first obtained as by Claus and Hoffmann (loc. cit.), viz., by 
addition of the solid nitrate to an excess of well-stirred concentrated sulphuric acid. Later, 
the following variation was adopted : isoquinoline (43 g.) was dissolved in sulphuric acid (200 
c.c.) directly; considerable heat was evolved, and the solution was cooled to 0°, stirred, and 
potassium nitrate (35 g.) in sulphuric acid (200 c.c.) dropped in during 2 hours. After being 
kept below 50° for 6 hours, the reaction mixture was poured on ice and neutralised by ammonia, 
Filtration, etc., afforded the required nitro-derivative in quantitative yield (55 g.). The dried 
substance, crystallised from benzene, had m. p. 110°, as stated by the German authors. 


Discussion.—Before discussion of the data, the direction of operation of the moment in 
the unsubstituted base must be decided. This can be fixed by the consideration of the dipole 
moment of an isoquinoline derivative of known orientation, and for this purpose 1-chloro- 
isoquinoline was used. The dipole moment of this compound has been estimated at 
3-33, a figure which (with »C — Cl = 1-52 *) implies that the zsoquinoline vector makes an 
angle of 714° with the C-Cl (vertical) direction. Hence the isoquinoline moment has a 
finite component along the 5 : 8-axis, with the negative end in the direction of the 8-carbon 
atom. 

The substance in question can now be formulated, for consideration of 8-nitrozso- 
quinoline shows that the component moments of the nitro-group and the isoquinoline 
nucleus should make an angle of approximately 71°, whereas with the 5-nitro-structure the 
angle subtended by the vectors should be of the order 109°. The found value is 115°. 
Hence, we suggest that Claus and Hoffmann’s compound should be oriented as 5-nitroiso- 
quinoline. 


The authors thank Professor G. M. Bennett for a gift of dimethylquinoline, Professor F. G. 
Donnan for permission to use apparatus belonging to the Physicochemical Department, and 
Professor C. K. Ingold for much helpful discussion. 
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354. The Planar Configuration for Quadricovalent Nickel, Palladium, 
and Platinum: Dithio-oxalate Derivatives. 


By E. G. Cox, W. WarpDLaw, and K. C. WEBSTER. 


It is now definitely established that bivalent nickel, like palladium and platinum, exhibits 
a planar distribution of valencies in normal quadricovalent compounds (see, ¢.g., Cox, 
Pinkard, Wardlaw, and Webster, this vol., p. 459), and it is therefore to be expected, since 
their atomic diameters are not greatly different, that isomorphism should exist between 

* JI.e., a value obtained from dipole moment determinations in solution. If the larger value, 1-7, 
be employed in the calculations instead (cf. McAlpine and Smyth, J. Chem. Phys., 1935, 3, 55), the angle 
becomes slightly greater (viz., 77°) but the above argument is not affected thereby. 
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corresponding compounds of these metals. Brasseur, de Rassenfosse, and Piérard (Z. 
Krist., 1934, 88, 210) have shown that the three hydrated double cyanides with barium are 
isomorphous, but the presence of water of crystallisation makes it uncertain whether the 
complex ion in these salts is truly four-covalent. We now find that the anhydrous 
potassium nickelodithio-oxalate (I) is completely iso- 

| OW fm “(’ Fa | morphous with the corresponding palladium and platinum 

A ¢ compounds, the latter of which we have prepared for the 

10 AS Veo | first time. This discovery is of considerable importance 

from the point of view of the X-ray investigation of co- 

ordination compounds. It has been possible in previous 
studies, oan from considerations of symmetry, to establish the planar configuration of 
the metal atom, but owing to the preponderating effect of the central atom over the 
attached groups (consisting usually of carbon, nitrogen, and oxygen atoms), the determin- 
ation of the complete structure by means of intensity measurements has been a matter of 
great difficulty. In the present case, however, the sulphur atoms and potassium ions have 
a scattering power in the aggregate comparable with the metal atom, and in addition, com- 
parison of the three compounds makes it possible to estimate the relative contribution of 
the metal atom and the chelate groups to the structure factor of any lattice plane. As 
a result we have been able to determine with reasonable accuracy (apparently for the 
first time for a chelated compound) the positions of all the atoms in the crystal lattices of 
these salts. 

The crystals are monoclinic, and X-ray investigation shows that the unit cell con- 
tains four molecules, the space-group being A2/a (Cj,). The complex ion thus possesses 
either a two-fold axis or a centre of symmetry; the latter alternative would definitely 
require the four metal valencies to be coplanar, whereas either a planar or a tetrahedral 
configuration would be consistent with two-fold axial symmetry. Consideration of the 
intensities of {100}, however, shows immediately that all the atoms in the molecule are 
coplanar. For all three substances, the (200) reflexion is very intense, while the fourth- 
and sixth-order intensities fall off normally; these facts, combined with the good cleavage 
parallel to {100}, strongly suggest flat molecules lying in the (200) planes. We have estim- 
ated carefully the relative intensities of the three orders, and have further, by comparison 
with the (200) reflexion from rock-salt, estimated the absolute intensities of the nickel 
reflexions. Since the linear absorption coefficient of copper K, radiation is the same in 
rock-salt and potassium nickelodithio-oxalate, these comparisons could be made with 
reasonable accuracy. The observed intensities for the nickel compound are given below 
(col. 2), that for the (200) rock-salt reflexion being taken as 100. The remaining columns 
contain intensities calculated for various possibilities : (a) all the atoms lying in the (200) 
plane; (5) all the atoms of the complex ion lying in the (200) planes, the potassium ions 
interleaving them; (c) tetrahedral complex ion, its longest direction lying in the (200) 
plane, potassium ions in the same plane. [Other arrangements of a tetrahedral ion are 
possible, but they lead to figures in no better accord with experiment than those in column 


(c) below. ] 
Observed Calculated intensity. 


Plane. intensity. (a). (b). (c). 
200 160 145 45 9 
400 34 29 29 0 
600 75 10°65 3 6 


It is quite clear that the only structure which is in agreement with the experimental 
results is that in which all the atoms are coplanar, and in the (200) planes; no other struc- 
ture can explain the high absolute intensity of the (200) reflexion. The absolute intensities 
of the palladium and platinum compounds are more difficult to measure, but the complete 
agreement between the relative intensities for all three substances shows that the structure 
is the same throughout, as indeed is to be expected from their isomorphism. It may 
therefore be accepted that in all three cases the complex ions are completely flat and, to- 


gether with the potassium ions, lie in the (200) planes. 
It is next necessary to determine whether the metal atoms lie in the two-fold axes or on 
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the centres of symmetry. In the former case their positions are determined by one para- 
meter “, and the orientation of the complex ions is confined by symmetry considerations 
to two possibilities, whereas if the ions are centro-symmetrical their centres are fixed but 
their orientations are unrestricted. Consideration of the cell dimensions, however, shows 
that a further restriction must be introduced; it is clear that the greatest length of the 
complex ion must be nearly parallel to the c-axis (22-65 A.) on account of the shortness 
of b (7-56 A.). Now, four equivalent symmetry centres may have co-ordinates 


(a) (0,0,0), (4,0,0), (03,3), and (3,2,4) 
or (c) (0,0,0), (3,0,3), (3,3,0), and (0,3,3) 


(see, e.g., Wyckoff, ‘‘ Analytical Expression of the Results of the Theory of Space Groups ’’). 

Since the complex ions must be nearly parallel, and have heavy atoms at their centres, 
either of the above arrangements would be indicated by weak odd-layer lines in appropriate 
photographs—a-axis in case (a), [101] in case (c). This is not observed, and moreover, no 
arrangement of the complex ions on the symmetry centres has been found adequate to 
account for the observed intensities of {010}. We conclude that the metal atoms lie on the 
two-fold axes, their co-ordinates being (},w,0), (2,@,0), (3, 3 + «,}) and (2,4 — «,3). The 
orientation of the complex ions is now fixed, since of the two possible arrangements having 


Planar configuration of quadrivalent platinum, palladium, and nickel dithio- 
oxalate derivatives. 


two-fold symmetry, only that in which the carbon-carbon bonds are parallel to the b-axis 
(see fig.) is consistent with the cell dimensions. The value of the parameter « is readily 
determined ; it is found that {010} is quartered, and the fact that this quartering occurs for 
all three compounds shows that the metal atoms themselves must lie on the (040) planes— 
1.€., U = 0-125. 

The positions and orientation of the complex ions as a whole having been found, it 
remains to determine the positions of the individual atoms in the chelate groups. In order 
to simplify this task, we have assumed that, as far as atomic positions are concerned, the 
complex ion is symmetrical about the line joining the centres of the carbon-carbon bonds 
(as well as about the b-axis). We have further assumed that the carbon-carbon and 
carbon-oxygen distances are 1-54 A. and 1-14 A. respectively, and that the angle between 
single carbon bonds is 109°; the last two values are those found recently from a study of 
benzoquinone (Robertson, Proc. Roy. Soc., A, 1935, 150, 106). We have then adjusted 
the position of the sulphur atoms and potassium ions to give the best agreement with the 
observed intensities, and the fig. shows the arrangement of the molecules in the (200) plane 
finally deduced in this way; the molecules in the next parallel (200) plane have the same 
relative arrangement but are displaced a distance 0-255 along the b-axis relative to the 
first layer, and if projected on the first layer are displaced a distance }a cos # parallel to the 
c-axis. 

The figure may be taken to represent the structure of any of the three compounds, the 
only important difference between them being in the metal-sulphur distance, which is rather 
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less for the nickel compound than for the other two. The following table shows the agree- 
ment between various observed and calculated intensities for the platinum compound. 
The optical properties of the crystals afford further confirmation of the general correctness 
of the structures; the birefringence is extremely. high, the maximum index being parallel 


to the c-axis, and the minimum perpendicular to (100). 


Intensity. Intensity. 
Plane. Calc. Obs. Plane. Calc. Obs. 
0 0 12,034 24 23 
400 137 137 002 72 90 206 34 45 
600 52 27 008 3 0 4013 24 
020 0 0 408 100 90 soi3 24 
040 94 70 8016 0 0 3010 22 


Intensity. 
Plane. Calc. Obs. 
200 605 560 060 


The complete structure is defined by the atomic co-ordinates as follows : 


a) Platinum and palladium derivatives. 


Pt (or Pd) —(4,4,0) (3.4.0) (2.8.3) (2,8,4) 

K (0-250,0-125,0-288) (0-750,0-125,0-288) (0-250,0-625,0-788) 
(0-750,0-375,0-788)  (0-250,0-125,0-288) (0-750,0-125,0-288) 
(0-250,0-625,0-212) (0-750,0-375,0-212) 

The co-ordinates of the atoms in the chelate groups attached to the platinum (or palladium) 

atom at (},4,0) only are given below; those for the others are readily derived by appro- 

priate translations, since all the complex ions are parallel. 


S (0-250,0-363,0-072) (0-250,0-113,0-072) (0-250,0-363,0-072) 
(0-250,0-113,0-072 


(0-250,0-025,0-137 
O (0-250,0-294,0-182 
(0-250,0-044,0-182) 


). 
(0-250,0-225,0-137)  (0-250,0-025,0-137)  (0-250,0-225,0-137) 

) 

) 


(0-250,0-044,0-182)  (0-250,0-294,0-182) 


(6) Nickel derivative. 
Niand K the same as Pt and K respectively above. 
S (0-250,0-360,0-063) (0-250,0-110,0-063) (0-250,0-360,0-063) 
(0-250,0-110,0-063) 
Cc (0-250,0-224,0-130) (0-250,0-026,0-130) _(0-250,0-224,0-130) 
(0-250,0-026,0-130) 
O (0-250,0-292,0-175) (0-250,0-042,0-175)  (0-250,0-292,0-175) 
(0-250,0-042,0-175) 
The principal interatomic distances are Ni-S = 2-30, Pd-S = 2-44, Pt-S = 2-44, and 
C-S = 1-83 A., and the valency angle of the sulphur atoms is within 2° of the tetrahedral 


angle. The above value of the Pt-S distance agrees reasonably well with the value 2-32 A. 
found in platinous sulphide (Bannister, Min. Mag., 1932, 23, 188). 

The K-O distance varies between 2-57 and 3-0 A., and the minimum K-S distance is 
3:73 A. The closest distance of approach of atoms in different complex ions is 3-2 A. 

In conclusion, it may be pointed out that in this series of investigations 14 four-co- 
ordinated derivatives of bivalent platinum, palladium, or nickel have now been shown to 
possess a planar configuration; in view of the diverse nature of the compounds studied, 
there can be no doubt that this configuration is quite general, and can only be modified in 
very special cases such as may occur with ter- or quadri-dentate chelate groups. 
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EXPERIMENTAL. 


Potassium Dithio-oxalate—This salt was prepared according to the method of Jones and 
Tasker (J., 1909, 95, 1904). 

Potassium Nickelodithio-oxalate.—Concentrated aqueous solutions of nickel sulphate (2 g. 
in 10 ml.) and potassium dithio-oxalate (2 g. in 4 ml.) were mixed at room temperature; a deep 
purple solution was at once produced, from which small, almost black crystals separated. On 
recrystallisation from hot water, large iridescent bipyramids were obtained [Found: Ni, 15-5; 
C, 12-8. Calc. for K,Ni(COS),: Ni, 15-6; C, 12-7%]. By allowing the solution to crystallise 
at 0°, some needles were sometimes obtained together with the bipyramids, but in no case was 
the needle form obtained alone, as would occur if the substance were dimorphous, as reported 
by Robinson and Jones (J., 1912, 101, 62). 

Potassium Palladodithio-oxalate—To a solution of potassium chloropalladite (1 g. in 25 ml. 
of water) was added an aqueous solution of potassium dithio-oxalate (1-1 g.in 5 ml.). Orange- 
yellow bipyramids of the palladium derivative separated [Found : Pd, 25-4; K, 18-1; C, 11-4. 
Calc. for K,Pd(COS),: Pd, 25-1; K, 18-3; C, 11-3%]. 

Potassium Platinodithio-oxalate.—An aqueous solution of potassium dithio-oxalate (1 g. in 
5 ml.) was added to a solution of potassium chloroplatinite (1-2 g. in 20 ml.), and the mixture 
kept for a few hours. Dark red crystals of potassium platinodithio-oxalate slowly separated and 
were recrystallised from water [Found: Pt, 38-1; K, 15-7; C, 9-3. K,Pt(COS), requires Pt, 
38-1; K, 15-2; C, 9-3%]. 

Crystallography.—Crystallographic data for the nickel derivative (I) were obtained by 
Hallimond (Robinson and Jones, loc. cit.), who described it as monoclinic prismatic with axial 
ratios a:b:c = 1-7637: 1: 28664; 8 = 109° 04’, the forms observed being {111} and 
s{I11} equally developed, with a{100} very small. Cleavage was found to be perfect on a and 
imperfect on b{010}; density 2-13 g./c.c. The palladium derivative was obtained, but no crys- 
tallographic data were recorded. The crystals prepared for the present work corresponded 
completely with this description; the palladium and platinum derivatives were closely similar, 
exhibiting the same forms and cleavages. It is convenient to re-allot indices according to the 
a(100) (111) s(I11) 
a(100) o(11I) p(0T1) 
a:b:c = 1-417: 1: 2-866; B = 143° 52’. 

The cell dimensions and space-groups were determined by means of single-crystal rotation 
and oscillation photographs with copper K, radiation, the results being : 

K,Ni(COS), : a = 10-99, b = 7-80, c = 22-23 A.; 8 = 144° 01; a:b:c = 1-409: 1: 2-850; 
number of molecules in the unit cell (nm) = 4, d (calc.) = 2-23 g./c.c. (obs. 2-17). Missing 
reflexions : {hkl} halved for (k + /) odd, all {h0/} halved, whence the space-group is A2/a(C},) 
and the molecular symmetry either 2 or I. 

K,Pd(COS),: a = 11-13, b = 7-78, c = 22-56 A.; B = 144° 05’; a:b: c = 1-430: 1: 2-900; 
n = 4; d (calc.) = 2-46 g./c.c. (obs. 2-40); space-group A2/a; molecular symmetry 2 or I. 

K,Pt(COS),: @ = 11-16, b = 7-63, c = 22-62 A.; B = 144° 04’; a:b:c = 1-462: 1: 2-965; 
n= 4; d(calc.) = 3-01 g./c.c. (obs. 2-94); space-group A2/a; molecular symmetry 2 or I. 

These results demonstrate conclusively the complete isomorphism of the three derivatives. 
X-Ray photographs showed that the needle-shaped crystals of the nickel derivative possess the 
same structure as the normal bipyramidal crystals, being elongated along the c-axis and bounded 
by the cleavage forms a and b. 

Intensity Measurements.—As the crystals were scarcely large enough to be examined on the 
ionisation spectrometer, the procedure adopted in comparing the intensities of two reflexions was 
to record them on one photograph, the stronger one being reduced by absorbing screens of 
aluminium foil until approximately equal (on the photograph) to the weaker one. The equality 
of the two reflexions could be judged by eye to about 10%, while the reduction due to the known 
thickness of aluminium foil could be calculated very accurately. Hence the relative intensities 
measured are accurate to about 10%. To obtain the absolute intensities of the nickel reflexions, 
they were compared with the {200} reflexions from rock-salt, no correction for absorption being 
necessary, since the linear absorption coefficients for copper K, radiation are respectively 155 
and 162 cm.'. The rock-salt crystal and the nickel derivative crystal used were of the same 
shape and approximately the same size, the crystals being measured under the microscope and 
a correction made for the slight difference in volume. As a two-crystal spectrometer was not 
available, the rock-salt and the dithio-oxalate crystal were photographed successively. To 
obtain uniform exposures, the X-ray tube (a Metalix tube run with half-wave rectification) was 
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run under as steady conditions as possible, the actual exposure being determined by a prepay- 
ment meter of the ordinary type in the primary circuit of the H.T. transformer. Careful and 
repeated tests showed that this procedure could be relied upon to give X-ray exposures repro- 
ducible within less than 5% ; the final absolute intensities for the nickel derivative are considered 
to be accurate within 10%, apart from any errors due to extinction. No allowance for extinction 
has been made, and in measuring the absolute intensities, the standard sodium chloride inten- 
sities have been calculated directly, James and Brindley’s ionic scattering factors (Z. Krist., 
1931, 78, 470) being used. This is equivalent to assuming that the extinction corrections are 
the same for rock-salt and for the nickelodithio-oxalate; the general character of the reflexions 
from the latter shows that the crystals are of a similar degree of imperfection to rock-salt, and 
in the actual experiments freshly cleaved fragments of both were used. 

In making the calculations of intensities for the proposed structure the atomic scattering 
factors (f) of James and Brindley (loc. cit.) were used, the geometrical structure factors (F) being 
calculated in the usual way, so that 





__ 1+ cos* 26 (= or y 
Tcate.) = sin 20 °\mol. wt. ~~ f 
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355. Mixed Melting Points in Eutropic Series. 
By H. D. K. Drew and J. K. LANDQUIST. 


Our attention was drawn to this subject by the following cases: (i) the acetylacetonates 
of the eutropic series aluminium, gallium, and indium melt between 186° and 195°, and but 
little depression is produced on mixing the compounds in pairs (Morgan and Drew, J., 
1921, 119, 1063); (ii) phenoxthionine and its analogues of the eutropic series sulphur, 
selenium, tellurium melt between 58° and 88°, and a mixture of all three melts at 55—85° 
(J., 1928, 512) ; (iii) the ethylenediethyldisulphine dichlorides of palladium and platinum 
melt near together (182°, 186°) and show little depression on admixture (Drew and Wyatt, 
J., 1934, 58); (iv) 3 : 5-dibromo-4-aminobenzophenone and the 3-bromo-5-iodo-compound 
melt at almost the same temperature and show little depression (Gibby and Waters, J., 
1931, 2151). 

We thought that, perhaps, in ideal cases, corresponding compounds of a eutropic series of 
elements would melt at temperatures lying near together, and that a mixture of all would 
melt within this range or nearly so, provided that there was close isomorphism among the 
compounds and that the valency angles of the eutropic elements were the same. It was 
found, however, that the published work on the subject had not apparently extended beyond 
mixtures of two compounds. There were very marked deviations from the proposed ideal 
in a number of cases, but not in others. It was therefore decided to investigate the matter 
further in the expectation that the differences would be minimised by further purification 
of the compounds concerned. Although we have not succeeded in removing or explaining 
the deviations, we record some of our results. The m. p.’s were obtained with a calibrated 
Anschiitz thermometer completely immersed. 

In Group IV, the tetraphenyl derivatives of C, Si, Ge, Sn, Pb were examined. Pascal 
(Bull. Soc. chim., 1912, 11, 321) had already observed some mixed m. p.’s in this series. 
The highest melting points recorded in the literature are : CPh,, 285° (corr.) ; SiPh,, 233° 
(uncorr.) ; GePh,,* 232° (uncorr.) ; SnPh,, 225-7° (corr.); PbPh,, 227-7° (corr.) : the fall 
is therefore not continuous, but it becomes so when our m. p.’s are substituted for the 
foregoing : 


* Kraus obtained m. p. 235-7°, using a thermocouple; but this value is probably not comparable with 
the rest. We are much indebted to Prof. G. T. Morgan, O.B.E., F.R.S., for a sample of GePh,Br from 
which we prepared the tetraphenyl compound. 
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SiPh,. GePh,. SnPh,. PbPh,. 
, 248—257° E, 245—255° E, 220—250° E, 220—250° 
237°5° F, 234—236° [M, 221—221-2°]* [M, 218°8°] 
233°4° E, 223—224° E, 222—223° 
229°2° [G, 226°7—226°8°] 
227°8° 

* The m. p.’s given in brackets are Pascal’s (/oc. cit.). 

E = equimolecular mixture; M = maximum depression; F = 57% SiPh,; G = 50% SnPh,. The 
percentages are by weight. 

The m. p. of the first member of the series, CPh,, shows a much greater difference from 
that of the second member than occurs with other adjacent members of the series. 

It will be seen that approximately equimolecular mixtures of adjacent members of the 
series melt at temperatures intermediate between the separate m. p.’s in the case of CPh, + 
SiPh, and of SiPh, + GePh, ; but in that of GePh, + SnPh, the mixed m. p. is some 6° 
below that of the lower-melting component, and in that of SnPh, + PbPh, there is a similar 
depression of some 2°. Examining the other possible mixtures, it is seen that the tetra- 
phenyls of C, Si, and Ge are compatible with one another from this point of view, but not 
with those of Sn or Pb; there is only a slight incompatibility between the tetraphenyls of 
the last two elements. Thus, in this series there is a change of some function (perhaps a 
slight change of valency angle) on passing from Ge to Sn, and a lesser similar change on 
passing from Sn to Pb. 

A mixture containing approximately equimolecular proportions of SiPh,, GePh,, SnPh,, 
and PbPh, melted at 221—222°; and one containing all five tetraphenyls in equimolecular 
proportions melted at nearly the same temperature (220—221°). 

Since no mixed m. p.’s appear to have been taken with GePh,, the m.-p. curve for 
SiPh, + GePh, was observed by Rheinboldt’s micro-method (J. pr. Chem., 1926, 118, 348). 
The temperatures at which the mixtures were completely molten could be observed with 
considerable accuracy, after complete preliminary mixing of the materials by fusion; 
but the temperatures at which melting just began were very difficult to observe, and the 
results are only approximate. In all cases the temperatures were observed repeatedly 
until their constancy indicated that the mixing was complete : 

100-0 80-0 57°5 23°3 0-0 
Melting began at 235°5° 234:3° 232°7° (?)  233°4° 
Melting completed at , 237°1° 236°0° 234°5° 233°4° 

In Group V, the triphenyl derivatives of N, P, As, Sb, and Bi were examined. Pascal 
(Bull. Soc. chim., 1912, 11, 595; 1923, 38, 170) obtained the following m. p.’s for these 
substances: NPhg, 127-5°; PPhs, 79-1°; AsPhs, 59-0; SbPhg, 58°; BiPh3, 76°. We 
attempted to purify the substances further, but succeeded only in recording small alterations 
in three m. p.’s, viz., AsPhg, 60-5°; SbPhs, 55°; BiPhg, 78-3°. Pascal found a depression 
of m. p. (63-5°) for NPh, + PPh, and also for AsPh, + SbPh, (37-5°), but an intermediate 
m. p. (642°) for PPh, + AsPhs. There were depressions for: NPhg + AsPhg, to 45-5°; 
AsPh, + BiPhg, to 40°; and PPh, + BiPh,, to 42°. We repeated some of Pascal’s observ- 
ations, which were on the whole confirmed : 

M. p. M. p. 

(obs.). (Pascal). (ob (Pascal 
PPh, (45°4%) + AsPh, 64-5° 64°2° AsPh, (70%) + SbPhg 42°1° 37°5° 
PPh, (47%) + BiPh,  56—57 42 AsPh, (75%) + BiPh, 44°3 40-0 


M. p. M. p. 
S.). ). 


Our temperatures here are uncorrected and are less accurate than Pascal’s, but in some 
cases our material may have been purer than his. 

It will be seen that this series shows large depressions. The outstanding features are 
that N and Bi are divergent from the other elements, and that only P and As are compatible 
with one another. It is clear that the relationship between the five elements of this group 
is not so close as that of the five elements of Group IV, but the purity of some of the mate- 
rials is still doubtful. Pascal’s results for the oxides and sulphides of PPh;, AsPh,, and 
SbPh, (Bull. Soc. chim., 1923, 33, 170) point for the most part in the same direction. 

Pascal’s results (ibid., 1912, 11, 1013) for OPh,, SPh,, SePh,, and TePh, show a less 


5D 
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close relationship between the four elements of Group VI than is shown in the phenox- 
thionine, etc., series; but it is doubtful whether the last two compounds have yet been 
obtained in a pure state. 

In Group VII, reference may be made to the work of Bruni and Gorni (Aiti R. Accad. 
Lincei, 1899, 8, ii, 181; 1900, 9, ii, 326); of Nagornov (Z. physikal Chem., 1911, 75, 578) ; 
and of Kiister (#bid., 1891, 8, 577). 

Austin (J. Amer. Chem. Soc., 1930, 52, 1049), applying Lindemann’s formula to mole- 
cules, deduced the following relationship between the absolute m. p. (T°), the density at 
the melting point (D,,), and the molecular weight (M) of organic compounds in homologous 
series: M*® = CD*T?, where C is a constant. This formula, however, cannot be applied 
to the above eutropic series. 

We noticed that, for the series of Groups IV and V, the expression M‘Tr/Di,, where r 
is the calculated radius of the molecule (in Group V, the distance from the centre of the 
central atom to the periphery of the molecule), approximates to a constant for the particular 
series. The constancy is sharper for those elements which are the more closely related as 
deduced from the mixed melting points; but nevertheless it seems probable that the 
relationship has no fundamental significance. 


We are indebted to the Chemical Society for a grant. 


QUEEN Mary CoLieGEe (UNIVERSITY OF LONDON). [Received, July 27th, 1935.) 





“2 


356. Mechanism of, and Constitutional Factors controlling, the Hydro- 
lysis of Carboxylic Esters. Part VII. cycloPentanedicarboxylic 
Esters. Attempted Check on the Calculation of Molecular Dimensions. 


By CHRISTOPHER K. INGOLD and H. G. G. MOHRHENN. 


It has been suggested in previous parts of this series that the velocity coefficients of the 
hydrolysis of carboxylic esters are connected with the spatial configuration of the esters in 
such a way as to permit the calculation of molecular dimensions on the following basis. 
Two esters are compared which differ only in the circumstance that one contains a polar 
group not possessed by the other. This constitutional difference creates a difference with 
respect to the potential energy of the same polar reagent at the moment of its reaction with 
each ester. In certain circumstances this potential-energy difference can be calculated. 
If it can, the assumption may be made that, owing to the similarity of the two esters, the 
non-exponential factor of reaction velocity is the same for both.* It follows that the differ- 
ence of potential energy will merely produce a corresponding difference of critical energy, 
which can then be simply related to the ratio of the reaction velocities at any given 
temperature. 

The possibility of calculating the potential-energy difference due to the polar substituent 
depends on a knowledge of (a) the electrical specification of the reagent, and (0) the polar 
field of the substituent, at the seat of the reaction. With regard to (a), the important 
quantities concerning the reagent are its ionic charge and electric moment. The latter, 
however, is not the same at the instant of reaction as at any earlier time, because the 
individuality of the reagent has become lost in the formation of the critical complex. The 
ionic charge is the only electrical constant of the reagent which can be considered known at 
the moment of.reaction, because it is the only one which the reagent carries unchanged into 
the critical complex.t Therefore attention is confined to ionic reagents, for which the 
potential energy is controlled mainly by the ionic charge. Concerning (0), the field of the 
substituent, whether this be an ionic charge or a dipole, can in first approximation be treated 


* It should be recognised that this is an assumption without strict foundation, and is unlikely to 


be exactly true. 
{ This restriction on the validity of electrostatic calculations of polar effects on reaction velocity 


seems to us of great importance, but it has not always been recognised. 
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by Coulomb’s law; thus does the distance between the polar substituent and seat of reaction 
obtain connexion with the measured velocities. This approximation, however, neglects 
certain more or less serious disturbances. The chief of these arise from (i) the propagation 
of electrical effects through the bonds of the ester molecule itself, and (ii) local variations in 
the dielectric properties of the medium. These difficulties are also encountered in the 
calculation of molecular dimensions from the dissociation constants of dibasic acids; for 
here the distance between the ionic charges in the dibasic anion would enter through 
Coulomb’s law into relation with the measured quantities were it not for the same two 
disturbances. Concerning this problem, Gane and Ingold showed that disturbance (i) 
was practically limited to certain types of structure the use of which could easily be avoided. 
They found, on the other hand, that disturbance (ii) was general, but that an allowance for it 
could be made by means of an approximate theoretical calculation (J., 1931, 2153, 2179). 
In Part VI (J., 1931, 2170) these conceptions were applied to the problem of calculating 
molecular dimensions from reaction velocities in the field of ester hydrolysis : disturbance 
(i) was obviated by a proper choice of structure, whilst (ii) was allowed for theoretically. 
However, since the calculation concerning lecal effects in the dielectric applies only to the 
field of a free ionic charge, it was necessary that the polar substituent should be an ionic 
centre, and therefore the comparison instituted was between the rates of the first and second 
stages of the alkaline hydrolysis of symmetrical dicarboxylic esters: the ionic charge 
produced in the first stage was the “ polar substituent ” for the second, and the reagent for 
both stages was the hydroxide ion. 

It was considered desirable to control these methods of calculation as far as possible 
by application to molecules the relevant dimensions of which could be considered known. 
In a recent paper, we applied such a check to Gane and Ingold’s treatment of the calculation 
of molecular dimensions from acid strengths (this vol., p. 949). The symmetrical dibasic 
acids chosen for the purpose were the cis- and tvans-cyclopentane-l : 2- and 1 : 3-dicarb- 
oxylic acids, since these acids, besides largely avoiding disturbance (i), can be considered 
more justly than most others to possess a fixed configuration involving known valency 
angles. In this paper we attempt a similar check on Ingold’s treatment of molecular 
dimensions in relation to ester hydrolysis. For this purpose we employ the methyl esters 
of the same four cyclopentane acids for identical reasons. 

In the model employed to determine what the dimensions should be, we assume as 
before (1) rigidity, (2) C-C distances equal to 1-54 A., (3) extracyclic valency angles equal 
to 109-5°, (4) that the ends of the determined distance are situated on the symmetry axis 
of each carboxylate ion at a distance of 1-00 A. from the corresponding carbon nucleus. 
All these assumptions except (2), which is certain to within 2%, involve definite approxim- 
ations. Assumption (4), although originally indicated by Gane and Ingold, is necessarily 
arbitrary in the present connexion. 

The observed rate constants for the two stages of hydrolysis of the cyclopentane esters 
by hydroxide ions are given in a later section. The solvent was water, since the calculation 
of the local dielectric disturbance has been performed only for this medium. The measure- 
ments were made in very dilute solution in order to minimise complications attributable 
to finite ionic strength. 

In Table I we compare intramolecular distances (A.) calculated from the ionisation 
equilibria of the four cyclopentane acids, those deduced from the rates of saponification of 
their methyl esters, and those given by the model specified above. The distances in the 
top three lines are calculated without the correction for local dielectric effects, the basis 
of the calculations being, in order: (i) Wassermann’s data for the ionisation constants of the 
acids (Helv. Chim. Acta, 1930, 13, 207, 223), (ii) our results for these equilibria (loc. cit.), 
and (iii) the results recorded in this paper on the rates of hydrolysis of the esters. The next 
three lines of the table exactly correspond except that now the correction for local dielectric 
variations is applied. The last line contains the distances given by the model. 

These figures confirm the general validity of the correction for local electrical effects 
in the aqueous medium; but deviations remain, the causes of which cannot be traced in 
detail. The most probable causes would, however, appear to be the following: (1) In- 
adequate treatment has been accorded to the essentially discontinuous character of the 
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TABLE I. 


Inter-carboxyl Distances of cis- and trans-cycloPentane-1 : 2- and 1 : 3-dicarboxylic Actds, 
as deduced from Ionisation Constants, and of their Methyl Esters, as deduced from Rates of 
Alkaline Hydrolysis. 


cis-1:2-.  tvans-1: 2-. cis-1:3-. tvans-1: 3-. 
Without dielectric correction : 
K’s of acids (Wassermann) 
~- sos: | le CINE Bh Do sectcrrenssesancasascoressede 
k’s of hydrolysis of esters 
With dielectric correction : 
K’s of acids (Wassermann) 
»» | SPINE, Bh catacesseecacececsescocncseses 
k’s of hydrolysis of esters 
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medium in the region in which the potential field varies strongly (cf. Gane and Ingold, loc- 
cit.). (2) We have calculated the disturbance caused by the field of the polar substituent to 
the properties of a medium which, it is supposed, would otherwise have been normal; 
we should have calculated the further abnormality conferred by the field of the substituent 
on a medium which is already disturbed by the reacting group: the departure of the two 
disturbances from additivity has therefore been neglected. (3) The validity of our model is 
doubtful in many respects, but especially with regard to the location of the points between 
which the determined distance lies; in the ester problem, at any rate, these points might 
not even lie on the carboxylate symmetry axes; and in this case the preference of the 
carbomethoxy-groups for particular rotatory orientations would certainly modify the 
measured distances. (4) We have neglected the internally propagated electric effect 
of the polar substituent. (5) The electrostatic theory takes account of interaction between 
poles, but neglects the contributions of dipoles and higher multipoles to that part of the 
potential energy of the collision complex which depends on the ionic substituent. (6) The 
theory also neglects those solvation differences of which the electrostatic description would 
refer to changes in the pressure field of the solvent surrounding the collision complex. 

Of all these possible causes of deviation, numbers (1), (2), and (3) are likely to be the 
most serious. There are reasons of analogy for believing that disturbance (4) is usually 
small, although possibly not always negligible (Part VI, Joc. cit.); and disturbances (5) 
and (6) have been shown by calculation to be small (J., 1931, 2187 et seqg.). Concerning (6), 
the discussion in the paper cited was incomplete in one respect and the omission may now be 
remedied. The inhomogeneous pressure field around an ion will exert a compressional as 
well as a translational force both on the dissolved reagent and on its equivalent in terms of 
(displaced) solvent : the energy of compression, as well as that of position, due to the press- 
ure field should have been taken into account. A short calculation shows that the order of 
magnitude of the compression term does not exceed that of the position term; and 
accordingly, the whole effect of the pressure field is small in comparison with the main 
part of the electrostatic effect. 


EXPERIMENTAL. 


Materials.— Methyl cis-cyclopentane-1 : 2-dicarboxylate was prepared from the corresponding 
acid (12-6 g.) through the silver salt, which, after thorough drying over phosphoric oxide in a 
vacuum, was boiled with methyl iodide (50 g.) in benzene (60 c.c.) for 3-5 hrs. The ester after 
a first distillation was treated in ether with a little lime to remove a trace of acidity, and re- 
distilled several times. It had b. p. 116—117°/12 mm. (Found: C, 58-0; H, 7-5. C,H,,0, 
requires C, 58-0; H, 7-6%); yield 10-4 g. 

Methyl] /rvans-cyclopentane-1 : 2-dicarboxylate was prepared by treating a solution of the 
acid (10 g.) in anhydrous methyl alcohol (10 c.c.) and sulphuric acid (0-5 c.c.) at 81° with the 
vapour of methyl alcohol (from 225 c.c. of liquid) for 6 hrs., during which the volume was 
maintained approximately constant. The ester, isolated by the use of ice and sodium carbonate, 
and purified by distillation and freezing, had m. p. — 3-5°, b. p. 119—120°/16 mm.; yield 
10-2g. (Found: C, 58-0; H, 7:7%). Ostling gives b. p. 118-5—119°/17 mm. (J., 1912, 101, 
475). 
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Methyl cis-cyclopentane-1 : 3-dicarboxylate, prepared through the silver salt of the acid as 
described for the cis-1 : 2-isomeride, had b. p. 140°/25 mm., 124—126°/12 mm. (Found: C, 
57-9; H, 7-6%). Pospischill gives b. p. 138—138-5°/25 mm. (Ber., 1898, 31, 1950), and Diels, 
Blom, and Koll give b. p. 124—125°/13 mm. (Annalen, 1925, 448, 242). On saponification 
with aqueous sodium hydroxide, it yielded the cis-1 : 3-acid free from any of the trans-iso- 
meride. 

Methyl trans-cyclopentane-1 : 3-dicarboxylate was prepared by adding an ethereal solution of 
diazomethane to an ethereal solution of the acid (2-0 g.) until a distinct yellow colour remained. 
After 1-5 hrs. the ether was removed and the ester distilled. It has b. p. 132°/ca. 30 mm., and 
the yield was 1-95 g. Semmler and Bartelt give b. p. 118—120°/9 mm. (Ber., 1908, 41, 385). 

Measurements.—The general method was that described by Ingold (/oc. cit.). The temper- 
ature of the measurements was 20-00° + 0-05°. The hydrolyses and titrations were done with 
carbonate-free aqueous sodium hydroxide, which was obtained by centrifuging a solution 
prepared from equal weights of sodium hydroxide and water, and diluting the clear liquid with 
carbon dioxide-free distilled water of good quality. Freedom from carbonate was proved by titra- 
tion with sulphuric acid with the differential use of phenolphthalein and bromophenol-blue as 
indicators. The hydroxide solutions were preserved in waxed bottles with rubber stoppers 
fitted with the usual syphons and soda-lime tubes. 

For the determination of the rate constant of the first stage of hydrolysis, 0-002M-solutions of 
reactants were employed. An aqueous solution of the ester (usually about 0-37 g.) was made up 
to 500 c.c. in the thermostat, and then poured into a large dry flask also in the thermostat. An 
equivalent of sodium hydroxide was also made up to 500 c.c. in the thermostat, and, after 
temperature equilibrium had been attained, was poured into the solution of the ester, the mean 
time of the addition being accepted as the time of commencement of the reaction. The portions 
withdrawn (50 c.c.) were run into 0-01N-hydrochloric acid (10 c.c.), the mean time of mixing 
being taken as the time of arrest of hydrolysis. Near the end-point in the succeeding titration 
with 0-01N-sodium hydroxide, the cresol-red indicator turned blue for a moment with each 
additional drop of the alkali, and the end-point was taken as that point at which the blue colour 
became much more stable. This method was found to give consistent results, and the curves 
obtained by plotting the fall in alkalinity against the time passed through the origin. In the 
measurements of the second stage of hydrolysis the solutions were 0-002M with respect to the 
sodium salt of the acid ester, except for the cis-1 : 2-compound, the hydrolysis of which was so 
slow that the initial concentration was increased to 0-006M. The titrations were considerably 
easier than for the first stage of hydrolysis owing to the greater constancy of the indicator 
colour near the end-point. In titrating to the theoretical py, which for the second-stage experi- 
ments lay in the range 8-0—8-6, it was, as before, found advantageous to use colour standards 
prepared from the indicator and suitable buffers (loc. cit.). The times over which the hydrolyses 
were followed varied from less than } hour, for the first stages of three of the esters, to a week 
or more, for the second stage of the cis-1 : 2-compound. 

Solutions of the sodium salt of the acid ester were prepared for measurements on the second 
stage of hydrolysis by half-saponifying the neutral ester with 1 mol. of sodium hydroxide, or, 
in some cases, with a 5% excess. After removal of the neutral ester by repeated extraction with 
chloroform and light petroleum, traces of emulsified solvent were rendered by means of a stream 
of carbon dioxide-free air. The hydrolysis frequently carried the py of the solution into the acid 
region. Any such acidity was determined by titration of a sample, which was subsequently 
used for the estimation of the concentration of acid ester by means of its saponification value. 
These determinations were always carried out at least in duplicate, and a further sample of the 
same half-hydrolysed and extracted solution was used for the velocity measurement. 

Results.—In the following tables, a, is the initial concentration of neutral ester, a, that of 
sodium salt of acid ester, and b that of hydroxide ions; w is the fallin the concentration of hydr- 
oxide ions after a time ¢ from the commencement of reaction; and k, and k, are the velocity 
constants for the first and second stages of hydrolysis. Concentrations are in mols. /litre, time 
in mins., and velocity constants in litres/mol./min. 

Table II records a typical experiment for the determination of k,, and Table III one for the 
measurement of k,. The calculation of the latter constant from the data is straightforward. 
The calculation of k, involves the use of the approximation formula (/oc. cit.), viz., 


u uf ky \ u* Tk, , 2k? 
t=aaltt 50a) tae ae tae) | 
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which is deduced for the special case in which b = a,, and can be applied with accuracy to the 
first 30—40% of reaction. An approximate value of k, (estimated by inspection) and the 
determined value of k, are substituted in the right-hand side of the equation along with the initial 
concentration a, and the readings u. The ?’s thus calculated are compared with the observed 
t’s; and the mean ratio of the observed and calculated ?’s, if not too far from unity (i.e., if the 
original estimate of k, is a good one), gives the factor by which the provisional k, must be cor- 
rected. Table IV summarises the constants, and also gives the values of the expression log 
(k,/2k,), from which the distances in Table I have been calculated. 


TABLE II. 


First Stage of the Hydrolysis of Methyl trans-cycloPentane-1 : 2-dicarboxylate by Sodium 
Hydroxide in Water at 20-0°. 


10°a, = 10°) = 2:00. Observed k, = 0°948. Provisionally assumed k, = 19°0. 


t (obs.). 10°. t (calc.). ¢ (calc.)/t (obs.). _¢ (obs.). 10°. t (calc.). ¢ (calc.) /t (obs.). 
2°05 0°144 2°03 0°99 11°23 0°602 10°87 0°97 
4°05 0°272 4:10 : 12°30 0-638 11°75 0°96 
5°18 0°336 5°24 ; 13°55 0-694 13°20 0°97 
6°17 0°390 6°24 . 14°72 0°726 14°04 0°96 
7°20 0°438 7°22 . 15°80 0°762 15°04 0°95 
8°13 0°480 8:09 ; 17-00 0°804 16°25 0°96 
9°13 0°528 9°15 . 18°42 0°818 16°68 0°90 
10°25 0°570 10°10 : Mean of first 12 values 0°989 
k, = 19:0 x 0989 = 18°79. 


TABLE III. 


Second Stage of the Hydrolysis of Methyl cis-cycloPentane-1 : 2-dicarboxylate by Sodium 
Hydroxide in Water at 20-0°. 
10°a, = 2°411; 10%) = 2-411. 

&. 10°. ho. , 10°. Rg. 
89-0 0°941 2°98 1-351 3°30 
99°0 1-088 3°44 1391 3°31 
111°0 1-152 3°42 1-415 3°17 
134°0 1-232 3°23 1-470 3°72 
146°0 1287 3°23 Mean 3°29 


TABLE IV. 


Summary of Rate Constants for the First and Second Stage of Hydrolysis of the Methyl cyclo- 
Pentanedicarboxylates with Hydroxide Ions in Dilute Aqueous Solution at 20-0°. 


Ist Stage. 2nd Stage. Mean values. 











Ester. 10%4,=10%. hy. 10%a,. 10%. ky. hy. ky.  log(k,/2h,). 
( 5594 = «5594 =: 00173 


1-967 3°32 5°869 11°09 0°0167 


cis-1:2- - 0-0172 3°33 -0°0171 1-99 


| 1981 3°34 5868 13°47 
5916 10°83 0:0170 

2-720 4606 0:966 

2-010 18°6 1-685 1685 0-979 
2-891 2891 0:953 

| 2-004 18°8 2-776 27176 0961 
3-228 3228 0977 


2°685 2-685 3°26 

; 1:995 19°2 2-411 2-411 3°29 
cis-1 : 3- 1°857 19°5 2-338 2-338 3°16 
1°841 19°3 2°192 2°192 3°33 

2-024 19°6 2°182 2°182 3°03 


1-936 19°5 2°194 2-194 3°33 
1-733 20°2 2°427 2°427 3°37 


trans-] : 2- - 


trans-1 : 3- { 


19°9 3°35 0°47 


UNIVERSITY COLLEGE, LONDON. (Received, August 23rd, 1935.] 
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357. The Heat of Adsorption of Gases on Zinc Oxide and ZnO-Cr,O, at 
Low Pressures and Room Temperatures. 


By W. E. GARNER and F. J. VEAL. 


THE heats of adsorption of hydrogen and carbon monoxide on oxide catalysts at liquid- 
air temperatures are of the same order as those obtained when gases are adsorbed on mica 
or rock-salt (viz., 0-5—2 kg.-cals./mol.); but at higher temperatures, whether directly 
measured or calculated from the adsorption isobars, they are 10—20 times larger. For 
instance, Taylor and Sickman (J. Amer. Chem. Soc., 1932, 54, 602) found for hydrogen on 
zinc oxide, at low temperatures, 1-1 kg.-cals., and at 450° K, 21 kg.-cals. per mol. As far 
as can be gathered from the experimental data, the adsorbed gases in both types can be re- 
covered unchanged on evacuation. The two types are quite distinct, as is shown by their 
separation by minima on the adsorption isobars obtained by H. S. Taylor and his co- 
workers (see also Benton, Trans. Faraday Soc., 1932, 28,209). Taylor has called the second 
type of adsorption “‘ activated,” because it takes place at rates which vary with temper- 
ature, and from these rates he calculates the energy of activation of the adsorption process. 
However, the adsorbents are porous, and time will be required for the passage of the gas 
through fine capillaries or for its solution in the crystalline lattice (Ward, ibid., p. 399), 
and the activation energy measured could be that of the surface flow down the capillaries 
(Lennard-Jones, ibid., p. 333). In experiments where slow adsorption processes have been 
investigated, such as those of hydrogen on copper (Ward, Proc. Roy. Soc., 1931, 188, A, 
522), of hydrogen chloride on rock-salt (Bradley, Trans. Faraday Soc., 1934, 30, 587), 
and of sulphur dioxide on cellulose (Wheeler, unpublished), the data obtained are in good 
agreement with the theory that the rate-determining factor is that of capillary flow. There 
is but little evidence in favour of the view that the slow rate of the second type of adsorption 
is due to the activation energy of the adsorption process. 

The use of the term “‘ activated ”’ for the second type of adsorption is open to criticism ; 
for, first, there has been no proof that it possesses an activation energy, and secondly, 
it directs attention to an attribute which is not specific to this type of adsorption alone 
but is an essential feature of chemisorption. If its only distinctive feature is that it 
possesses an activation energy, then the older term, chemisorption, is to be preferred. If, 
on the other hand, there is a fundamental difference between it and chemisorption, then 
the term “‘ activated ”’ adsorption is still unsatisfactory since it does not indicate what is 
the essential difference between the two types. 

In addition, there is a third type which is irreversible. One of us and Kingman (Trans. 
Faraday Soc., 1931, 27, 322) showed that when hydrogen or carbon monoxide is adsorbed on 
ZnO-Cr,O, at room temperature (heat of adsorption, 20 kg.-cals.), the gas could be recovered 
unchanged on raising the temperature, whereas at 200° it was again adsorbed but this time 
irreversibly. The catalyst had not been specially reduced with hydrogen at high temper- 
atures, and Taylor suggested (Trans. Faraday Soc., 1932, 28, 433) that the readsorption was 
due to the presence on the surface of oxygen, which entered into reaction with the hydrogen. 
Any oxygen present must have been there in chemical combination with the surface (Q = 
43 kg.-cals.), and it is therefore probable that the irreversible adsorption is due to a chemical 
change between the hydrogen or carbon monoxide and a higher oxide of chromium, the 
product of which is not decomposed below 300—400°. Kistiakowski and Flosdorf (J. 
Physical Chem., 1930, 34, 1907) observed that the freshly prepared mixed oxide gives a heat 
of adsorption of hydrogen of 60 kg.-cals., and noted that the hydrogen could not be re- 
covered as such on evacuation but was evolved as water at high temperatures, whereas 
on the reduced catalyst the heat was much smaller and the hydrogen could be recovered 
unchanged. There is thus little doubt as to the existence of the third type of adsorption. 

In the present investigation, measurements have been made of the heats of adsorption 
of a number of gases on zinc oxide and ZnO-Cr,Os, with a view to elucidate the nature of the 
adsorption processes occurring on these catalysts. The principal object has been to survey 
the whole field, and not to study any particular aspect in great detail. 
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EXPERIMENTAL. 


The Adsorption of Hydrogen on ZnO-Cr,O, at Room Temperatures.—Kistiakowski and 
Flosdorf’s experiments, which showed that the oxidised and the reduced catalyst behave differ- 
ently towards hydrogen, have been confirmed, although the heats of adsorption now found are 
lower than theirs. 

The mixed oxide, prepared as described by Taylor and Sherman (Trans. Faraday Soc., 1932, 
28, 249), was reduced at 400° until no more hydrogen was taken up. It was then activated at 
460° for 3 hrs. in a high vacuum, this temperature being chosen because lower temperatures give 
a much less adsorptive product. The oxide was dark green, in marked contrast with that used 
in earlier work (loc. cit.), which was white or slightly purple. Hertel and Holt (Z. physikal. 
Chem., 1935, B, 28, 393) showed that basic zinc chromate on being heated above 400° is converted 
into an oxide which gives the X-ray diagrams of a spinel, ZnCr,O,, and zinc oxide, and that 
the last could be extracted with dilute hydrochloric acid. Analysis shows that the oxide 
used in our experiments (Found: ZnO, 47-5; Cr,O;, 48-9%) contained an excess of zinc oxide 
over that expected if ZnCr,O, were the sole constituent. 

The adsorption of hydrogen on the mixed oxide is slow but is nearly completed within an 
hour. The heats were measured in calorimeter le (see preceding paper) by adding successive 
quantities of hydrogen to the catalyst at 2-hour intervals without evacuation or baking-out 
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between the admissions of the gas. The results for any series always showed a slight downward 
drift as the surface became covered with hydrogen. A typical series is shown in Table I. 
Between Expts. 4 and 5, the oxide was left over-night. 


TABLE I. 
Weight of ZnO-Cr,O,, 14:8 g. Temp. of thermostat, 17°. 


_ of H,, c.c. at N.T rods ‘teil dik at Heat of 
adsorbed after Press. at 5 mins. sorbed at 5 mins. adsorption 
admitted. 5 mins. (cm. x 10-%). (c.c. at N.T.P.). (kg.-cals. /mol.). 
0-324 0-289 4°68 0-289 12°3 
0°336 0-239 12°97 0°561 
0°337 0-201 19°84 0°852 
0°361 — 27-08 pan 
0°349 0-178 22°60 1°38 
0-364 0-135 33°52 1-66 
1-80 0°42 189°7 2°26 
The experimental results for all the series are collected in Fig. 1, and the fluctuations observed 
are probably due to variation in the conditions of the baking-out, for a difference of 1° or 2° 
in the neighbourhood of 460° affects the activity of the catalyst appreciably. Adiabatic and non- 
adiabatic measurements gave the same heats within the experimental error. The pressures 
above the catalyst after 5 mins. exceed 5 x 10° cm., so that there can be only a negligible 
temperature gradient across the adsorbent, and hence the thermocouple records the average 
temperature of the adsorbent in all cases. The downward drift is therefore not due to a pro- 
gressive decline of the inequalities of temperature. The cooling correction amounts to only 
3—5%, so there is little chance of error on account of corrections for heat loss. Consequently, 
the downward drift in the values is probably real. The break in the drift between Expts. 3 and 
4 is due to diffusion of the adsorbed gas into the grains over-night : this is a very common effect 
on porous adsorbents. 
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Part of the hydrogen adsorbed on the reduced oxide can be rapidly removed on evacuation at 
room temperature, but temperatures above 100° are required to remove most of it. When 
0-26 c.c. is adsorbed, the total heat of desorption is only one-seventh of the heat of adsorption, 
and one-third when 1-2 c.c. are adsorbed. This indicates that the adsorption on the reduced 
surface is composite in character. 

After the above series, the oxide was evacuated at 400° to remove adsorbed hydrogen, and 
then oxidised at the same temperature, 120 c.c. of oxygen being taken up. It was then activ- 
ated at 460° for 3 hours; 0-28 c.c. of hydrogen was admitted, and the heat of adsorption 
measured. In four experiments, Q = 49-7, 46-7, 48-1, and 47-5 kg.-cals./mol. The adsorption 
was slow, and the amount of gas adsorbed after 5 minutes was small, ~ 0-06 c.c. The heat of 
desorption at room temperature is about one-eighth of the heat of adsorption, and the remainder 
cannot be desorbed below 200°. Therefore, the true heat of adsorption of the irreversible 
process may be very high, ~ 90 kg.-cals. The heats were independent of the time, and the gas 
pressures were high enough to maintain a uniform temperature across the adsorbent. A second 
admission gave 13 kg.-cals. after 0-16 c.c. had been adsorbed, indicating some reduction of the 
surface by the adsorbed gas. The two types of adsorption are obviously difficult to separate 
in the case of the adsorption of hydrogen on ZnO-Cr,O;. 

The catalyst was now progressively reduced, and heats were measured at various stages 
during the reduction. Hydrogen was admitted Fic. 2 
in known amounts to the cold oxide, and the cw 
temperature gradually raised to 400°. This 
procedure ensured that the oxide was uniformly 
reduced. The oxide was activated as before in 
a vacuum for 2 hours at 460°, and in each experi- 
ment in the series, 0-27—0-28 c.c. of gas was ad- 
mitted. Fig. 2 shows the heats of adsorption 
and the quantity of gas adsorbed after 5 mins. 
plotted against the amount of hydrogen used in 
the reduction of the catalyst. The adsorption 
at room temperatures was always very small 
compared with the quantities of hydrogen used 
in the reduction. The ratio of the area of ad- 
sorption to that of the reducible surface is 
1 : 4000 for the oxidised surface, falling to about 
1: 100 for the reduced surface. From Fig. 2 it 50 700 750 
will be seen that the amount adsorbed decreases Reduction, in c.c. of hydrogen. 
to a flat minimum before increasing,* and the 
heat of adsorption falls very slowly from 48 to 13 kg.-cals. The amount of gas adsorbed on 
the oxidised centres can be calculated from these curves. On the assumption that there are 
only two types of adsorption centres with heats of 48 and 13 kg.-cals. respectively, the 
following values are obtained : 
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Vol. H, used in reduc- : 
tion (c.c.) 10 30 5O 70 80 90 100 110 120 130 140 


C.c. x 102 on oxidised 
centres A 56 5°7 58 53 4°7 3°7 3°0 2-0 11 0°3 0:0 


The oxidised centres are not appreciably diminished in number until one-half of the surface is 
reduced, indicating that these centres are situated at an interface between the oxidised and the 
reduced areas. 

The Adsorption of Carbon Monoxide on ZnO-Cr,0,.—The adsorption of carbon monoxide was 
not studied in the same detail as that of hydrogen, only sufficient work being done to obtain a 
general idea of the behaviour of the gas. As with hydrogen, the oxide was reduced at 400° 
until no more hydrogen was used, and then activated at 460° for 3 hours. Calorimeter le was 
employed. Table II gives the heats for successive admissions, there being an interval of 2 hours 
between the experiments except between Expts. 5 and 6, where 24 hours elapsed. 

When 0-74 c.c. was adsorbed, the heat of desorption was about 20% of the heat of adsorption, 
showing that here also the adsorption was composite in character. 

The heats are of the same order as those obtained with hydrogen, and fall off with successive 


* Very similar curves were found by Kingman (Trans. Faraday Soc., 1931, 27, 654). 
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additions of gas in much the same way. They show but little drift during a single experiment, 
as is usually the case when the heat is but slightly dependent on the area covered. 


TABLE II. 
Adsorption of carbon monoxide on reduced ZnO-Cr,O, at 18°. 
Vol. of CO, c.c. at N.T.P. 


r 


ns Press. at Total vol. ad- Heat of 
adsorbed after 5 mins. sorbed at 5 mins. adsorption 
admitted. 5 mins. (cm. X 10°). (c.c. at N.T.P.). —_ (kg.-cals./mol.). 

0°282 0°257 3°33 0-257 14°9 
0°284 0-218 9°71 0-492 "  12°0 
0°279 0-183 17°1 0°714 _— 
0°268 0°161 26°5 0-911 10°9 

é 0°277 0°153 37°2 1-11 10°7 

6 0°280 07146 33°3 1°42 12°3 





Carbon monoxide is very strongly adsorbed on the oxidised catalyst, and the rate of adsorp 
tion is more rapid than in the cases previously discussed. In consequence, the gas pressure 
in the first admission falls below that allowable for accurate working of the calorimeter and thus 
the first value in Table III may be somewhat high. The heat of adsorption falls off from 44 to 
16 kg.-cals. as the surface becomes covered with carbon monoxide, and this is due to a reduction 
of the surface by the first quantities of adsorbed gas and a subsequent adsorption on reduced 
centres (see below). On account of this fall, the heats of adsorption increase with time (cols. 
6 and 7), owing to the diffusion of the gas into the interior of the grains, which leaves the external 
surface in a more active state. This is borne out by the effect of leaving the surface over-night 
between Expts. 5 and 6: it will be seen from col. 4 that the rate of adsorption in Expt. 6 is 
greater than in Expt. 5. 


TABLE III. 
Adsorption of carbon monoxide on oxidised ZnO-Cr,O, at 18°. 


Vol. of CO, c.c. at N.T.P. Heat of adsorption 
A Press. at Total vol. ad- (kg.-cals. /mol.). 


Expt. adsorbed in 5 mins. sorbed after 5 mins. —— . 

admitted. 5 mins. (cm. x 10°’). (c.c. at N.T.P.). 5 mins. 10 mins. 
0°271 0°260 1-40 0°260 40°4 44:0 
0°273 0°232 5°39 0-502 30°5 36°6 
0°272 0°210 8°19 0°753 24°3 28°4 
0°269 0°196 10°1 1°01 20°7 23°9 
0°264 0-182 12-0 1°26 17°7 20°1 
0°270 0-218 6°87 1°57 29°4 33°2 
0°275 0°200 112 1°81 19°4 22-0 
0°273 0°183 14°8 2-06 16°6 18°6 
0°268 0°168 18°3 2°30 14°9 16°0 








Z 
COUR MPO SF 


The heat of desorption when 1-42 c.c. had been adsorbed was 27% of the heat of 
adsorption, indicating that the heat of the irreversible adsorption is ~ 40 kg.-cals., which is 
practically that of the first admission. 

Adsorption of Oxygen on ZnO-Cr,O,.—Oxygen is not appreciably adsorbed on the surface 
oxidised at 400°. When 0-28 c.c. is admitted, only 4—7% of the gas is adsorbed, and the heat 
of adsorption is less than 2 kg.-cals., so the adsorption may be of the van der Waals type. On 
the reduced surface, large amounts of oxygen are adsorbed, and the adsorption is so rapid that a 
poor distribution of the gas on the catalyst is obtained. The differential heats cannot be 
measured in calorimeter le, and attempts made to measure these quantities are described in 
the preceding paper (p. 1436). The total heat obtained by adsorbing sufficient gas to saturate the 
oxide at room terhperature, viz., 8—9 c.c., was 42-9 and 42-8 kg.-cals./mol. in two experiments. 
This value is much too low for the heat of formation of zinc oxide, and much too high for that of 
chromium trioxide from the sesquioxide. 

Since no appreciable amounts of oxygen were adsorbed on the oxidised catalyst, it was 
possible to use this gas to discover if the adsorption of carbon monoxide or hydrogen on this 
surface led to any reduction of the catalyst. The introduction of carbon monoxide and oxygen 
together in the ratio 1: 1 led to the disappearance of the whole of the carbon monoxide and 
practically one-half of the oxygen, whilst a 2 : 1 mixture was completely adsorbed within a short 
time (see following table). The heats of adsorption increased with time, as with carbon mon- 
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oxide alone. The heats are given after the tenth minute and are comparable with those in Table 
III. They are expressed in terms of g.-mols. of carbon monoxide. 


Adsorption of carbon monoxide and oxygen on oxidised ZnO-Cr,Os. 
Expt. cO:O Total vol. of gas admitted O, taken Heat after 10 mins. 
No. by vol. (c.c. a0. N.T.P.): up, %. (kg.-cals. /mol.). 

1 B3 0°264 48°5 62°4 
2 0°264 48°2 57°3 
3 0°266 47°5 53°1 
4 0°388 45°6 54°5 
5 0°530 46°0 — 
1 2:1 0°268 100 66°3 


The heat of adsorption of oxygen on the oxidised surface in the presence of carbon monoxide is 
of the order 40—50 kg.-cals., which is the same as that of oxygen on the reduced surface. 

In the adsorption of hydrogen and oxygen on ZnO-Cr,O,, the results were not so definite. 
When 0-28 c.c. of hydrogen and oxygen in the ratio 2 : 1 was introduced to the oxidised catalyst, 
there was an additional adsorption of only 14—15%. This is, however, sufficient to show that 
hydrogen also reduces the surface of the oxidised catalyst. When 0-28 c.c. of ethylene and oxy- 
gen in the ratio 1 : 1 was admitted, there was an excess of 11% adsorbed on the oxidised catalyst, 
so the same effect occurs also with this mixture. 

Adsorption of Carbon Dioxide on ZnO-Cr,O,.—In view of the joint action of carbon monoxide 
and oxygen on the oxidised surface, it was of interest to measure the heat of adsorption of carbon 
dioxide. This gas was strongly adsorbed, giving a constant heat in 4—5 mins., and in accord 
with this, the heat did not fall off very rapidly as the surface was covered. The first heat may 
be a little high. 


Adsorption of carbon dioxide on oxidised ZnO-Cr,O, at 18°. 


Vol. of CO,, c.c. at N.T.P. 
o A q Press. at Total vol. adsorbed Heat of 
Expt. adsorbed after 5 mins. after 5 mins. adsorption 
No. admitted. 5 mins. (cm. x 10-%). (c.c. at N.T.P.). —_ (kg.-cals./mol.). 
1 0-269 0°264 0°64 0°264 15-0 
2 0°481 0-415 8°45 0°685 13°3 





The heat of adsorption of carbon dioxide on the reduced was of the same order as on the 
oxidised catalyst. It was constant after the seventh minute. The heats of adsorption for 
successive admissions were 17-7, 16-1, 16-3, 15-5, 15-7 kg.-cals./mol. Since none of the gas can 
be desorbed at room temperature, the formation of a carbonate on a lower oxide is indicated. 

Adsorption of Hydrocarbons on ZnO-Cr,0,.—The heats of adsorption of ethylene on both the 
oxidised and the reduced catalyst did not vary with time. On the former there was a rapid 
adsorption, and 0-24 c.c. was completely adsorbed in 8 mins., and Q = 19-9, 14-5, 13-4, and 12 
for four successive admissions. For the reduced catalyst, the heat was lower: in successive 
admissions Q = 11-3, 9-6, 9-6 kg.-cals. When 0-63 c.c. is adsorbed, the heat of desorption is 
50% of that of adsorption. Taylor and Howard (J. Amer. Chem. Soc., 1934, 56, 2259) have 
found that ethylene can be adsorbed by chromium oxide reversibly at room temperature. 

Ethane is adsorbed on both surfaces; on the reduced surface only slightly, 0-026 out of 0-275 
c.c. giving 6-4 kg.-cals./mol., and on the oxidised surface there was a very slow adsorption : 
0-0382, 0-0446, 0-0518, 0-0566, 0-0614 c.c. after 2, 5, 8, 11, and 14 mins. respectively, which 
gave 21-5 kg.-cals. at 5 mins. and 28-7 kg.-cals. at 10 mins. On the reduced surface the adsorp- 
tion is completely reversible. 

Methane was slightly adsorbed on the oxidised catalyst, 0-0056 c.c. instantaneously from 
0-23 c.c. The heat was very small, and hence the adsorption was probably of the van der Waals 
type. 

The Adsorption of Gases on Zinc Oxide-—Hydrogen. Experiments were made with zinc 
oxide, to determine if adsorption thereon was responsible for any of the phenomena encountered 
in the case of the mixed oxide. It was important to know whether (1) the oxidised and reduced 
surfaces of zinc oxide behaved similarly to those of the mixed oxide, and (2) if the oxidised surface 
could be reduced with carbon monoxide at room temperature. 

The zinc oxide was that previously employed by Garner and Kingman (loc. cit.) It had not 
been subjected to a higher temperature than 460°; and it did not adsorb appreciable quantities 
of hydrogen from the gas at 0-1 cm. pressure and room temperature, in agreement with earlier 
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work on the oxide (Joc. cit.). At 400°, hydrogen disappeared at the rate of 3 c.c./hr., but the 
product after activation at 460° did not adsorb appreciable quantities of oxygen either at room 
temperature or at 400°. The product of reduction at 400° must have volatilised away at 460°. 
It was thus not possible to oxidise and reduce the catalyst in the manner previously adopted 
for ZnO-Cr,O,. Calorimeter 1f was employed in this series. 

Carbon monoxide. The adsorption is practically instantaneous, with no appreciable creep 
of gas into the grains of oxide. It is thus mainly confined to the outer surface, and this causes 
the instrumental effects described in the preceding paper. The heats of adsorption decrease 
with time in an unusual manner, not becoming constant until the tenth minute, whereas the 
heats of desorption behave normally (see table). The desorption was carried out with the pumps 
full on, and after desorption at room temperature there was no gas liberated at higher temper- 
atures. The experiments were repeated many times and were reproducible. 


Adsorption of carbon monoxide on zinc oxide (oxidised). 
Weight of ZnO, 5-98 g. 
Press. Vol. Heat of adsorption (kg.-cals.) at 
x 10%. adsorbed (minutes). 
Admission. (cm.). (c.c.). 2. 5. 8. 10. 
1 20°3 0-126 20-0 18°8 18°3 18-2 
2 758 0°230 13°8 13-0 12°7 12°3 
Desorption 15°6 16°1 16-2 162 
Reduced surface 25°8 22°1 20°6 


The heat of desorption calculated on the total adsorbed gas is a little higher than the total 
heat of adsorption (15-4 kg.-cals. at 10 mins.). In another experiment, the heats of adsorption 
and desorption were the same, viz., 14-4 kg.-cals. The agreement between the two heats 
shows that the adsorption is reversible and that carbon monoxide is desorbed. It is suggested 
that the fall in the heat of adsorption with time is due to a poor grain conductivity due to the 
absence of gas in the capillaries. , 

The heat of adsorption on the reduced surface, viz., 20-6 kg.-cals. after 8 mins., is a little 
higher than on the oxidised surface, in marked contrast with ZnO-Cr,O,;. Oxygen is not 
appreciably adsorbed on the oxidised catalyst in the presence of carbon monoxide, for when 
0-335 c.c. of a 2: 1 mixture is admitted, only 0-006 c.c. of oxygen is adsorbed. This shows 
that the phenomena reported in the previous section are not due to the presence of zinc oxide 
in the catalyst. 

Ethylene (on oxidised surface). The heat of adsorption in this case did not fall off with time, 
as with carbon monoxide, on account of an improvement of the grain conductivity due to a 
creep of the gas into the grains. The amounts of ethylene adsorbed were higher than for carbon 
monoxide, and when 0-275 c.c. was admitted, 0-258 c.c. was adsorbed in 2 mins. and 0-267 c.c. 
in 6 mins. The whole of the gas is not desorbed at room temperature, a portion requiring 
evacuation at a higher temperature. With 0-83 c.c. of ethylene adsorbed, the heat of desorption 
was 40% of that of adsorption. 

Press. X 10%in Vol. adsorbed Heat of adsorption 

Admission. 5 mins. (cm.). (c.c.). (kg.-cals.) at 5 mins. 
1 1-09 0°267 25°2 
2 4°58 0°517 21:3 
3 17°0 0°702 19°1 

Oxygen is not adsorbed from a 2:1 mixture of ethylene and oxygen, and ethane is not 
appreciably adsorbed. 

Carbon dioxide (on oxidised surface). Instantaneous adsorption occurred with no subsequent 
creep, and the heat of adsorption fell off with time. The heat is of the same order as that of the 
heat of formation of zinc carbonate, viz., 12 kg.-cals. 

Press. Vol. Heat of adsorption (kg.-cals.) at 
<x 10% adsorbed (minutes). 
Admission. (cm.). (c.c.). 2. 5. 8. 11. 
1 23°5 0°055 15°5 13°4 13-1 12-7 
2 80°8 0°135 10°9 9°7 9°4 9°4 
The heat of desorption for Expt. 1 gave 13-0 kg.-cals., in agreement with the heat of adsorption, 
and in another experiment a heat of desorption of 12-7 kg.-cals. was obtained. The adsorption 
of carbon dioxide on zinc oxide is thus reversible, in strong contrast with the adsorption on 
ZnO-Cr,O,, where it is irreversible. 
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The agreement within 1 kg.-cal. between the heats of adsorption and desorption of carbon 
dioxide on zinc oxide confirms the view put forward in the first paper (p. 1436), viz., that even 
with a hard vacuum inside the calorimeter, the error due to temperature gradients is not large 
provided the gas be well distributed throughout the oxide. On account of variations in the heat 
with surface covered, it is not worth while attempting a greater accuracy. 

Some preliminary work with chromium sesquioxide has shown that this substance can be 
oxidised and reduced, and that carbon monoxide when adsorbed on it reduces the surface in the 
same way as was found with ZnO-Cr,Q,. 


CONCLUSIONS. 


The experiments have established the fact that hydrogen and carbon monoxide are 
adsorbed by ZnO-Cr,O, at room temperatures in two ways. On the oxidised surface, 
the gases are adsorbed irreversibly with heats of approximately 45 kg.-cals., whilst on the 
reduced surfaces they are adsorbed reversibly with heats 10—15 kg.-cals./g.-mol. The 
magnitude of the heats of adsorption on the oxidised catalyst is affected by the reduction of 
the surface during the adsorption process and by the subsequent adsorption of gas on the 
reduced areas. The reduction of the surface has been demonstrated by experiments on 
the adsorption of mixtures of oxygen with either hydrogen or carbon monoxide. The 
processes which occur in the adsorption of carbon monoxide on oxidised ZnO-Cr,O, can 
be represented by the equations 


(1) 2XO + CO —~ XCO, + X + 44kg.-cals. 
(2) X + 40, — XO + 22 kg.-cals. 
(3) 2XO + CO + 40, —~ XO + XCO, + 66 kg.-cals. 


All of these heats are experimental values, but the close agreement obtained is probably 
accidental. One consequence of this reduction of the surface is that the heats of adsorption 
on the oxidised surface fall off as the surface becomes covered. The fall of the differential 
heat from 45—50 kg.-cals. down to that for the reduced surface was well established in the 
case of hydrogen and carbon monoxide on ZnO-Cr,O3. 

The fall in the differential heats as the surface becomes covered with gas is not, however, 
limited to the oxidised surfaces, but occurs also on the reduced surfaces, although in these 
cases the effect is not so marked. For hydrogen on metals (cf. Maxted and Lewis, J., 1933, 
502) the differential heat has been found to be independent of the surface covered, but 
Beebe and Wildner (J. Amer. Chem. Soc., 1934, 56, 642), using carbon monoxide on copper, 
obtained a very similar curve to that givenin Fig. 1. In the case of the oxides, there is no 
doubt as to the variability of the activity of the adsorption centres. 

In general, the gases diffuse into fine capillaries in the interior of the grains, and this is 
often a very slow process which continues for many hours before equilibrium is established 
between the external and internal surfaces. Consequently, for a given total adsorption, 
the degree of saturation of the external surface varies with the time. On this account, it 
may happen that the differential heats depend on the time interval between successive 
admissions of gas. Where the differential heat is only slightly dependent on the area 
covered, this effect is little in evidence (Tables I and II), but where the variation in the 
differential heats is large, the time interval plays an important part (Table III). Another 
consequence of the diffusion into the fine capillaries of the adsorbent is that the heat of 
adsorption may increase with the time, adsorption first occurring on less active centres on 
the exterior of the grains and then by surface flow passing to more active centres in the 
interior. These effects reduce the accuracy with which the heat measurements can be made, 
and limit the usefulness of this method of investigating heterogeneous catalysis. 

Chemisorption undoubtedly occurs in the interaction of carbon monoxide and hydrogen 
with oxidised ZnO-Cr,O3, since the products of desorption are mainly water and carbon 
dioxide respectively. Also, it must be concluded that the adsorption of oxygen on reduced 
ZnO-Cr,0, is chemisorption, but there are other more doubtful cases. At room temper- 
atures, carbon dioxide is adsorbed on ZnO-Cr,O, irreversibly and on zinc oxide reversibly. 
The heats of adsorption in both cases are practically the same, viz., 12—15 kg.-cals., and it 
does not seem possible to distinguish between them merely on account of the difference in 
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reversibility. The adsorption of carbon dioxide on zinc oxide is very probably a case of 
reversible chemisorption. There is also a class which is of particular interest from the point 
of view of heterogeneous catalysis, viz., the adsorption of the gases on the reduced catalysts, 
for which the heats range between 10 and 25 kg.-cals. 

The fact that the heats for hydrogen, carbon monoxide, and ethylene are nearly the same 
for any one reduced surface and different for different surfaces may be of significance 
(Table IV). If the gases are held in capillaries or re-entrant angles between positively and 
negatively charged ions, the heats of adsorption would be much higher than on a plane 
surface and would depend on the diameters of the surface ions, the diameters of the mole- 
cules of absorbent, and on their polarisabilities. Since the diameters and the polarisabilities 
of the three molecules increase in the order hydrogen, carbon monoxide, ethylene, the effects 
on the heat of adsorption, due to these properties, will to some extent balance out, so that 
the equality of the heats of adsorption is not very surprising. It is, however, difficult to 
account for heats of the order of 20—25 kg.-cals. on this basis. 


TABLE IV. 








Heats of Adsorption (kg.-cals.). 
ZnO-Cr,Q3. ZnO-Cr,QO3. 
Gas. Oxidised. Reduced. ZnO. Gas. Oxidised. Reduced. ZnO. 
i, wsemdie 4813 13-10 (21)* ee 22 —~ 29 6-4 = 
CD escsescccess 44-16 15—11 18—12 CDS scccsneccecs 16—13 18-16 I13-—. 9 
4 geen sane 20-17 1110 25—19 igh WE - 42-9 ~ 


* H. S. Taylor (calculated from isobars). 


Chemisorption is not ruled out as an explanation of the adsorption on reduced catalysts. 
The behaviour of carbon monoxide on the oxidised surface of ZnO-Cr,O3 gives a clue to a 
possible mechanism. In this case, the first stage in the adsorption can be represented by 
(a), where the carbon monoxide is held to oxygen atoms by subsidiary valencies, and (6) 
shows the final stage where a carbonate ion has been produced. 


co 
”o 0 F909 9=H 9 DG, QO 
xX xX xX 


X ae So X 
If an equilibrium is established between (a) and (6), then it is clear that either carbon mon- 
oxide or dioxide may be desorbed, depending on the magnitude of the activation energies for 
the two dissociation processes and on the rate of conversion of (a) into (6) and vice versa. 
The fact that gaseous equilibria between carbon monoxide and dioxide are established in 
contact with oxide surfaces lends support to the idea. In the case of the oxidised surfaces 
which we have studied, the conditions are favourable for the desorption of carbon dioxide, 
but it is possible that the same mechanism operating on the reduced surfaces might lead to 
the desorption of carbon monoxide. According to this view, the high heats of adsorption 
on the reduced catalysts are due to chemisorption. 

The heats of adsorption on the oxidised catalysts are too high for it to be possible to 
desorb the gases at room temperature. The rate of desorption will be given by an equation 
of the general type r = ve“*+@/27, where Q is the heat of adsorption, E the activation 
energy of the adsorption process, and v the rate at which Q + E can be supplied by the 
surface, which is unlikely to exceed 104%. It can be calculated that the maximum value of 
Q + E for which desorption should be complete within a few minutes at room temperature 
is of the order of 20 kg.-cals. Desorption is possible in the majority of the cases of the ad- 
sorption of gases on the reduced catalysts. For carbon monoxide on zinc oxide, Qmax. = 
18 kg.-cals., and desorption is complete within a few minutes; E in this case must be very 
small. Ethylene on zinc oxide cannot be completely desorbed, in agreement with the 
high heat of adsorption (9 = 25—19 kg.-cals.). The heats on ZnO-Cr,O, are lower than 
on zinc oxide, and it would be expected that the gases should be more easily desorbed from 
the former than from the latter. The reverse is actually true, so there is evidently some 















~~ 


\e 


Oem t WW mm ty 


The Crystalline Structure of the Sugars. Part II. 1495 


factor present in the case of ZnO-Cr,O, which is not operative for zinc oxide. This might 
be the existence of an activation energy for the adsorption process. It was observed, how- 
ever, that in all cases where there is penetration of the capillaries of the absorbent, desorp- 
tion could not be readily completed at room temperature, so the factor in question is that of 
the removal of gas from capillaries. A slow rate of desorption cannot be taken as proof 
that the adsorption processes possess activation energies. 


SUMMARY. 


Heats of adsorption have been measured for a number of gases on zinc oxide and 
ZnO-Cr,O, in the oxidised and in the reduced state. The heats decrease as the surfaces 
become covered with gas, particularly in the case of the oxidised surfaces. The adsorption 
of carbon monoxide and hydrogen on oxidised ZnO-Cr,O, involves irreversible processes 
which occur with the liberation of 45 kg.-cals./mol. The surface undergoes reduction 
simultaneously with the adsorption, and hydrogen or carbon monoxide is adsorbed on the 
reduced areas with heats of 10—15 kg.-cals. Oxygen is also adsorbed on the reduced 
centres so produced, and a 2:1 mixture of carbon monoxide and oxygen is completely 
adsorbed by oxidised ZnO-Cr,Os. 

The adsorption of carbon monoxide, hydrogen, ethylene, and ethane on the reduced 
surfaces is reversible and occurs with heats of the order of 10—25 kg.-cals. Only in cases 
where there is no penetration of capillaries can the desorption be completed at room temper- 
ature within a reasonable time. From the behaviour on desorption, conclusions are drawn 
with respect to the activation energies of the adsorption process. A mechanism is suggested 
for the adsorption on the reduced catalysts. 


We wish to express our thanks for a Department of Scientific and Industrial Research 
Grant to oneof us (F. J. V.), and to Imperial Chemical Industries, Ltd., for a grant for the purchase 
of apparatus. . 


THE UNIVERSITY, BRISTOL. [Received, August 1st, 1935.] 





358. The Crystalline Structure of the Sugars. Part II. Methylated 
Sugars and the Conformation of the Pyranose Ring. 


By E. G. Cox, T. H. Goopwin, and (Miss) A. I. WAGSTAFF. 


It was pointed out in Part I (this vol., p. 979) that, chiefly owing to extensive dipole 
association of hydroxyl groups, it is not usually possible to obtain any simple correlation 
between the unit cell dimensions of crystalline sugars and the molecular dimensions. In 
the case of methylated sugars, however, dipole interactions are probably of much less 
importance, and we have therefore made a preliminary study of a number of such com- 
pounds in the expectation that the desired correlation would thereby be more readily 
attained. A comparative examination of the present results in conjunction with others 
previously published has, in fact, led to definite conclusions regarding the conformation ° 
of the C;O ring in simple pyranose sugars. Apart from-earlier X-ray studies, very little 
experimental evidence has previously been brought to bear on this problem, the principal 
interest of which lies in the fact that a small change in the shape of the ring may be 
accompanied by a considerable alteration in the extra-cyclic valency directions, so that, 
é.g., the molecular form of a pyranose polysaccharide is very largely determined by the 
conformation of the rings in the monose residues of which it is composed. 

Although a partially flat structure has been suggested, it has been generally supposed 
that the pyranose ring, like the hexamethylene ring, possesses one of the numerous “ strain- 
less’? Sachse forms. This view involves various assumptions, chief of which are that the 
different radius and (possibly) different valency angle of the oxygen atom can be ignored, 
and that the carbon valencies are strained unless they are directed to the corners of a 
regular tetrahedron. The latter assumption clearly requires modification for all but the 
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simplest organic molecules, and is almost certainly not justifiable for complex asymmetric 
compounds such as the sugars. Results obtained from simpler substances suggest that 
departures of several degrees from the tetrahedral angle are to be expected; ¢.g., X-ray 
measurements by Piper (J., 1929, 234) suggest that in certain salts of long-chain fatty acids 
the carbon valency angle is at least 1114°, and recently Penney (Trans. Faraday Soc., 1935, 
31, 734) has concluded on theoretical grounds that in a molecule such as propane divergences 
of 1° or 2° are probable. If it is admitted that variations of a few degrees about the exact 
tetrahedral angle are permissible, and allowance is made for the different oxygen radius, 
then it becomes possible for a pyranose ring which is considerably different from any of 
the classical Sachse—Mohr forms to be strainless in the true sense. A decision between the 
numerous rings permitted by this modified tetrahedral theory can only be effected by means 
of direct experimental evidence such as is provided, ¢.g., by the X-ray method. 

It has been shown (Cox, J., 1932, 138) that the X-ray data for 6-methylxyloside can 
be accounted for in a satisfactory manner if it is assumed that the five carbon atoms of the 
pyranose ring are nearly co-planar, the oxygen atom being displaced out of their plane by 
}—1 A. A study of the much more extensive data now available substantiates this as- 
sumption, and leads to the conclusion that this form of ring probably exists without serious 
modification in most simple aldoses and their methyl derivatives. For convenience in the 
following discussion, this ring will be referred to as a “ flat ” ring, but it should be clearly 
understood that the evidence does not establish that the carbon atoms are exactly co-planar, 
while the oxygen atom is almost certainly not in the same plane as the others. 

It is found that the crystallographic data for the methylated derivatives are usually 
much more readily interpreted in terms of the approximate shape and orientation of the 
molecules than is the case with the parent sugars. The crystals are acicular, the cell- 
dimension parallel to the direction of elongation is very short, and the birefringence is 
fairly high, the minimum refractive index being parallel to the needle axis. These facts 
suggest a relatively simple parallel arrangement of more or less flat, extended molecules 
whose “ thickness ”’ is represented by the short axis. This axis is indeed too short (about 
44 A.) to correspond to any dimension of a sugar molecule containing a C,O or C,O ring 
other than that approximately normal to the ring, irrespective of the precise form of the 
latter. The values of these molecular “ thicknesses’ at present available are shown in 
Table I; this includes only actual cell dimensions of about 44 A. as determined by single- 
crystal measurements, and not substances for which the cell dimension is a multiple of 
this figure, since the interpretation in the latter cases would be open to criticism. (It should 
be noted that a molecular dimension may be measured in various ways; when deduced 
from a cell dimension, it is definitely the distance apart of corresponding atoms in identically 


TABLE I. 
Shortest Shortest 
Substance. axis (A.). Ref. Substance. axis (A.). Ref. 
(a) Pyranose sugars and glycosides. (b) Methylated pyranoses. 
B-Arabinose * . C Trimethyl B-methylarabinoside * 4°87 CGW 
a-Glucose * , HM Trimethyl a-methylarabinoside 485 CGW 
B-Cellobiose , 2:3: 6-Trimethyl a-glucose*... 479 CGW 
a-Lactose * ; Tetramethyl a-glucose * CGW 
4 : 6-Benzylidene 8-methyl- 2:3: 4-Trimethyl f-methyl- 
glucoside , glucoside , CGW 
4 : 6-Benzylidene a-methyl- 2:4: 6-Trimethyl f-methyl- 
glucoside * 4 glucoside , CGW 
4-8-Glucosido-a-mannose : 2:3: 6-Trimethyl p-methyl- 
a-Methylarabinoside ‘ glucoside 4 CGW 
(c) Furanoid compounds. bse aon orang . : CGW 
a-Methylmannoside 4°64 ” aon 4 we od , CGW 
-Mannonolactone 4°73 err 
x Trimethyl §-xylonolactone F CGW 
————— eee er amg re 2 : 3-Dimethyi 4 : 6-benzyl- 
rimethyl y-rhamnonolactone... 4° : + 7 . 
Trimethyl » tyxonclactone 4-42 iSens eae tpateee ad 
Trimethyl y-arabonolactone ... 4°50 
Hexamethy] lyxosido-lyxoside 4°20 


* See p. 1498. 
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situated molecules, whereas if it is derived from a spacing or sub-multiple of a cell dimension, 
its meaning is uncertain, since it involves molecules whose distance apart and relative 
orientation are both in general unknown.) The references above are as follows: CGW, 
present paper; YS, Young and Spiers, Z. Krist., 1931, 78, 101; HM, Hengstenberg and 
Mark, tdid., 1929, 72, 301; CG(a), Cox and Goodwin, zbid., 1933, 85, 462; CG(b), idem, J., 
1932, 1844; C, Cox, J., 1931, 2313; U, unpublished work in this laboratory. 

It will be observed that, on the whole, the more highly methylated substances have 
shorter axes; this indicates, as Young and Spiers (loc. ctt.) had pointed out in the case of 
the lactones studied by them, that the methyl groups are situated in approximately the 
same plane as the sugar (or lactone) ring. It is not necessarily to be inferred, however, that 
the molecule of a methylated sugar is ‘‘ thinner ” than that of a free sugar; the axes in 
the table give an upper limit to the molecular thickness, the latter in general being ap- 


proximately c sin «, where c is the measured axis and « the inclination of the axis to the 
plane of the molecules. The more disc-like methylated sugar molecules tend to pack to- 
gether in parallel layers, so that the cell dimension (which in most of the cases considered 
is an axis of symmetry) is necessarily more nearly perpendicular to the plane of the molecule, 
and therefore approaches more closely to the actual “‘ thickness ”’ of the latter. 

Table I shows that there is no great difference between the figures for the pyranose and 
furanose compounds, and that in the pyranose substances, configuration does not appear 
to influence the results very much. These facts are in agreement with a “ flat ” pyranose 
ring, but appear to be incompatible with any form of Sachse ring. In the “ flat” ring 
[Fig. 1 (a)] the extracyclic valencies of carbon atoms 2, 3, and 4 are symmetrical about the 
plane of the ring, a feature which is exhibited also by the undoubtedly flat furanose or 
y-lactone ring. The extracyclic valencies of carbon atoms 1 and 5, however, will be 
rotated from the symmetrical position by an amount depending upon the position of the 
ring oxygen atom ; according as the addenda to C, and C; are érans or cis to the ring oxygen 
atom, they will project respectively more or less than similar addenda on the other carbon 
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atoms. A rough calculation may be made of the effect of the special positions of the C, 
and C; valencies. In the case of those valencies which are symmetrical about the plane of 
the ring, an attached oxygen atom (the C-O bond being supposed to be 1-46 A.) will be 
situated at a distance of approximately 1-46 sin (} x 1094°), i.e., 1-18 A. from the ring. 
In the extreme position of the trans C,; extracyclic valency (perpendicular to the line 
C,C;) the attached C, carbon atom will be at a distance of 1-54 sin 1093°, i.e., 1-44 A. from 
the ring. The difference, 0-26 A., between these values may be taken as the upper limit 
of the variation in molecular thickness which can be expected from variations in configur- 
ation of sugars based on a “ flat ’’ pyranose ring. The atoms of a Sachse ring [Fig. 1 (0) 
and (c)] lie in two parallel planes (0-5 A. apart in a évans-ring and 0-8 A. in a cis-ring), and 
the extracyclic valencies are either nearly parallel or nearly perpendicular to these planes. 
Hence, the oxygen atoms attached to a Sachse pyranose ring may be either practically 
in the mean plane of the ring, or about 14 A. out of it, according to the conformation of the 
ring and the configuration of the particular sugar concerned. It would thus be expected 
that the thickness of the molecules determined by X-ray measurements would show 
considerable variations as these factors were changed. All pyranoses can, in fact, be divided 
into two classes according as it is possible for them to possess “‘ thin ’’ conformations or not. 
8-Glucose [Fig. 2 (a)] is an example of the first class in which all the carbon and oxygen 
atoms can lie in two planes 0-5 A. apart ; with galactose [Fig. 2 (b)], on the other hand, this 
is not possible, and at least one oxygen atom must project about 14 A., no matter which 
form of the Sachse ring is assumed. It would thus be anticipated that the ‘ thickness ”’ 
of a molecule belonging to the second class (substances marked with an asterisk in Table 
I) would be greater by something of the order of 1 A. than that of a molecule in the first 
class. The observed difference between the minimum values for the two classes is 0-28 A. ; 
this is suggestively close to the value deduced above for the variation in “ flat ’’ pyranose 
rings, and on the other hand, it is sufficiently »emote from the value of 1 A. expected for 
Sachse rings to suggest very strongly that the latter do not occur in sugars. 

This conclusion is supported by a comparison of the furanose and pyranose results. 
It is evident, from the considerations advanced above, that the molecules of the first class 
of Sachse pyranoses (thickness about 4 A.) should be thinner than furanose molecules, 
while those of the second class should be thicker (5 A. or more). Now, three methyl 
derivatives of $-glucose (which according to the Sachse theory is the thinnest possible 
pyranose) have practically identical thicknesses (4-45, 4-41, and 4-41 A.), from which it 
can be inferred that 4-41 A. is the absolute minimum for the thickness of a methylated 
pyranose molecule. Reference to Table I shows, however, that one methylated furano- 
lactone has the same thickness as the @-glucose derivatives, whilst the molecule of hexa- 
methyl lyxofuranosido-lyxofuranoside is even thinner. These facts are inexplicable on the 
basis of a Sachse pyranose ring, but are to be expected if the pyranose ring is “ flat.”’ 
The exceptionally small value for hexamethyl lyxosido-lyxoside is probably due to the 
somewhat closer packing consequent upon the greater van der Waals forces between 
the much larger methylated disaccharide molecules. Support for this view is afforded by the 
result, 4-3 A. (Trogus and Hess, Ber., 1935, 68, 1605), for B-octamethy]l cellobiose, although 
this value should be accepted with caution, since the measurements were not made on 
single crystals, and other numerical data in the paper appear to be 2—4% low. 

Comparison of the crystallographic data for the sugars with those for derivatives of 
cyclohexane also suggests that the Sachse ring is inadequate to account for the former. 
There is considerable evidence (see, ¢.g., Hassel, Trans. Faraday Soc., 1934, 30, 874) that 
cyclohexane and its derivatives are based on a Sachse (usually évans) ring, so that if the ring 
form were the same for the sugars, it should be possible to find some parallelism (e.g., in 
the “‘ thickness ” of the molecules) between the crystal structures of simple and methylated 
sugars on the one hand and the polyhydroxycyclohexanes and their methyl ethers on the 
other. This does not appear to be the case, however; of ten such substances which have 
been studied (Hassel, Joc. cit.; Patterson and White, Z. Krist., 1931, 78, 76; 80,1; White, 
ibid., p. 5), not one possesses a cell dimension less than 5} A. 

Consideration of the X-ray data from various aspects thus leads to the same conclusion, 
viz., that a pyranose ring of Sachse form is incompatible with the facts, and that a “ flat ’’ 
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ring affords a satisfactory alternative. Further and more detailed investigation is necessary 
to establish the exact form of the ring, and to determine what factors are responsible for 
the departure from the Sachse conformation. It seems that configuration and substitution 
are not the first of these factors, since the same influences would operate with, e.g., cyclo- 
hexane derivatives, and moreover, the shape of the ring would be a much more obvious 
function of configuration than at present appears to be the case. Very few data for hetero- 
cyclic rings are available [Sutton and Brockway’s experiments (J. Amer. Chem. Soc., 1935, 
57, 473) upon 1 : 4-dioxan suggest that its ring approximates to the Sachse ¢rans-form, 
but they were not sensitive enough to detect the small differences of angle or distance 
envisaged here]. It is probable, however, that the unusual form of the pyranose ring can 
be largely accounted for by its heterocyclic nature, the special function of the oxygen atom 
being borne in mind. Since the first carbon atom in a free sugar is potentially aldehydic, 
the ring oxygen atom to which it is attached cannot be regarded as of the normal ether type, 
so that the magnitude of its valency angle and the length of the O-C, bond should both be 
regarded as uncertain. The determination of these quantities in free sugars, glycosides, 
and 8-lactones must be among the principal objects of further research. 

The divergence of the carbon valency angles from 109}° in a flat pyranose ring cannot 
be determined exactly until the position of the oxygen atom relative to the remainder of 
the ring is known. If, however, the length of the O-C link is taken to be 1-46 A., and the 
five carbon atoms are assumed to be co-planar, then calculation shows that their valency 
angles lie between 113° and 116°, the corresponding limits of the oxygen angle being 90° 
and 106°. If the C—O link is shorter, or the carbon atoms not quite co-planar, the carbon 
valency angle will be nearer 1094°. On account of the special nature of the oxygen atom, 
the above approximate calculation of its valency angle should not necessarily be regarded 
as giving support to Allen and Hibbert’s view (Ber., 1932, 65, 1366; J. Amer. Chem. Soc., 
1934, 56, 1398) that the “ normal ”’ valency angle of oxygen is 90°. 

The above conclusions, being based upon crystallographic data, relate to the solid 
state; it is of interest to consider how far they may be applied to molecules in solution, 
and, in particular, to inquire whether the planar pyranose ring has any advantage over the 
Sachse form in the interpretation of chemical facts. Any model for a pyranose ring (other 
than a completely flat one) involves the possibility of the molecule of a given sugar (say 
8-d-glucose) existing in several modifications [in the case of the Sachse model, eight; with 
a “ flat ’ ring, two, according as the glycosidic hydroxy] is cis or trans to the ring oxygen 
atom (Fig. 3)], and it is therefore necessary first to consider to what extent transformations 
between these forms can occur when the substance goes into solution. 

In the case of the glycosides (in which ring opening is prevented) the molecule must 
undoubtedly be regarded as nearly rigid and unaffected by its state of aggregation; as 
Bernal (Trans. Faraday Soc., 1934, 30, 876) has pointed out for polyhydroxy-cyclohexane 
derivatives, transition from one form to another would require an exceedingly large activ- 
ation energy, since it involves, not only a considerable bending of valencies in the ring, but 
also large relative movements of the polar addenda. The relative dispositions of hydroxyl 
groups with the different forms of Sachse ring are indeed so different that even in free 
sugars (in which theoretically the ring may open, and close again with a different con- 
formation) the difference in stability of the various forms would be sufficiently great to 
ensure that practically only one (7.e., that occurring in the solid state) existed in solution. 
Interchange between the two “ flat ’” conformations (Fig. 3), however, probably can occur 
in solution through the intermediate aldehyde stage, since the difference between the two 
is small, involving only the addenda to C, and C,; the difference in energy in this case 
would probably be of the same order as that between «- and $-forms. The attainment 
of equilibrium between these two forms may account for the complex mutarotation curves 
observed by various workers (e.g., Smith and Lowry, J., 1928, 666; Riiber, Minsaas, and 
Lyche, J., 1929, 2173; Phelps, Isbell, and Pigman, J. Amer. Chem. Soc., 1934, 56, 747) 
and usually attributed to the presence of a third isomeride. Apart, however, from this 
effect in the case of the free sugars, it is reasonably certain that no change of ring con- 
formation occurs during the process of solution. In this connexion, it is of interest to ob- 
serve the close correspondence (Table II) between the molecular volume in the solid state 
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and the aqueous solution volume (the latter taken from Riiber and Minsaas, Ber., 1927, 
60, 2407, and earlier papers); this appears to indicate, not only that the form of the 
molecule is constant, but also that in the hydrated molecule (in solution) the co-ordination 
of water molecules is of the same nature and extent as the co-ordination of the hydroxyls 












TABLE II. 













Mol. vol. (A. per mol.). Mol. vol. (A.* per mol.). 
Substance. Solid. Solution. Substance. Solid. Solution. 
B-Arabinose .......0.....005 153-2 152°0 a-Methylglucoside ......... 216-0 218°8 
a-Methylarabinoside ...... 184°5 187°3 a-GalactOse ......cccccccccese 190-2 181-2 
B-Methylarabinoside ...... 184-4 187°5 B-TEARROED <5 .sevccerioegcses 196-2 179°3 
NONE, Givgcseeeceseicncees 193-2 183°5 








of neighbouring sugar molecules in the solid. The available data suggest further that the 
small changes which do occur on dissolution (as indicated by the difference between solid 
and solution volumes) can be related qualitatively to the heat of solution; ¢.g., «-galactose 
and a-glucose, which show approximately 5°, difference between solid and solution volumes, 
have fairly large heats of solution (21-4 and 14-5 cals./g.), whereas for «-methylglucoside 
(1% volume change) the heat of solution is only 3-1 cals./g. (Hendricks, Steinbach, Le Roy, 
and Moseley, J. Amer. Chem. Soc., 1934, 56, 99). 

Consideration of various sugar derivatives from the point of view of the ring conform- 
ation shows that the “ flat ” ring is definitely more satisfactory than a Sachse ring. Various 
unusual derivatives do indeed exist (e.g., certain anhydro-sugars) the structures of which 
require a “ flat” molecule to be considerably strained, but in every case investigated it 
appears that a Sachse ring also must be strained (usually at least as much) to form the 
molecule concerned. On the other hand, many compounds which cannot be represented 
without strain by means of a Sachse ring can be formulated on the basis of a “ flat ”’ ring 
without any distortion. 

Characteristic of the sugars is the ease with which isopropylidene, benzylidene, and 
similar derivatives involving a C,O, ring can be formed, usually without opening of the 
sugar ring; these condensations invariably occur with cis-hydroxyl groups. These facts 
suggest that the spatial arrangement necessary for the formation of the acetal ring (which 
when unstrained must be flat) already exists in the sugar molecule; i.e., the two carbon 
atoms and their attached hydroxyl groups must be co-planar or nearly so. Now, while this 
condition is satisfied by a flat ring, it can be seen (Fig. 1) that, owing to the alternating 
form of the Sachse trans ring, two successive C—O bonds can never be co-planar, so that 
considerable strain is necessary for the formation of an isopropylidene or similar derivative ; 
moreover, since one extracyclic valency on each carbon atom is parallel to the bisector of 
the external valency angles of its neighbours, the distance apart of trans-hydroxyl groups 
can be as small as that of cis-groups, so that, if it is supposed that strained acetal rings 
can be formed between cis-hydroxyls, then they should be possible with ¢vans-groups also. 
[In Fig. 1 (b) the hydroxyl group 2 is equidistant from 3, to which it is rans, and from 1, 
to which it is cis.] The various forms of Sachse cis-rings enable two successive valencies 
to be parallel, but not two successive pairs of valencies, and are therefore inadequate to 
account, ¢.g., for the various 1 : 2-3: 4 fused ring derivatives which are known. Actually 
the behaviour of substances known to possess a Sachse configuration (i.e., cyclohexane 
derivatives) is in marked contrast to that of the sugars. It has been shown (Karrer, 
Helv. Chim. Acta, 1926, 9, 116; Micheel, Ruhkopf, and Suckfiill, Ber., 1935, 68, 1525) 
that even under very energetic conditions cyclic acetals of quercitol and inositol cannot 
be prepared; this is fully in accord with the geometrical properties of the Sachse ring, 
and confirms the view that the pyranose ring is not of this type. Finally, it may be noted 
that whereas, with a “ flat ” ring, cis C-OH links on C, and C, or C, and C, are exactly 
coplanar, yet there is in the case of C, and C, some divergence from parallelism (although 
not so much as with a Sachse ring). It is therefore to be expected that cyclic acetal form- 
ation will occur less readily in the 1 : 2-position than in others; this affords a possible 
explanation of the fact that in most cases the formation of 1 : 2-isopropylidene derivatives 
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is accompanied by change to the furanose form (in which, on account of the completely 
planar form of the ring, the C,-OH and C,-OH valencies are presumably exactly coplanar). 

The relative configurations of the «- and 8-sugars are chiefly based on optical relation- 
ships (rules of Hudson and of Freudenberg and Kuhn), and it is important to obtain con- 
firmation from X-ray data, particularly as other methods (conductivity in the presence of 
boric acid, velocity of hydrolysis, and refraction differences) do not appear to be entirely 
reliable (see e.g., Sdrensen and Trumpy, Kong. Norske Vidensk. Selsk. Skr., 1934, No. 6). 
In Part I (this vol., p. 978) we pointed out that the close correspondence between the crystal 
structures of @-methylarabinoside, «-methylfucoside, and «-methylgalactoside-6-bromo- 
hydrin leads to the conclusion that the three substances differ only in the addenda to the 
fifth carbon atom and that, in particular, they must possess the same configuration on the 
first carbon atom. This result is valuable in confirming that B-arabinose, «-fucose, and 
a-galactose possess the same configuration (and that the normal form of «-methylfucoside 
is pyranose), but it affords no direct evidence as to the configuration of the reducing group 
relative to the remainder of the molecule in each case. The present results do, however, 
provide such evidence in the case of glucose. According to the accepted formulation, in 
derivatives of B-glucose the addenda to C, and C; are cis, while in derivatives of «-glucose 
they are trans. Whatever the conformation of the pyranose ring, therefore, one of these 
two addenda must, in the case of «-glucose derivatives, be trans to the ring oxygen atom and 
must in consequence project considerably from the plane of the ring. In $-glucose deriv- 
atives, on the other hand, the C, and C,; addenda can both assume the czs-position (Fig. 3a), 
in which they project from the plane of the ring to a relatively small extent. As Table 
I shows, the derivatives of «-glucose are actually ‘‘ thicker ’’ than those of 8-glucose, while 
the low values for the latter show that they do indeed possess the cis-conformation; from 
this we conclude that the configurations of «- and $-glucose are correctly assigned. By 
inference, on account of the close relation between glucose and xylose, this conclusion 
applies to the latter sugar also, and since the molecule of 8-methylxyloside is “‘ thinner ” 
than those of «-xylose and «-methylxyloside (Cox, J., 1932, 138, 2535), it appears that in 
8-xylose, asin f-glucose, the glycosidic hydroxy] is cis to the ring oxygen atom. (It may 
be observed that, in contrast with the pyranoses, the “ thickness ” of a number of furanose 
derivatives now being studied appears to be quite independent of the configuration on the 
first carbon atom, as is to be expected from a flat C,O ring.) 

With few exceptions, methylated sugars do not crystallise well, so that in some cases 
we have carried out only a partial examination; full details of cell dimensions and space- 
groups have, however, been obtained for the following substances: 2:3: 4-trimethyl 
a-lyxose (I), 2 : 3 : 6-trimetliyl «-glucose (II), 2 : 3 : 4 : 6-tetramethyl «-glucose, 2:3: 4: 6- 
tetramethyl «-galactose (III), 2:3:4:6:7-pentamethyl 8-«-glucoheptose (IV), 2:3: 4- 
trimethyl 6-methylglucoside (V), 2:3:4:6-tetramethyl a-methylmannoside (VI), and 


H CH,"OMe . CH,°OMe 
H | o H H Me H 
“ | —— ? a‘ 
OMe MeO | OMe H and H 
MeO \——1 oH HO |—/ oH : H || oH 
H H OMe H OMe 
(I.) (II.) (IIT.) 


CH,-OMe 
CH,-OH CH,-OMe 


OMe H H 
Ki 
OMe MeO 
MeO > Me 
MeO OMe H OMe H 


(IV.) (V.) (VI.) 


1:3:4+trimethyl fructose. The last substance is obtained by the degradation of the furan- 
ose polysaccharide trimethyl levan (Hibbert, Tipson, and Brauns, Canadian J. Res., 1931, 
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4, 221; Challinor, Haworth, and Hirst, J., 1934, 676) but, as the latter authors have pointed 
out, the conditions of preparation do not exclude the possibility of a pyranose ring in the 
crystalline trimethyl fructose. A comparison (Table III) of its cell dimensions with those 
of 1: 3:4: 5-tetramethyl 6-fructopyranose (Young and Spiers, loc. cit.), indeed, suggests 
that the two substances have related structures and therefore the same ring form, but the 
correspondence may be accidental, and further work is necessary. 


TABLE III. 
Trimethyl fructose; A. | Tetramethyl fructose; A. 
a 18°49 } x 18°44 
b 8-60 8-97 
c 7:14 2x 74 
As mentioned on p. 1496, the approximate orientation of the molecules in the unit 
cell of most of the methylated sugars can be determined without serious difficulty ; the short 
axis of 44 A. must be approximately normal to the plane of the molecule, and in those 
substances which are not fully methylated it is reasonable to suppose that the molecular 
arrangement will be such as to permit the fullest degree of co-ordination between the 
remaining hydroxyl groups. The exact determination of the structures of these substances 
must, however, be deferred until more data have accumulated, and in the meanwhile 
the approximate structures as found by the application of the above principles are scarcely 
of sufficient precision to merit publication. It is nevertheless of interest to note that the 
optical properties of the methylated sugars are sufficiently characteristic to enable the 
approximate molecular orientation to be found in the absence of a short axis. The average 
birefringence of 27 sugars and glycosides is 0-021, and with one or two exceptions it is 
impossible at present to relate the optical properties to the structure ; the mean birefringence 
of seven methylated compounds, on the other hand, is 0-075, and in each of the six cases 
in which an axis of 4} A. occurs, the minimum refactive index is parallel to this axis. In 
the remaining case of trimethyl «-xylose, cell dimensions of 8-68 A. (a) and 8-31 A. (bd) 
occur (Young and Spiers, loc. cit.); since the minimum index is parallel to the b-axis, we 
can assert that the molecules lie with their shortest dimension parallel to this axis, so their 
“ thickness ” is approximately 3), i.c., 4-16 A. For reasons discussed in connexion with 
Table I, this ‘‘ thickness,’ not being a cell dimension, is not comparable with the figures 
upon which the arguments in the earlier part of this paper are based. 


EXPERIMENTAL. 


Owing to the high solubilities of methylated sugars in practically all solvents, determinations 
of densities by flotation and of refractive indices by immersion are less accurate than the corre- 
sponding measurements for simple sugars. Density determinations are probably subject to 
an error of 4—5%, and refractive indices are correct to + 0-004. 

A reference preceding a crystallographic description indicates the source of the specimen 
used for the present work. 

2:3: 4-Trimethyl a-lyxose (I). This sugar (Hirst and Smith, J., 1928, 3147) crystallises 
from light petroleum in poorly developed orthorhombic needles, elongated along the a-axis and 
showing the forms g{011} and a{100} (q : q’ = 84°). Thecell dimensions area = 12-75, b = 9-29, 
c = 8-19 A. The number (») of asymmetric molecules in the unit cell is 4, whence d(calc.) = 
1-31 g./c.c. (obs. 1-26). The abnormal spacings are {100}, {010} and {001} halved, so that the 
space-group is P2,2,2, (Q*). The minimum refractive index is 1-48 and is perpendicular to 
the a-axis, but whether parallel to 6 or c could not be determined owing to the poorness and 
high solubility of the crystals. 

2:3: 6-Trimethyl a-glucose (II). This substance crystallises from ether in acicular ortho- 
rhombic combinations of a{100} and b{010}, terminated by c{001}. The cell dimensions are 
a = 20-45, b = 11-90, c = 4-79 A.; m = 4; d (calc.) = 1-28 g./c.c. (obs. 1-26). The abnormal 
spacings are {100} and {001} halved, so the space-group is P2,22, (Q*). The refractive indices 
are « = 1-465 (parallel to [c]) and y = 1-51. Trogus and Hess (/oc. cit.) record cell dimensions 
(not from single-crystal photographs) for this substance differing by several % from those 
given above; the density (1-38) given by them is certainly much too high. Their reason for 
supposing that association to double molecules occurs in thecrystal is entirely without foundation. 

2:3:4: 6-Tetramethyl a-glucose. This compound forms elongated orthorhombic combin- 
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ations of a{100} and m{110}, terminated by c{001} (a: m = 51°). Cell dimensions: a = 18-29, 
b = 14-85,c = 4:74 A., n= 4; d(calc.) = 1-22 g./c.c.; space-group P2,2,2,. The crystals 
are optically negative, the refractive indices being «(parallel to [c]) = 1-475 and y (parallel to 
[a]) > 1-54. 

- : 4: 6-Tetramethyl a-galactose (III). The crystals of this substance are orthorhombic, 
elongated parallel to [c] and somewhat flattened on a{100}. Cell dimensions: a = 25-20, 
b = 10-07, c= 4-79 A.; n= 4; d (calc.) = 1-28 g./c.c. (obs. 1-24); space-group P2,2,2;. 
The plane of the optic axes is {010} and the minimum refractive index is parallel to [c]. 

2:3:4:6: 7-Pentamethyl B-a-glucohepiose (IV). This sugar (Haworth, Hirst, and Stacey, 
J., 1931, 2864) forms monoclinic crystals of approximately hexagonal outline, tabular on 
R{10]}. Unit cell dimensions: a = 10-87, b = 8-10, c = 8-45 A., B = 92° 10°; #2 = 2; 
d (calc.) = 1-25 g./c.c. (obs. 1-25). The only abnormal spacings are {010} halved, so the space 
group is P2, (C3). The plane of the optic axes is perpendicular to {010}, an acute bisectrix 
figure being visible through R{101}; 2E = 60° approx.; birefringence moderate. 

2:3: 4-Trimethyl 8-methylglucoside (V). This substance (Charlton, Haworth, and Hickin- 
bottom, J., 1927, 1534) crystallises from light petroleum in orthorhombic needles, elongated 
parallel to [c], and exhibiting the forms b{010}, m{110} and c{001} (b: m = 424°). Cell dimen- 
sions: a = 17-54, b = 16-08, c = 4-45 A.. mn = 4; d (calc.) = 1-25 g./c.c. (obs. 1-25); space- 
group P2,2,2 (Q*); refractive indices, « = 1-465 (parallel to [c]) and y > 1-525. 

2:3:4: 6-Tetramethyl a-methylmannoside (V1). The monoclinic crystals of this substance 
(Bott, Haworth, Hirst, and Tipson, J., 1930, 2658) were with one exception very poor. One 
crystal about 1 cm. across was obtained; this was tabular on c{001} and showed also the forms 
a{ 100}, m{110}, R{101} and p{011}, with perfect cleavage parallel to c{001}. Unit cell dimensions: 
a = 10-22, b = 7-89, c = 8-41 A., 8 = 97° 14’ (calculated from [101] = 12-40 A.); n= 2; 
d (calc.) = 1-235 g./c.c.; space-group P2, (C3). Density or refractive-index measurements 
could not be made on account of the exceedingly high solubility of this substance. 

1:3: 4-Trimethyl fructose. The crystals of this substance (Challinor, Haworth, and Hirst, 
loc. cit.) were deliquescent. A simple micro-desiccator, transparent to X-rays, has been devised 
to preserve a deliquescent crystal over the period of hours or days necessary for a complete 
X-ray examination. This is formed by cementing together by their closed ends the smaller 
parts of two gelatin capsules such as are used for medicinal purposes (Parke Davis, No. 3). 
A hole is pierced through the surface of junction. One end fits closely over the small ebonite 
cylinder on the tapered end of which the crystal is mounted, while in the other end are placed 
small fragments of calcium chloride or other desiccating agent; this end is then closed by the 
larger part of acapsule. The two joints can be effectively sealed by means of vaselin, so that the 
air space around the crystal is kept perfectly dry for several days. The gelatin does not reduce 
the X-ray intensity by more than about 10%, and is sufficiently transparent and uniform to 
permit of the adjustment of the crystal on the goniometer head by the usual optical methods. 
By an obvious modification, the device has been used to preserve efflorescent crystals. 

The crystals are orthorhombic prisms {210} terminated by s{201} and sometimes by r{101} 
(s: s’ = 754°; k:kh’ = 86°); cell dimensions a = 18-49, b= 8-60, c = 7:14 A.; n=4; 
d (calc.) = 1-29 g./c.c. (obs. 1-29) ; space-group P2,2,2,. Thecrystals exhibit imperfect cleavage 
parallel to {010}. They are optically negative, the plane of the optic axes being a(100), and 
[b] the acute bisectrix. The optic axial angle is 2E = 28° approx., and the refractive indices 
are a = 1-49 and y = 1-525. 

Partial examinations have been made of various substances, either on account of the poor- 
ness of the crystals, or because their importance did not appear to merit a complete study. Such 
measurements as are recorded, however, have in all cases been made upon single crystals. 

2:3: 6-Trimethyl B-methylglucoside (Baird, Haworth, and Hirst, this vol., p. 1201). This 
substance forms very fine needles. The cell dimension parallel to the needle is c = 4-41 A.; 
refractive indices « = 1-47 (parallel to [c]) and y = 1-555. 

2:4: 6-Tvimethyl B-methylglucoside (Haworth and Sedgwick, J., 1926, 2573). Very fine 
needles; cell dimension parallel to the needle is c = 4-41 A.; refractive indices « = 1-465 
(parallel to [c]) and y > 1-535. 

2:3: 4-Trimethyl B-methyl-d-arabinoside. This substance ([a]p — 220° in methyl alcohol, 
¢ = 2), formerly known as the «-form, crystallises in slightly deliquescent prisms, the length of 
the prism axis being c = 4-87 A. 

2:3: 4-Trimethyl a-methylarabinoside (formerly known as 8). This compound forms fine 
needles, apparently orthorhombic, the length of the needle axis being c = 4-85 A.; refractive 
indices « = 1-475 (parallel to [c]) and y > 1-555. 
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2:3:4:6-Tetramethyl B-methylgalactoside. This substance crystallises in small flattened 
needles, the cell dimension parallel to the length of the needle being c = 4-74 A. The bire- 
fringence is fairly high, with « = 1-47 (parallel to [c}). 

2:3: 4-Trimethyl §-xylonolactone (Drew, Goodyear, and Haworth, J., 1927, 1237). This also 
crystallises in flattened needles, the length of the needle axis being c = 4-60 A. The crystals 
are optically positive, with « = 1-465 (parallel to [c}). 

a-Ethylglucofuranoside (Haworth and Porter, J., 1929, 2796). This substance crystallises 
in small needles, the length of the needle axis being c = 5-69A. The minimum refractive index 
is not parallel to [c]. 

2:3: 5-Trimethyl y-lyxonolactone (Bott, Hirst, and Smith, J., 1930, 658). This lactone 
forms long monoclinic prisms, the cell dimension parallel to the prism length being c = 4-42 A. 
The birefringence is fairly high, with « < 1-47 (inclined at about 20° to [c]). Full details of the 
structure of this substance will be published later. 

2:3: 5-Trimethyl y-arabonolactone. This lactone (Drew, Goodyear, and Haworth, Joc. cit.) 
forms needles (probably orthorhombic) which are difficult to handle on account of their low 
m. p. (33°). The needle axis is c = 4-50 A. The crystals are optically positive, [c] being the 
obtuse bisectrix; 2E = 80° approx.; birefringence fairly high. 

Hexamethyl lyxofuranosido-lyxofuranoside. This dipentose (Bott, Hirst, and Smith, Joc. cit.) 
forms fine needles with c = 4-20 A. Details of a more complete examination will be published 
later. 

Optical measurements have been made on the following two substances, X-ray data for which 
have been recorded by Young and Spiers (loc. cit.). 

1:3: 4: 5-Tetrvamethyl B-fructose. The crystals of this substance show very good cleavage 
parallel to {001}, which is the plane of the optic axes; 2V = 90° approx., the optic axes being 
nearly normal to {110}. The refractive indices are a = 1-51 and y = 1-53. 

2:3:4-Trimethyl a-xylose. The monoclinic crystals of this sugar are frequently very 
unequally developed, being tabular on (110). The refractive indices are « = 1-48 (parallel 
to [b]) and y = 1-555. An optic axis is visible through (110). 


We wish to correct a slight inaccuracy in Part I (this vol., p. 978). The sorbose prepared 
by the action of B. xylinum on sorbitol is the /-form, and not the d-form as implied in the ex- 
perimental part of our paper; the earlier measurements were, however, carried out on d-sorbose. 


SUMMARY. 


X-Ray data for a number of crystalline methylated sugars are recorded. From a 
study of the results in conjunction with others previously published it is concluded that 
the carbon atoms in the C,O ring of simple and methylated aldopyranoses are nearly 
co-planar, the oxygen atom being displaced out of their plane. Reasons are adduced for 
supposing that the ring form is not appreciably different in solution, and the conformation 
deduced from the X-ray data is shown to account satisfactorily for various chemical 
reactions (formation of acetone compounds). The X-ray data confirm the configurations 
assigned to «- and B-glucose. 


We are indebted to H.M. Department of Scientific and Industrial Research for a Senior 
Research Award to one of us (T. H. G.), and to Prof. W. N. Haworth, F.R.S., for his con- 
tinued interest. 
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359. Primary Photochemical Reactions. Part VII. Photochemical 
Decomposition of isoValeraldehyde and Di-n-propyl Ketone. 


By C. H. BAMForD and R. G. W. Norris. 


PREVIOUS studies in this series (Norrish and Kirkbride, J., 1932, 1518; Norrish, Crone, 
and Saltmarsh, J., 1933, 1533; 1934, 1456; Norrish and Appleyard, ibid., p. 874; 
Saltmarsh and Norrish, this vol., p. 455) have dealt largely with the photolysis of carbonyl 
compounds produced by light absorbed in the generally diffuse carbonyl absorption band 





Ea ey 


Qo. © © & © =& A. & be eee 


Primary Photochemical Reactions. Part VII. 1505 


lying between 2 3200 and 2000 A. From the results obtained, and also from those of 
other workers with aldehydes (Leighton and Blacet, J. Amer. Chem. Soc., 1932, 54, 3165; 
1933, 55, 1766; de Hemptinne, /. Phys. Radium, 1928, 9, 357; Bredig and Goldberger, 
Z. physikal. Chem., 1924, 110, 532), we have concluded that the primary photochemical 
act may take the form of a unimolecular elimination of carbon monoxide, which may be 
represented, for aldehydes and ketones alike, by the scheme 


R R wos » RH+CO 
oo ( co) ai 
H~ H war > R+H-+CO 
Aldehydes. 
Be R, «* . RR, +CO 
CO —> ( co] —- 
R, R, R, + R, + CO 


Strong 


Ketones. 


This is best visualised as a change in the multiplicity of the carbonyl group, in which a 
transition occurs from a triplet to a singlet state, resulting thus in the primary production 
of carbon monoxide. In this way it may be supposed that the bonds uniting the alkyl 
radicals and the hydrogen atom melt away, and two free radicals are produced at once. 
If the energy of the C-C bond is taken to be of the order 90 kg.-cals., and of the C-H bond’ 
as 103 kg.-cals., and the energy of the transition CO®J] —> CO! to be 138 kg.-cals., 
the energy required to liberate the two free radicals at once is seen to be of the order 42 
kg.-cals. for ketones and 55 kg.-cals. for aldehydes. With aldehydes, however, very few 
free radicals are liberated as such; instead, the hydrocarbon RH is produced before they 
can escape from the decomposing molecule. This is proved by the fact that very little 
free hydrogen is found, and by the fact that Pearson (J., 1934, 1718) was unable to isolate 
any free radicals by Paneth’s method. It is also in accord with the recent work of Patat 
(Z. physikal. Chem., 1934, B, 25, 208), who, in the case of formaldehyde, found no free 
hydrogen atoms either in the region of fine structure or in that of predissociation. 
Nevertheless, it is now not to be doubted that some free radicals are formed in the case 
of aldehydes, for at high temperatures photolysis assumes the character of a chain reaction, 
which can only be explained in terms of free hydrogen or free methyl radicals (Leermakers, 
J. Amer. Chem. Soc., 1934, 56, 1899). The decomposition of ketones is analogous, except 
that now the two alkyl radicals mainly escape separately from the decomposing molecule. 
For instance, with methyl ethyl ketone, instead of only one, three hydrocarbons are found 
in the decomposition products in comparable quantities. It seems, therefore, that the 
difference between aldehydes and ketones is secondary, and we may suppose that it is 
bound up with the great difference in mobility between an alkyl radical and a hydrogen 
atom, and also with the question of steric hindrance. The following substances conform 
to this type of change : Ketones: acetone, methyl ethyl ketone, cyclo-pentanone, -hexan- 
one, and -heptanone. Aldehydes: formaldehyde, acetaldehyde, propaldehyde, and benz- 
aldehyde. In addition, we have shown that keten itself decomposes in a similar fashion 
(Norrish, Crone, and Saltmarsh, J., 1933, 357): CH,;<CO——-> CH,+ CO. We shall 
describe this primary change as type I. 

When studying methyl butyl ketone, Norrish and Appleyard (loc. cit.) found that an 
entirely different type of decomposition occurred, which can best be described as a species 
of cracking of the hydrocarbon chain : 


_ CH ii CH 
CHy-CHyCHyCH>CO —> CHy'CH:CH, + €y7°>CO 


This reaction occurred in spite of the fact that the light quantum is first absorbed by the 
carbonyl group. There must therefore have been an exchange of energy between two 
parts of the molecule, and it appeared that we had here lighted upon a new type of primary 
change which involves the transfer of a large part of the absorbed energy (in the present 
instance 30—80%, of the quantum) from the point of absorption to the point of reaction. 
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In effect, we are dealing with a type of internal sensitisation, and we shall describe this 
primary change as type IT. 

It appeared probable that such reactions would be found to be quite common with 
aldehydes and ketones with long chains, and the two substances named in the title were 
chosen in order to test this point. Our expectations have been justified : with zsovaler- 
aldehyde we find that 47°% decomposes according to type I, and 53% according to type II, 
as in the following scheme : 


(CH,),CH-CH, 5 (CH,)CH:CH, + CO (1) 
co CH, 

H CH,-CH:CH, + co (2.) 
H 


CH, + CO 
With dipropyl ketone, the proportions are respectively 37% and 63% : 


piggy. wit CoH i, + CO (3.) H 
CH,-CH,CH, CH,!CH, + “Sco (4.) 
CH,-CH,CH, 


¥ 
(5.) $(CgHg + CyHio + CgHyy) + CO ch 


CH,:CH, + SCO + C,H, (6) 
CH. 


3 


C,H, + CO 


In all cases the break in the hydrocarbon chain occurs between the carbon atoms lying in 
positions « and 8 to the carbonyl group. Thus the energy transfer occurring is of 
precisely the same character as occurs with methyl butyl ketone. These results are further 
discussed at the end of the paper. 


EXPERIMENTAL. 


The methods by which the substances under investigation were irradiated, and their 
decomposition products identified and estimated, have already been described (Norrish and 
Appleyard, Joc. cit.). In brief, they consisted in refluxing the substance in a vacuum, in a long- 
necked quartz flask. The vapour in the neck of the flask was never at a pressure greater than 
a few mm., and was subjected to irradiation from a vertical mercury lamp. The liquid was 
shielded from the light. The gaseous products of decomposition were collected in an evacuated 
globe of about 1 litre capacity. When the irradiation was complete, the products were 
pumped off in fractions at different temperatures ranging from that of liquid nitrogen to room 
temperature. The gases were collected in a gas burette, and analysed in a Bone and Wheeler 
apparatus. The liquids were collected in weighed tubes and weighed. Their physical pro- 
perties, i.e., vapour pressure, b. p., and f. p., were determined, and also their reactions with 
various reagents. It was usually possible to identify them with certainty. 

iso V aleraldehyde.—The aldehyde has a considerable vapour pressure (ca. 4-5 cm.) at ordinary 
temperatures, and it was found that irradiation for 10—20 hrs. produced sufficient of the 
products for a satisfactory analysis. The results of two experiments are given below. Volumes 
are expressed in c.c. at N.T.P. 

The analyses of fractions I, II, III were carried out in the ordinary way. The constituents 
of fractions II and III, viz., mixtures of olefin and paraffin, were identified by explosion with 
oxygen (a) before and (b) after absorption of the olefin by bromine-water. None of the first 
three fractions contained any substance appreciably soluble in water. On shaking fraction IVa 
with water, there was a decrease in volume, and a considerable part dissolved; this solution 
was removed and found to possess aldehydic properties. It had the smell of acetaldehyde, 
restored the colour to Schiff’s reagent, reduced Fehling’s solution, and responded to the iodo- 
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form test. It was therefore a solution of acetaldehyde. The concentration of the aldehyde 
was estimated colorimetrically by means of Schiff’s reagent, and found to agree closely with 
that calculated from the decrease in volume of fraction IVa when treated with water. 


Fraction. Temp. of removal. H,. CH,. co. C;H,.  iso-CyHy. CH,°CHO. 
(i) Ivradiavion for 13 hrs. 

I — 196° 13 1:3 26:1 — ae a 
II —130 to —135 -— ~ — 9°8 2:1 — 
IIIa —100 to —105 — — — 8°5 5:2 << 
IIIB - te -- — — 46 4-7 — 
IVa —90 to —100 —— _— — 2°7 4°9 2°0 
IVB —78 — — — —- 2°5 10°5 
V - aa ie ina dnp — 7-0 

Total 13 1°3 26:1 25°6 19°4 19°5 
(ii) Ivradiation for 19 hrs. 

I — 196 1-1 2°6 26°7 — — om 
II —110 to —115 a an —_ 15°5 4°3 — 
III —95 to —100 — _— —_ 4°7 51 — 
IVa —78 — -- — 0-9 1-9 2°5 
IVB ‘s — — — -- 8°5 16°3 

Total Ill 2°6 26°7 21°1 19°8 18°8 


Fraction IVs when cooled in liquid air separated into two layers before solidifying. The 
two components were separated by fractional distillation. For this purpose the tube con- 
taining the liquid was drawn off into a capillary of the form shown in Fig. 1: it was then 


Fic. 1. Fic. 2. 


+> Hyvac 


evacuated and sealed. The wide limb was then cooled to liquid-air temperature, and allowed 
to become warm, the capillary then being cooled in liquid air. By this means the top layer 
was distilled into the capillary, then the latter was sealed off. The f. p. and b. p. of the more 
volatile portion are given below, together with the data for isobutane for comparison : 


Expt. i. Expt. ii. 
 , ——————— 
F. p. B. p. F. p. B. p. 
Liquid in capillary ..........:ssseeseeeeeeseeeees — 148° —10° — 147° — 9° 
GRIP consccceseccscpncorccccscentusconscgescese —145 —10°2 — 145 —10°2 


The weight of the liquid (Expt. ii) was 0-022 g., corresponding to 8-5 c.c. of gas at N.T.P. 
The less volatile portion of fraction IVB was distilled back into the trap connected to a 
manometer, and its vapour pressure measured : 








V. p. of liquid, mm. V. p. of V. p. of liquid, mm. V. p. of 

‘ * ~ acetalde- c o . acetalde- 
Temp. Expt. i. Expt. ii. hyde, mm. Temp. Expt. i. Expt. ii. hyde, mm. 
—38° 43 45 43 — 28°5° 78 76 80 
—33 — 58 59 —24 93 — 104 
—31 68 67 — 23 — 97 114 


—30°5 _ 68 69 
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At the highest temperature the vapour was probably unsaturated. The vapour pressures 
thus corresponded closely with those of acetaldehyde: the same is true of the b. p. and f. p. 
as shown below : 
Expt. i. Expt. ii. 
Se Tn, EE, 
B. p. F. p. B. p. 
Liquid from Fraction IVB 23° — 124° 23°5° 
Acetaldehyde 20°2 — 123°5 20°2 


The liquid was miscible with water, and the solution gave the reactions mentioned above. 
The less volatile portion of fraction [VB was thus identified as acetaldehyde. The weight of 
the liquid was 0-032 g., corresponding to 16-3 c.c. of vapour at N.T.P. A fifth fraction was 
removed in the first experiment; it was a liquid miscible with water and giving the reactions 
of acetaldehyde. Its f. p. and b. p. showed that it was, in fact, acetaldehyde containing a 
little of the original isovaleraldehyde as impurity (f. p. — 125°, b. p. 26°). In the second 
experiment no fifth fraction could be obtained possessing a vapour pressure different from 
that of the original aldehyde. 

The results show that when isovaleraldehyde vapour is irradiated under the above con- 
ditions, decompositions occur according to equations (1) and (2) on p. 1506. From the equations, 
the volume of carbon monoxide should equal the total volume of saturated hydrocarbons, and 
also the volumes of aldehyde and methane should together equal that of propylene. The 
experimental results given fulfil these conditions satisfactorily, as shown below : 


Total saturated Aldehyde + Propylene, 
CO, c.c. hydrocarbons, c.c. methane, c.c. c.c. 
23°3 20°8 25°6 
24°2 21-4 21-1 


The proportion of the total aldehyde decomposing according to equation (1) is given as 45%, 
by Expt. i and 48% by Expt. ii. 
Di-n-propyl Ketone.—The results are given below for a preliminary experiment and for a 
complete run; volumes are in c.c. at N.T.P. 
Methyl 
Temp. of propyl 
Fraction. removal. H. co. CyHy CyH,. CyHig. CegHyy. COMe,. ketone. 
(i) (Preliminary) Irradiated for 26 hours. 
0°3 12:1 _ — 
— 17-4 , 0-8 
—_— 4°2 ' 07 
12:1 21°6 , 15 
(ii) Irradiated for 73 hours. 
22-1 — 
—105 to —110 — 29°3 
—100 to —105 — 0-2 
—78 — — 
—35 to —40 —_ 
—14 a 
Total . 2° 29°5 : P 12° 


x1 1 | 
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Fraction I in both experiments contained only carbon monoxide and hydrogen. Frac- 
tion II consisted of a mixture of olefin and paraffins; the olefin was identified in the ordinary 
way (described before) as ethylene, but explosion results alone could not give a complete 
analysis of the paraffin portion, since they were satisfied by mixtures of ethane with propane 
butane, etc., in suitable proportions. Physical methods showed that the paraffins present 
were ethane and butane. The method employed was as follows. About 5 c.c. of fraction II 
were treated with bromine in a gas burette to remove the ethylene, the excess of bromine 
being removed by potash solution. The residual paraffin occupied about 1 c.c. A short 
piece of narrow glass tubing, drawn out to a fine capillary which was sealed at the end, was 
attached to the three-way tap of the burette by pressure tubing as shown in Fig. 2. It was 
then exhausted, and the whole of the paraffin condensed into the capillary by cooling the 
latter in liquid air. When the capillary was warmed to — 80° most of the condensed gas 
boiled off, but a little liquid remained in the tube. Pressure-volume measurements showed 
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that at this stage the tube contained a permanent gas. The capillary was allowed to warm 
up slowly, and the last trace of liquid disappeared from it at — 29°. The vapour pressure of 
butane at this temperature is 238 mm. According to the chemical analysis the partial 
pressure of butane in the tube should be ca. 260 mm. (the total pressure was 760 mm.). The 
agreement between the two figures is sufficient to identify the higher paraffin as butane. 

Fraction III (Expt. ii) was a volatile liquid, which was removed in a small tube and weighed. 
The f. p., —- 95°, suggested that it was acetone or hexane, but close examination showed that 
before freezing, the liquid separated into two layers, the upper one having approximately six 
times the volume of the lower. A mixture of acetone and hexane, in the proportion 1: 6, 
was made up, and its properties compared with those of fraction III. The f. p.’s were the 
same, two layers were formed at — 80°, and the whole became homogeneous at about — 70° 
in each case. The relative volumes of the constituents were determined by distilling the 
liquid into a capillary, cooling to — 90°, and measuring the depths of the layers. It was 
possible to remove portions of the two phases separately, and perform micro-tests upon them. 
The substance forming the lower layer melted at — 95° and boiled at 56°. It was miscible 
with water, gave the iodoform test in the cold, and restored the colour to Schiff’s reagent very 
slowly. It was thus identified as acetone (f. p. — 94-3°, b. p. 56-1°). The other constituent 
melted at — 95°, and boiled at 71°. It was immiscible with water, and as far as could be 
ascertained, inert. These properties are those of m-hexane, f. p. — 94-3°, b. p. 69°. 

Fraction IV (Expt. ii) consisted of pure hexane, identified by its f. p. — 95°, b. p. 70°, and 
vapour pressure. The following table gives the v. p. at various temperatures, together with 
those of hexane. This fraction was immiscible with water and non-reactive. 


II) Schad asics iD thai Lashes cdadenvestatceunsi’ 0°0° —17°5° — 28°3° —38°0° 
Fe OE Pipatins BV; GAR. ccosccccsecasccesvess 45°0 17°5 13°5 11°5 
, A ee eee ree 46-0 16°3 12°3 11°4 


Fraction V was distilled off, the quartz flask being cooled in an ice-salt mixture. Dis- 
tillation was allowed to proceed over-night. The liquid was again distilled from the trap, 
which was for this purpose cooled to — 14°, to a second smaller trap. Practically all the 
liquid distilled over in about 2 mins. This was removed, weighed, and examined. It was 
quite insoluble in water, and with concentrated sodium bisulphite solution it was completely 
converted into a solid addition compound. This was decomposed into the original compound 
by potassium hydroxide. The liquid boiled at 107°, and froze from — 75° to — 80°. These 
figures are close to those for methyl m-propyl ketone (m. p. — 77-8°, b. p. 101-7°), and con- 
sideration of the previous results of the analysis leaves no reasonable doubt that fraction V 
consisted of this ketone. The original di-n-propyl ketone does not form a bisulphite compound. 

The results show that when di-n-propyl ketone vapour is irradiated, the decomposition 
occurs as shown in the scheme of equations (3, 4, 5, 6) on p. 1506. According to this scheme, 
the following relations should hold between the volumes of the various products : 


(i) Volume of CO = total volume of saturated hydrocarbons. 
(ii) Volume of C,H, = volume of methyl propyl ketone obtained + (C,H4») + 2 (acetone + 
C,H,). 
The experimental results satisfy these equations reasonably well, the volume of carbon 
monoxide being 22-1 c.c. and the total volume of saturated*hydrocarbons being 20-4 c.c. The 
right-hand side of equation (ii) amounts to 30-7 c.c., whereas 29-5 c.c. of ethylene were obtained 
experimentally. 
The results show that 37% of the dipropyl ketone decomposes primarily according to 
type I, the remainder following type IT. , 


DISCUSSION. 


The results described above show that the two substances under investigation have in 
each case roughly equal probabilities of decomposition by reactions of type I and type II. 
It seems therefore clear that the molecules must exist in two distinct states, such that the 
absorption of a light quantum in the first state leads to a decomposition of type I or 
alternatively. Just how chemically distinct these states are, cannot at present. be 
assessed, but it is suggested that they represent merely different phases of the thermal 
vibrations through which the molecule periodically passes. 

Type I decomposition of dipropyl ketone, in view of the hexane produced and of our 
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previous results with methyl ethyl ketone (Norrish and Appleyard, Joc. cit.), must give 
free radicals.* 

The decomposition of isovaleraldehyde according to type I, on the other hand, since it 
gives rise almost entirely to the hydrocarbon isobutane and a very small proportion of 
free hydrogen, yields very few free radicals, as is general for aldehydes (see p. 1505). 
Here, as in the other cases already discussed, the hydrogen atom and free alkyl group 
must join up before they leave the aldehyde molecule. Nevertheless, the small amount 
of free hydrogen suggests that it should be possible to detect a few free butyl radicals by 
Paneth’s method. 

The alternative type of primary photodecomposition of aldehydes and ketones, which 
we have referred to above as type II, is now characterised with certainty. A comparison 
of the cases of methyl butyl ketone and isovaleraldehyde suggests a greater tendency for 
this change to occur with ketones than with aldehydes, for with the former some 90% of 
the whole of the ketone reacts according to type II while with the latter the partition 
between the two types is 40% for type I and 60% for type II. A comparison of methyl 
butyl ketone with dipropyl ketone further shows that the tendency for the new type of 
decomposition to occur increases with the length of the hydrocarbon chain. 

It seems clear, from the three examples studied, that the break tends to occur in the 
same place relative to the carbonyl group, viz., between the two carbon atoms situated in 
the « and the 8 position, and this fact suggests that there is some sort of resonance 
between the carbonyl group and the C-C link in this position, as a result of which the 
electronic energy of excitation of the former can be readily transferred wholly or in part 
to the latter. 

The only doubtful case, so far as the above generalisation is concerned, is the decom- 
position of methyl ethyl ketone, a small part of which (ca. 5°) decomposes to give ethylene 
(Norrish and Appleyard, Joc. cit.). This may be represented either as 


“Hac >C O —> ©,F, + cH, >CO or as “Hact>CO —> “is 4 CHP >CO 
4C,Hy 


If the reaction occurs according to the second equation, it is in accord with the general- 
isation made above, but if it occurs as in the first equation, then the break in the chain 
occurs at a different link from that concerned in the other carbonyl substances. In view 
of the small extent to which this change occurs, we have not yet been able to isolate 
either acetaldehyde or acetone to distinguish between the two possibilities. 

The mechanism by which the energy may be transferred from the point of absorption 
to the point of reaction must at present remain obscure, and we have nothing to add to 
the views expressed earlier in this series (Norrish and Appleyard, Joc. cit.). It is not to 
be doubted, however, that in these three examples, and others which we are now studying, 
a new type of primary photochemical change has been disclosed which must be of 
fundamental importance to the photochemistry of polyatomic molecules. 


SUMMARY. 


The photodecompositions of the vapours of isovaleraldehyde and di-n-propyl ketone 
in the light of the mercury lamp have been studied with a view to elucidate the nature of 
the primary change. The light absorbed corresponds to the diffuse absorption bands 
lying between 3000 and 2000 A. The results of the detailed analyses of the products 
lead to the equations set out on p. 1506, and, taken in conjunction with the other studies 
of the series, confirm the existence of two types of primary photochemical change in 
carbonyl compounds: type I consists in an elimination of carbon monoxide to leave saturated 


* [Note added, October 15th, 1935.] At the meeting of the Society held on May 2nd (Chem. and 
Ind., 1935, 54, 488) it was suggested by one of us, in view of the results now described, that it should 
be possible to isolate the hitherto undiscovered free propyl radical from dipropyl ketone by the Paneth 
method as modified photochemically by Pearson. In a recent communication (Nature, 1935, 136, 221). 
Pearson reports that he has succeeded in doing this, and he thereby provides a striking confirmation of 
the correctness of our conclusions. . 
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hydrocarbons and is probably connected with a change in the multiplicity of the carbonyl 
group; type II involves a break between the « and the 8 carbon atom of the hydrocarbon 
chain, and results in the production of an olefin and a simpler carbonyl derivative. In 
this case there is an energy transfer from the chromophoric group to the point of reaction, 
the mechanism of which is at present not clear. It appears that the latter change occurs 
somewhat more readily with ketones than with aldehydes, and also that it increases in 
probability with the length of the hydrocarbon chain. 


We are indebted to the Royal Society and the Chemical Society for grants for apparatus, 
and to the Department of Scientific and Industrial Research for a maintenance grant to one 


of us (C. H. B). 


DEPARTMENT OF PHYSICAL CHEMISTRY, CAMBRIDGE. (Received, August 20th, 1935.] 





360. The Mechanism of Additions to Double Bonds. Part II. 
The Steric Course of Two Diene Syntheses. 


By ALBERT WASSERMANN. 


THE addition products of benzoquinone or maleic anhydride with cyclopentadiene can exist 
in geometrically isomeric forms, the rates of formation of which are different. The purpose 
of this paper is to explain this difference. 

The Addition of Benzoquinone to cycloPentadiene.—The two possible stereoisomeric 
forms of cyclopentadienebenzoquinone (cf. Alder and Stein, Annalen, 1933, 501, 247), 
the “‘ endo-”’ and the “ exo-”’ form, are shown in Fig. 1.* The possibility that the condens- 
ation product is a mixture of the two forms, which cannot be separated by crystallisation, 
is excluded by the experiments described on p. 1513, which showed that under dif- 
ferent conditions (concentration, temperature, solvent) the same product is invariably 
obtained, the purity of which is established by the melting point and by a sharp absorption 
band (maximum 2220 A.). It is therefore certain that one of the isomerides predominates, 
and that no subsequent interconversion of the alternative products occurs. 

Mutual orientations of the benzoquinone and cyclopentadiene molecules suitable for 
1 : 4-addition are represented in Figs. 2 and 3 of Part I (this vol., p. 833), and Figs. 2 and 3 
of this paper depict their orientations subsequent to the regrouping of the electrons. These 
intermediate configurations are transformed into the stable endo- or exo-compound by a 
change in the direction of certain valencies. 

Table I gives the dipole induction energies with which benzoquinone and cyclopentadiene 
attract each other in the orientations corresponding to Figs. 2 and 3. For the calculation, 
the same assumptions were made as in Part I. As a measure for the separation of the 
reacting molecules, the atomic distance BIV (= CI) was again used and denoted by d. 


TABLE I. 


Induction Energies corresponding to Different Intermediate Configurations in the 
cycloPentadiene—Benzoquinone Reaction. 


Distance d (A.) 2°33 
Induction energy —33 


(kg.-cals. /mol.) 


endo-Addition, intermediate configuration, 
Fig. 2 of Part I (cf. Fig. 2) 


exo-Addition, intermediate configuration, 
Fig. 3 of Part I (cf. Fig. 3) 


Induction energy 


Distance d (A.) 
{ (kg.-cals. /mol.) 


The energies are greater in the mutual orientation suitable for the formation of the endo- 
isomeride; hence, it may be concluded that the activation energy of the endo-addition 


* It is not known whether the oxygen atoms are in the cis-position (as arbitrarily assumed in Fig. 1), 
in the tvans-position, ‘or coplanar with the carbon atom of the quinone ring. Perhaps there is an 
equilibrium between the different configurations. 
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(Exaao) is smaller than that of the exo-addition (E,,,). As only one addition compound 
is found, this must be the endo-product. 

In the two equations kenao = Zenao CH”? and Rego = Zexo & Hr" *?, Zenao Cannot be 
much smaller than Z,,, because the statistical probability of the collided state is nearly 
the same for the two intermediate configurations (Figs. 2 and 3 of Part I). If it is 
assumed as a first approximation that the “dispersion forces” between the molecules 
in two orientations are equal,* the calculated difference in the induction energies may be 
taken as equal to E,,, — Egnqao, and then for 20° the following ratios of the rate constants 
are obtained : 

eS Ly eee Des 2°33 2-00 1-80 


Renta : Reng osccecccvccscccecccceces ~6 ~ 100 ~ 1600 


The difference in the rate constants, as estimated from the induction energy, is therefore 
sufficient to explain the steric selectivity provided that the distance d does not much 


exceed 2A. } 
Fic. 4. 


Mutual orientations of maleic anhydride and cyclopentadiene. 
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(a) 
The Addition of Maleic Anhydride to cycloPentadiene.—The formation of 3 : 6-endo- 


methylene-A*-tetrahydrophthalic anhydride from maleic anhydride and cyclopentadiene 
was discovered by Diels and Alder (Annalen, 1928, 460, 111; 1930, 478, 137), and the steric 


9 H ord 
H H H .H H 
ON a ON Oe ae, a ee 
\e/Nu nw’ \ANy \c/£ Ny 
O H O H 


course of the reaction was elucidated by Alder and Stein (Annalen, 1933, 504, 222; 1934, 
514, 1; Angew. Chem., 1934, 47, 837). In benzene solution only the endo-form of the ad- 
dition product is formed. The exo-form has never been prepared directly from its com- 
ponents, but only indirectly from the endo-compound (Alder and Stein, Annalen, 1933, 
504, 247). 

In Fig. 4 mutual orientations of cyclopentadiene and maleic anhydride molecules are 


* See a following paper. 
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shown in plan and side elevation, the scale being correct for the lengths of the various 
bonds (cf. Part I, p. 832). It will be seen that orientation (a) would lead to the endo- 
and (b) to the exo-compound. For comparison, another orientation (c) corresponding to 
a hypothetical 1: 2-addition product has been considered. In calculating the dipole 
induction energy (cf. Part I), the moment of the C = O bond (p,, wu.) was taken as 2:8 x 
10-8 and that of the C—O bond (ug, 4) as 1 x 10-%8 (cf. Wolf and Fuchs, Freudenberg’s 
“‘ Stereochemie,” 1933, p. 263). The electric intensity due to p, and p, is given by 


(3 cos? 8 — 1) + 24 sin 8 cos 8 


F,= 


Be 
73 
F, = St sin 8 cos 8 + 3 (3 sin?s — 1) 

The x axis was chosen to pass through yw, and yy, uw, and y, being the components of the 
moments in the direction of the x and the y axis respectively ; r and 8 have the same meaning 
as in equation (3) of Part I. 

Although the small dipole moment experimentally observed for furan should not be 
regarded as evidence that the C-O moment therein is necessarily smaller than 1 x 1078 
(Sutton, Trans. Faraday Soc., 1934, 30, 799), the possibility still exists that in maleic 
anhydride this moment is much smaller than 1 x 1078. In the last column of Table II 
the induction energy has therefore also been calculated upon the almost certainly incorrect 
assumption that uw, and yw, are zero. The distance dis that between the atoms BIV (= CI) 
and BI (= CII). 

TABLE II. 


Induction Energies corresponding to Different Intermediate Configurations in the 
cycloPentadiene-Maleic Anhydride Reaction (d = 2 A.). 
Intermediate Induction —— (kg.-cals. /mol.). 
configurations (Fig. 4). y3;=p,=—1x10"* H3= p= 0. 
endo-Addition a — 144 — 84 
exo-Addition b — 92 — 49 
1 : 2-Addition c — 72 — 47 
The energy with which the maleic anhydride and cyclopentadiene molecules attract 
one another is at any rate greatest for orientation (a), whether yu, and yw, are zero or whether 
the C-O moment amounts tol x 10%. The activation energy must therefore be less for 
the endo-addition, and this product must be formed the more rapidly. This is in agree- 
ment with experiment. Upon the same assumption as on p. 1512 for 20°, the following 
ratios of the rate constants are obtained : 


a and py = 1x 10-18; hengo : Rezo = 7 X 10® ; Kendo : Ry:¢ adda, = 2X 105 
vg and p, = 0 > Rendo : Rexo = 390 > Rendo : 2y:2 aaan, = 550 


These values show that the experimentally observed steric selectivity and the preferential 
1: 4-addition as compared with the 1 : 2-addition can be regarded as dependent on the 


same cause. 
EXPERIMENTAL. 


The ultra-violet absorption of cyclopentadienebenzoquinone was determined by a method 
described elsewhere (Smakula and Wassermann, Z. physikal. Chem., 1931, 115, A, 353). The 
molar extinction coefficients are defined as in Part I, viz., « = l1/cd. logy I,/I. The results 
were as follows : 

my. 200. 204. 208. 212. 216. 220. 224. 228. 232. 236. 240. 244. 
© xX 10-8 {Ett 61 46 57 78 109 122 117 85 63 48 28 «1:3 


1. /g.-mol. /cm. Ethyi 


alcohol 65 74 100 128 128 114 95 72 53 31 


cycloPentadienebenzoquinone isolated from the five solvents mentioned in Table III at 20°, 

40°, and 50°, was purified by recrystallisation from n-hexane, from which it separates in rect- 

angular plates. Allspecimens had the same m. p., crystal shape, and colour. The yields at 40° 
5F 
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are shown in Table III. The product was weighed after one recrystallisation from hexane 
(m. p. 75—76°). In calculating the figures of the last column of Table III, allowance was made 
for the solubility in hexane. At 0°, 100 g. of the saturated solution contain 0-9 g. of cyclo- 


pentadienebenzoquinone. 





TABLE III. 
Isolation of cyclopentadienebenzoquinone from various solvents at 40°. 
cyclo- Addition compe, g. Addition compd. 
Quinone, Pentadiene, Vol., Time, , found, % of 
Solvent. g. g. C£i hrs. weighed. in soltn. (0°). theor. 
7 Poe 20 12 430 3 30 1:0 97 
EtOH ® ......2.- 18 ll 410 3 25°5 1*4 93 
GEA, cacececacces 24 15 390 8 36 21 98 
= ee 11 7 370 6 17 0°5 97 
CB ey ceccenccvescens 6°2 10°1 320 20 15 0°7 96 


* The experiments described in Table VIII of Part I were carried out under other conditions of 
concentration and temperature. 


I wish to express my sincere gratitude to Professor C. K. Ingold, F.R.S., and to the Imperial 
Chemical Industries, Ltd. 


Lonpon, UNIVERSITY COLLEGE. [Received, June 5th, 1935.] 








361. The Kinetics of the Interactions of Sodium Hydroxide with the 
Bromoethanes in Ethyl-alcoholic Solution. The Mechanism of Olefin 
Formation in Such Systems. 

By WILLIAM TAYLOR. 


HuGuEs and INGOLD (this vol., p. 246) have discussed the two types of mechanism—S,1 
and S,2—for substitution of the nucleophilic hydroxyl ion at a saturated carbon atom. 
An entirely distinct mechanism (see p. 1516) is now brought forward to explain olefin 
formation when hydroxyl ion reacts with bromo- (and other halogeno-) ethanes. 

The present paper describes an examination of the kinetics of the elimination of bromine 
by ethyl-alcoholic sodium hydroxide from those members of the bromoethane series not 
already studied. Grant and Hinshelwood (J., 1933, 258) worked with ethyl bromide, 
Ward (J., 1930, 2143) with s.-tetrabromoethane, and Taylor and Ward (J., 1934, 2003) 
with penta- and hexa-bromoethanes. The results obtained (see Table I) indicate that 
the work of Petrenko-Kritschenko (Ber., 1928, 61, 845), who kept N/20-solutions of com- 
pounds 1, 2, 4, 7, 8, and 9 at 60° with ethyl-alcoholic (95%) N/20-potassium — for 
30 mins., was superficial. 

In no case is bromine eliminated in the presence of ethyl alcohol alone, t.e., mechanism 
of type Sy1 does not opetate at all in this series. Where the reaction between ; any of these 
compounds and caustic alkali proceeds with measurable speed, it is bimolecular for any one 
run, but the coefficients so obtained vary in different experiments according to the conditions 
(see p. 1518). Certain considerations (p. 1518) suggest that the reaction takes place 
essentially between the hydroxyl (or ethoxyl) ion and the bromoethane. 

Mechanism of Olefin Formation.—Olefinic compounds are formed to the exclusion of 
hydroxy-compounds with pentabromoethane, s.- and as.-tetrabromoethanes, aa$-tribromo- 
ethane, and with ethylene dibromide to the extent of 79- ‘5% (see Table II, which shows 
the reactions that occur with the six compounds investigated in the present work). Except 
the last, these five elimination reactions are immeasurably fast, and all can be classified as 
‘rapid ” (see Table I). Substitution of bromine by hydroxyl occurs, to the almost com- 
plete exclusion of olefin formation, with the remaining four compounds (although with 
hexabromoethane the hydroxy-compound presumed to be first formed decomposes to the 
olefinic tetrabromoethylene in a secondary change; Taylor and Ward, Joc. cit.); these 
four reactions can be classified as “‘ slow.” In Table I values of & are expressed in g.-mols./ 
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l./min.; k, and k, refer respectively to the elimination of the first and second bromine 
atoms. 


TABLE I. 


Compound. hy. : % Changed.* 
Olefin Formation. Class R (= Rapid). 


. Pentabromoethane Inst. (25°) hase 4 19-0 
. S.-Tetrabromoethane Inst. (25°) Rose 86 > 73°1 
3. as.-Tetrabromoethane Inst. (25°) Rose ; —_ 
. aaB-Tribromoethane Inst. (25°) Resse : 37°1 
. Ethylene dibromide Rese = 1°42 Resse ‘ 46 
hose = 4°34 x 10° 
Hydroxyl Substitution. Class S (= Siow). 


9. Hexabromoethane hose = 4°57 x 10° hog = 4 < 27-2 
. aaa-Tribromoethane ksse = 16°6 Resse ‘ —_ 
. Ethylidene bromide kese = 1:21 x 10% Rose : — 
. Ethyl bromide kose = 3°60 x 10° 4 


* From Petrenko-Kritschenko’s results. 


Grant and Hinshelwood (Joc. cit.) think it possible that the measured rate of interaction 
between hydroxyl ion and ethyl bromide “is determined by a single primary reaction be- 
tween hydroxyl and the halide and that the proportions of alcohol and ethylene depend 
upon processes subsequent to the initial act: e.g., activated alcohol molecules may be 
formed, a certain proportion of which decompose into ethylene and water,” and later state 
that this “‘ simple hypothesis gives a coherent interpretation of the results,” since these 
accurately satisfy the Arrhenius equation. We will consider this suggested theory of olefin 
formation by applying it to the case of another bromoethane, viz., ««8-tribromoethane ; 
the hydroxyl ion would presumably attack the positive carbon atom and olefin formation 
would result as follows : 


OH® + CHBr,CH,Br —> CHBr(OH)-CH,Br —> CHBr:CHBr, 


but actually as.-dibromoethylene is formed. Hence, Grant and Hinshelwood’s suggestion 
does not hold for this case. Further, it fails entirely to explain the extreme difference in 
the rates of reaction (k, in Table I) for the two pairs of isomeric bromoethanes, 4 and 5, 
and 2 and 3, since by this theory the first of the two stages in the suggested consecutive 
mechanism should operate more quickly (7.e., the disappearance of hydroxyl ion should be 
more rapid) for the more unsymmetrical molecules, whereas actually the converse is found 
to occur. 


TABLE II. 
Products with EtOH-—NaOH. 
Olefin formed on displacement Hydroxyi-substitution 
Compound. of one bromine atom. products. 
7. CH,Br-CBr, CHBr:CBr, None found 
4. CH,Br-CHBr, CH,-CBr, None found 
5. CH,-CBr, 2°8% Olefin CH,°CO,Na 
3. CH,-CHBr, Very small proportion CH,;°CHO 
2. CH,Br-CH,Br CH,-CHBr (79°5%) CH,(OH):-CH,°OH (18°5%) 
1. CH,-CH,Br CH,:CH, (1°3%) EtOH 


Scrutiny of the kinetics of the interaction of hydroxyl ion with polybromoethanes 
reveals that the mechanism of olefin formation is distinct from that of hydroxyl substitu- 
tion. During the first process 1 equiv. of hydroxyl ion reacts either instantaneously 
(k) or very quickly, and then follows a relatively very slow reaction (kg) corresponding to 
the elimination of a second molecule of hydrogen bromide. During hydroxy] substitution, 
on the other hand, several equivalents of hydroxyl ion are consumed either simultaneously 
or consecutively at rates which are of a similar order of magnitude (see Table I). Values of 
k, during olefin formation are constant, but those for mechanism S,2 exhibit a drift which 


is sometimes considerable. 
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A further difference is seen on comparing the energies of activation (from #,) of the only 
pair of isomerides—2 and 3—for which this is possible: E, = 22,750 cals., E; = 26,340 
cals., which shows that olefin formation takes place more easily than does substitution by 
hydroxyl. 

The theory now brought forward to explain the facts of olefin formation in systems such 
as those under discussion is that the primary change is the reciprocal attraction between 
the hydroxyl ion and an initially positively-charged hydrogen atom attached to one of the 
two carbon atoms [C,,)] in the bromoethane molecule. The attraction ends finally in the 
removal of the hydrogen as a proton to give a molecule of water by union with the hydroxyl 
ion. This change is essentially gradual, and can only occur if it is accompanied simul- 
taneously by the gradual extrusion of a bromide ion from the other carbon atom [Cy]. 
Expulsion of bromine will naturally take place from C,, and not from C,,, because of the 
proximity of the relatively large negative charge on the hydroxyl ion to the bromine 
atoms attached to C,,. Olefin formation is thus visualised as being brought about by 
electronic displacements in the ethane molecule effected by the approach of the hydroxyl 
ion, the C,,—H link and the C,,—Br link both being gradually and simultaneously extended 
until, beyond a certain critical point again reached simultaneously by both links, they are 
ruptured, and water, olefin, and bromide ion result as in the scheme * below, which scheme 
is similar to that developed by Ingold for olefin formation resulting from the decomposition 
of quaternary ammonium bases and by Drake and McElvain (J. Amer. Chem. Soc., 1934, 56, 
1810) for the reaction between piperidine and ethyl 8-bromopropionate. 


b+ 
H-CBr;-H —> H,C-CBry—H OH® —> H,C=CBr, + H-OH 
¥ \ 
r OH? Bp Br® 


It must be emphasised that, according to this theory, complete repulsion by the hydroxyl 
ion of electrons from the hydrogen atom is only possible if there is an electrophilic atom 
(or possibly radical) such as a halogen, attached to C,», to act as a sink for other electrons 
displaced from Cj) simultaneously with those from the hydrogen atom. 

Whether this mechanism will operate to any large extent or not will depend primarily 
on the magnitude of the positive charge on the hydrogen atom of the C,,.—H link, since this 
will determine whether or not the hydroxy] ion will be attracted to this atom at the expense 
of any positively-charged carbon atom. Further, it is clear that the rate of olefin form- 
ation will depend secondarily and to a large extent on the polarisabilities of the C,,—H, 
C.-C), and C,—X links (X = halogen). If the polarisabilities of C,,—H and C,,)—Cy, 
be taken as sensibly constant, then for a given initial positive charge on the hydrogen atom, 
the rate, and hence the proportion of olefin formation, will be increased with increasing 
polarisability of the C..—X link. On this mechanism, then, the rate of olefin formation is 
proportional to (a) the initial positive charge on the hydrogen atom, #.e., the polarisation of 
C,-H, and (6) the polarisability of C..,—-X. Hence, if factor (6) is constant, as in the bromo- 
ethanes—C,»,—Br being the same—then the rate of olefin formation is proportional to factor 
(a) only. This is illustrated by the relative rates of olefin formation from the compounds 
pentabromoethane (17-3), s.-tetrabromoethane (10-8), ««$-tribromoethane (1-3), and 
as.-tetrabromoethane (0-55), as found by using s,-tetrachloroethane as the standard sub- 
stance in the competitive method (Taylor and Ward, Joc. cit.). On the other hand, if 
factor (a) is constant, a state of affairs which, in practice, cannot be accurately realised, then 
the rate of olefin formation is proportional to factor (6) alone. This explains the high 
proportion of olefin formation from aliphatic iodides (see Brussoff, Z. physikal. Chem., 
1900, 34, 129), and also the higher rates of elimination of hydrogen halide from pentabromo- 
as compared with pentachloro-ethane and from s.-tetrabromo- as compared with s.-tetra- 
chloro-ethane (Taylor and Ward, Joc. cit.); the polarisabilities decreasing in the order 
C-I>C-Br>C-Cl. 


* Any explanatory scheme such as CH,Br-CHBr, + OH’ —> CH,Br-CBr,’ + HOH —> 
CH,:CBr, -+ Br’, is untenable, for otherwise there is no apparent reason why ethylidene bromide should 


not remove instantaneously one equivalent of OH’. 
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The proportions of any bromoethane changed either by mechanism S,2 or by the olefin 
mechanism outlined above will thus depend, not only on the relative intrinsic rates of the 
two mechanisms, but also on the relative magnitudes of the positive charges on the carbon 
and hydrogen atoms in the ethane molecule. That the olefin mechanism is intrinsically 
rapid relative to S,2, as witness the values of E and k for the isomeric dibromoethanes, may 
be because the hydrogen atom attacked is on the outside of the molecule, whereas the 
carbon atom which is the seat of the attacks in mechanism S,2 is inside the molecule. 
Alternatively, the difference may lie in the structural differences of the hydrogen and 


- + 
carbon atoms. If the C,,—C,) link is highly polarised, as, ¢.g., in H,C-C=Brs, whereas 
the C-H link is only feebly polarised as in the same molecule, then mechanism S,2 should 
predominate. This actually occurs, for the proportion of olefin formed from this substance 
is only 28%. If the conditions of the links are reversed as in s.-tetrabromoethane, 

+ + 


pond then olefin formation is dominant. It is significant that with all 
Br.” = 
polybromoethanes containing the group CHBrg, in which C-H is presumably highly polar- 
ised, elimination of hydrogen bromide is instantaneous if only there is a bromine atom 
attached to the adjoining carbon atom to serve as an outlet for the electron displacements 
initiated by the hydroxylion. With ethylidene bromide, which has no such bromine atom, 
olefin formation by initial attack of the hydrogen atom of the CHBr, group is impossible 
(that a small amount of olefin is formed is due to the attack of a hydrogen atom of the 
methyl group—see below). When there is a *CH,Br group in the molecule of the bromo- 
ethane, 7.¢e., where C-H is still polarised to some extent, olefin formation will again predom- 
inate over hydroxyl substitution if the necessary bromine atom is to be found on the 
adjoining carbon atom, as in the case of ethylene dibromide.* With ethyl bromide, as 
there is no such bromine atom, the case is analogous to that of ethylidene bromide (above). 
With as.-tetrabromoethane the group ‘CBr, presumably increases the polarisation of C-H 
in the adjoining -CH,Br group to such an extent that olefin formation is instantaneous, 
but it is noteworthy that %,.0,1,pr,/Fas.-c,u,Br, = 10-8/0-55. Olefin formation is still 
possible by attack of the hydrogen of the methyl group in a bromoethane, for the C—H link 
must be polarised to a small extent by the presence of the bromine attached to the adjacent 


. a 
carbon atom, but the probability is that in such a molecule, the C-C link being relatively 
highly polarised, the hydroxy] ion will attack the positive carbon in preference to one of the 
hydrogen atoms of the methyl group. The proportion of olefin formed should therefore 
be small, and is actually found to be so. 

Facts which this theory explains are the remarkable changes in the nature of the pro- 
ducts and the enormous difference in the rates of reaction with the hydroxyl ion brought 
about by introduction of a bromine atom into the methyl group of ethylidene bromide to 
give a«8-tribromoethane, or of a««-tribromoethane to give as.-tetrabromoethane, or by 
the introduction of a hydrogen atom into the -CBr, group of hexabromoethane to give 
pentabromoethane. The theory also indicates for any substituted aliphatic hydrocarbon 
whether olefin formation or hydroxyl substitution may be expected to predominate. 

The Different Rates of Hydroxyl Substitution in Ethyl Bromide, Ethylidene Bromide, and 
ana-Tribromoethane.—A fact brought to light in measuring the rates of hydroxyl substi- 
tution in these three substances is that, although with the increasing positive change of 
Cig) in this series one would expect a steady fall in the energy of activation and probably a 
concomitant steady rise in the velocity of substitution, yet this is not found to be the case. 
In Table III, %,;. is expressed in g.-mols./l./min., and P is obtained from the equation 
k = PZe#*'*T, The data show that the value of the velocity constant does depend on E. 
The values of P vary with those of E, a correlation similar to that obtained by Hinshelwood 


* That hydroxyl substitution operates to a considerable extent with ethylene dibromide, in spite 
of there being no initial polarisation of the C-C link, is due to there being an initial positive charge on 
each carbon atom since each is linked to a bromine atom, this positive charge being of comparable 
magnitude with that existing initially on each of the hydrogen atoms. 
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and Legard (this vol., p. 592) for the process of esterification. The rapid reaction is there- 
fore slower, and the slow reaction quicker, than it should be on the simple collision theory. 


TABLE III. 
Compound. FP. 
Ethyl bromide 3 
Ethylidene bromide 1- 
aaa-Tribromoethane 2: 


x 10° 0- 
x lo 3°8 x 10* 
1-4 x 10* 


k 
0 
1 


25° 
6 
2 . 
70 

Effect of Changing Conditions on the Value of k.—The value of the velocity constant 
increases with the dilution of the alkali in all cases where the variation has been investig- 
ated; moreover, it is independent of the concentration of the bromoethane where examined 
(see ethylene dibromide, p. 1522, and ethyl bromide, Grant and Hinshelwood, Joc. cit.), 
it decreases on addition of relatively large amounts of sodium bromide (see ethylene di- 
bromide, p. 1522), and is decreased by addition of water (see Tables IV, V, and VI). The 
approximate agreement in the values of the velocity constant and the energy of activation 
whether sodium or potassium hydroxide reacts with ethylene dibromide, a similar agree- 
ment for ethyl bromide, and the marked similarity in the effect of dilution of these alkalis 
on the values of the velocity constants for the reactions with these two bromo-compounds, 
suggest that the reactions take place essentially between the hydroxyl ion and the bromo- 
ethane. It is, however, possible that, by alcoholysis, the reagent is ethoxyl ion, although 
the effect on the value of %,c,u,n,, of dilution of sodium ethoxide (see p. 1522) is different 
from that of dilution of sodium hydroxide. 

The value of the velocity constant is approximately doubled by 100-fold dilution ; 
this is similar to the results obtained for reactions between alkyl iodides and sodium ethoxide 
(Hecht, Conrad, and Briickner, Z. physikal. Chem., 1889, 4, 272) and sodium naphthoxides 
(Cox, J., 1918, 113, 666; 1920, 117, 443). Sodium bromide produces only a negligible 
reduction in the velocity coefficient for ethylene dibromide unless it is present in very high 
concentration, so the salt formed in the course of the reaction cloes not measurably affect 
the values of this coefficient. 

Solvent Effect.—The retarding effect of water on substitution reactions such as those for 
ethyl bromide and ethylidene bromide—type S,2—in alcoholic solution has been discussed 
by Hughes and Ingold (loc. cit.). These authors develop a theory of solvent action based 
on the assumptions that, where electrical charges are present in a given solvent, (i) solvation 
will increase with the magnitude of the charge, leading to a reduction of the energy of 
the “ critical complex ”’ in excess of the reduction of the energy of the factors, which excess 
equals the reduction of the energy of activation, and (ii) solvation will decrease with in- 
creasing distribution of a given charge, leading to an increase in the energy of activation. 
They state that : ‘‘ We have then only to consider the magnitude and distribution of the 
charges on the ‘ critical complex ’ in relation to those in the factors, in order to deduce the 
effect of solvation on the energy of activation and the velocity; and, whatever the direction 
of the effect may be, its magnitude will be greater in strongly solvating (ionising) than in 
feebly solvating solvents.”” Evidently a further important assumption not made explicitly 
by them is that a decrease in the energy of activation results in an increase in the velocity 
of reaction and vice versa. This assumption is admittedly generally true, but unless the 
retarding or accelerating effect of water additions to such ethyl-alcoholic solutions can be 
shown to be proportional to the variations in the energy of activation, this “ solvating 
theory ” of solvent action obviously cannot be accepted as a true explanation of the facts. 
Curiously enough, Hughes later (this vol., p. 256) adduces a fact in direct contradiction to 
the theory as outlined above. He shows, with ¢ert.-butyl chloride, where the mechanism 
of type Sy1 operates, “‘ that, although the velocity constant is decreased 40-fold in passing 
from 50% alcohol to 80% alcohol, and 200-fold in passing from the former medium to 80%, 
acetone, the value of E varies but slightly in the examples studied. The variation is almost 
entirely accounted for in the log, B term” of the Arrhenius equation k = Be*/*?, The 
variation recorded in the values of E is from 22,920 cals. (50% alcohol) to 23,060 cals. 
(80% alcohol). The big changes noted in the values of the velocity constant for this re- 
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action, and brought about by alteration of the water content, cannot then be due to a 
corresponding variation of E, and this example certainly does not support the “ solvating 
theory.”” The results now recorded for ethyl bromide (Table VI), ethylidene bromide 
(Table IV), and ethylene dibromide (Table V), although in this last case the mechanism is 
only partially one of hydroxyl substitution, show that whereas the values of the velocity 
constants continuously decrease with continued addition of water (but note the exception 
of ethyl bromide at 25° up to 25% water), yet EZ falls to a minimum and then increases very 
gradually. 

In calculating values of E, it has been assumed that the reaction in any one system is the 
same whether the alcohol be wet or dry. This assumption would appear to be justified 
with ethylene dibromide (see p. 1522) and also with the other two compounds for, with these, 
the proportions of olefin formation in dry alcohol are negligible and ether formation can 
possibly be discounted. It is further assumed that the reactions satisfy the Arrhenius 
equation—this is at least justified for ethylene dibromide (see p. 1523). On the basis of the 
“ solvating theory ” the values of E should rise continuously with water addition and thus 
these results also contravert the theory. It would appear that, in outlining their general 
theory of solvent action, Hughes and Ingold have neglected to consider the factor P in the 
equation k = PZe*!/27, 

EXPERIMENTAL. 


Preparation of Materials.—as.-Tetrabromoethane. aaB-Tribromoethane (13 g.), dissolved 
in methylated spirits (100 c.c.), was rendered barely alkaline to phenolphthalein by 2N-aqueous 
sodium hydroxide, excess of which was neutralised by hydrochloric acid, and the liquid was 
poured into cold water (11.)._ A colourless oil (as.-dibromoethylene) settled out immediately. 
Bromine (3 c.c.) was added to the oil under the water, and instantaneous and vigorous union 
took place; yield 12 g.; b. p. 105°/15 mm. (Anschiitz, Annalen, 1883, 221, 140, gives b. p. 
103-5°/13-5 mm.) [Found: Br (Robertson), 92-8. Calc.: Br, 92-5%. Robertson’s method 
(J., 1915, 107, 902) is much preferable to Stepanow’s in estimating bromine in these compounds. 
Platinised asbestos must be used, and the complete analysis then takes only 14—2 hrs., instead 
of more than 20 hrs. required by Stepanow’s method. All other bromine estimations were 
performed in this way unless otherwise stated]. 

aaB-Tribromoethane. Vinyl bromide (Swarts, Bull. Acad. roy. Méd. Belg., 1901, 383) was 
passed into bromine covered with water, and the liquid of b. p. 79°/15 mm. collected (Anschiitz, 
loc. cit., p. 138, gives b. p. 73°/11-5 mm.) (Found: Br, 89-4. Calc.: Br, 89-9%). 

aaa-Tribromoethane. Wallach’s method (Aunalen, 1893, 275, 146) of preparing the required 
carbon tetrabromide was cumbersome and the yield low—only 10 g. from 5 c.c. of acetone. It 
was improved by adding acetone (5 c.c.) in small amounts and with vigorous shaking to bromine 
(30 c.c.) previously dissolved in approx. 2N-aqueous sodium hydroxide (11.); yield 20 g.; m. p. 
92° (Wallach, loc. cit., gives m. p. 92—93°). In dry ether carbon tetrabromide reacted violently 
with methylmagnesium iodide, giving mainly iodine, but with the corresponding bromide 
reaction was quieter, affording, however, dibromopropane, b. p. 75°/15 mm. [Found: Br 
(Robertson), 79-3; Br (Stepanow), 79-2. Calc. for C;H,Br,: Br, 79-2%. Calc. for C,H,Br;: 
Br, 89-9%]. The required tribromoethane was prepared by boiling a mixture of carbon tetra- 
bromide (20 g.), methyl iodide (12 g.), and dry ether (100 c.c.) under reflux over thin sodium wire 
(5 g.; 0-5 mm. diam.) for 60 hrs. The mixture was filtered, and the ether distilled off, a liquid 
(4 g.) of b. p. 52°/15 mm. being obtained (Found: Br, 90-2. Calc.: Br, 89-9%). Methyl 
bromide reacted similarly. Methyl acetate (1 c.c.) accelerated the action without increasing 
the yield. The vapour of a««-tribromoethane apparently has a peculiar and harmful effect on 
the sympathetic nervous system. 

Ethylidene bromide. This was prepared (see also Wibaut, Rec. trav. chim., 1931, 50, 316) 
by leaving a mixture of bromine (90 c.c.) and phosphorus trichloride (140 c.c.) over-night, then 
adding acetaldehyde (130 c.c.) slowly to the well-cooled solid till an almost colourless liquid 
was obtained. Finely powdered ice (300 c.c.) was added slowly through the condenser, and the 
pale golden heavy oil which separated was purified in the usual way, affording a colourless 
liquid, b. p. 26°/15 mm. (Found: Br, 84-7. Calc.: Br, 85-1%). The yield (50 g.) was greatly 
diminished by an initial distillation at ordinary pressures, which was accompanied by decom- 
position. Ethylidene bromide is very lachrymatory. 

Ethylene dibromide was material of b. p. 130°/760 mm. (Found: Br, 84:9. Calc. : 85-1%). 
Ethyl bromide was material of constant b. p. 
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Kinetic Experiments.—Since water affected the rate of elimination of bromine from these 
compounds, the ethyl alcohol used in all kinetic experiments was dried over and then distilled 
from lime, followed by refluxing and distillation over calcium. In each experiment, to 90 c.c. 
of a solution of the substance in ethy] alcohol, either anhydrous or containing a known percentage 
of water, were added 10 c.c. of either alcoholic or aqueous sodium hydroxide. The reaction was 
stopped by adding 10 c.c. of the liquid to about 50 c.c. of cold, carbon dioxide-free water. The 
resulting liquid was titrated with standard hydrochloric (phenolphthalein). In all the results 
given below and recorded subsequently, unless otherwise stated, a and b are the concentrations 
of sodium hydroxide and bromo-compound respectively in g.-mols./l.; ¢ is the time in mins. ; 
and the velocity constant is calculated for a bimolecular reaction from the equation : 


k = [2-303/t(a — b)) logy, b(a — x) /a(b — x) 


Titres throughout are expressed as c.c. of N/10-solution unless otherwise stated. The value of 
a was obtained by titrating 10 c.c. of a solution prepared by adding 10 c.c. of the sodium hydr- 
oxide used to 90 c.c. of ethyl alcohol (dry or wet). 
as.-Tetrabromoethane. The following are details of an experiment with this compound in 
dry alcohol at 25° : 
a = 0°2373; b = 0°0400; a — b = 0°1973. 
1 10 20 36 4800 


19°58 18°70 18-05 17°38 15-00 
193 155 145 134 — Mean157. 


Ward (J., 1930, 2146) has emphasised the difficulties involved in this method of examining 
the elimination of bromine from tribromoethylene. The present work is not concerned with the 
elimination of the second bromine atom from the molecule of this tetrabromoethane except 
in so far as the value of the velocity constant thus found (cf. Ward, who gives k = 186 x 10°) 
serves to establish the identity of the tribromoethylene. 

aaB-Tribromoethane. The bimolecular velocity constant for the rate of elimination of hydro- 
gen bromide from as.-dibromoethylene at 55° was 234 x 10. The competitive method at 20° 
Sives kaap.cyH,Br,/*,.c.H,0, = 1-3. 

aaa-Tvibromoethane, The kinetic results can best be interpreted by the following scheme : 

1 CH,-CBr, + OH’ = CH,-CBr,-OH + Br’ (slow) 

2 (a) CH,-CBr,(OH) + OH’ = CH,-CBr(OH), + Br’ (slow) 

(b) CH,-CBr(OH), = CH,-COBr + H,O (inst.) 

(c) CH,COBr + C,H,-OH = CH,-CO,C,H, + HBr _(inst.) 

(d) HBr + OH’ = H,O + Br’ (inst.) 

CH,-CO,C,H, -+ OH’ = CH,CO-O0’ + C,H,;-OH (slow) 
Stages 2(c), 2(d), and 3 were confirmed. Acetyl bromide of a concentration appropriate for the 
purposes of this investigation reacted instantly with ethyl alcohol as in 2(c); and even when 
sodium hydroxide (of a concentration used in the kinetic experiments) was present, the same 
rapid reaction occurred, but it was then followed by a slow removal of hydroxyl ions, presumably 
due to hydrolysis of the ethyl acetate. The velocity constants for stages 1 and 3 are calculated 
from the usual bimolecular equation (see above). In stage 2, two hydroxyl ions are removed 
for every molecule of tribromoethane originally present, and hence the velocity constant for this 
stage is calculated from the formula k = [4-605/t(a — 2b)] log,,b(a — x)/b(a — x/2) (see Taylor 
and Ward, Joc. cit.), where a, b, and ¢ have the same significance as before (above). Details 
of two experiments at 55° follow, one showing the full decomposition, and the other the bimole- 

cular nature of stage 1. 


Expt. 1. @ = 02508; b = 0-0450. Expt. 2. a@ = 01705; b = 0-0249. 
Titre. 10k. t. Titre. 104k. 
25-08 on 17-05 “ne 
21-27 166,000 15-39 163,100 
adits oeage 5. 14:80 163,900 


Stage 1 4 
“9 

18-58 12,310 4 14°61 181,300 
4 
9 
7 


Stage 2. 
1°75 
0°1900 
0°0371 


{ 
| 
Stage 3. | 70 11°56 


16°71 9,300 13°84 12,570 
10 14°40 8,210 12°66 10,140 
12°26 8,500 


150 11°15 
287 10°65 
360 10°50 
2865 6°68 


= 105°6 + 1°75 
= 107°35 
= 01134 
= 0°0426 
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The mean values at 55° are: k, = 16-4, k, = 0-886. Because the three stages represent 
consecutive reactions, allowance must be made for the concentration of hydroxyl ion removed, 
e.g., by stage 2 during the time that stage 1 is mainly operative. In Expt. 1, with k, = 16-4, 
the time for the removal of 1 equiv. of hydroxyl ion by reaction 1 alone is calculated to be 
1-75 mins. (¢, for stage 2). By extrapolation from the curve relating titre to time, the con- 
centration of sodium hydroxide at ¢ = 1-75 is 0-1900, but if stage 1 alone were operating the 
value at ¢ = 1-75 would be 0-2058. Hence, it has been assumed that the additional 0-0158 
g.-mol./l. of sodium hydroxide has been removed by reaction 2. Therefore at ¢ = 1-75, a = 
0:1900 and b = [CH,°CBr,°OH] = 0-0371, and these values have been used in calculating 
values of k,. The values of k, at 25° show a very big drift for the first } mol. of change, but then 
become fairly constant (cf. ethyl bromide and ethylidene bromide). This drift is not apparent 
at 55° because it had finished before the first reading could be taken. The mean value at 25° 
of k, is 2-70, from which the temperature coefficient (over 30°) is 6-07 and E = 11,670 cals. On 
the basis of the collision theory for chemical activation, k,;- (calc.) = 321-5 g.-mols./l./sec., 
whereas k,,. (obs.) = 0-045 g.-mol./l./sec., whence k (obs.)/k (calc.) = 1-4 x 10“. The value 
of k, for the hydrolysis of ethyl acetate under these conditions is low. 

Since the rate of elimination of bromine from this tribromoethane is very rapid but measur- 
able, an attempt was made to use the competitive method to determine the absolute value of the 
velocity constant for the standard substance s.-tetrachloroethane. However, at 20° in ethyl 
alcohol and in presence of a limited amount of sodium hydroxide, the amount of bromide ion 
formed is immeasurably small, i.e., chloride-ion formation is exactly equivalent to the amount 
of sodium hydroxide added. 

Ethylidene bromide. The kinetic results can best be interpreted by the scheme 


CH,‘CHBr, + OH’ —> CH,‘CHBr(OH) + Br’ —_ (slow) 
CH,-CHBr(OH) + OH’ —> CH,°CHO + H,O + Br’ (inst.) 


Values of the velocity constant have been calculated from: the modified bimolecular equation 
(see p. 1520). There follow details of a typical experiment at 55° : 


a = 0°2372; b = 0:0800; a — 2b = 0:0772. 
310 1230 1770 2790 4230 5580 7080 16,140 
20°56 15°89 14-64 12°98 11°30 10°40 9-60 8-07 
646 574 509 473 463 447 452 445 


The initial values of & at 55° varied with the initial concentration of sodium hydroxide as shown 
below : 

0-1 0°04 

762 957 


Almost identical results were obtained with potassium hydroxide. Variation in the concentr- 
ation of ethylidene bromide had no effect on the value of k. 

Table IV shows the effect of adding water to the alcohol, the concentration of sodium hydr- 
oxide in all cases being 0-24 + 0-015 g.-mol./l. To obtain comparable results, curves were 
drawn relating & to the proportion of ethylidene bromide reacting, and by extrapolation the 
values of k for 12-5% and 20% reaction of ethylidene bromide were obtained. 


TABLE IV. 


10° at 12°5% reaction. 105: at 20% reaction. Mean temp. 
H,O, % c A ~ c ms . coeff. (for 
by vol. 55°. 25°. 55°. 25°. 30°). E (cals.). 
0 705 12-1 660 11-1 58°65 26,340 
10 504 8°68 450 7°92 57°45 26,190 
25 273 5°17 255 4°67 53°70 25,770 
50 151 2-92 120 2°62 50°67 25,390 
90 116 -- 100 — — —_ 








On the collision theory for activation, in dry alcohol, k,,;. (calc.) = 5-36 x 10 g.-mol./I./sec. 
Now hs, (obs.) = 2-02 x 10-* g.-mol./l./sec., whence k (obs.)/k(calc.) = 377. 

Ethylene dibromide. The much smaller difference between values of k, and hk, (see Table I) 
for ethylene dibromide than for other members of Class R is possibly due to the fact that k, 
is decreased by the concurrent hydroxyl substitution mechanism whilst k, is increased by the 
operation of the same mechanism. The velocity constant is calculated from the usual bimole- 
cular equation (see p. 1520). Details of one experiment, using dry alcohol, at 55° follow : 
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( 0 
Stage 1. | zt 
83 





o- 


20°72 
12 19°63 
21°5 18°80 





0°4425 0:0929 
0°2000 0°2234 
0°1684 0°1045 





0°2089 0°1250 





[NaOEt]. 
0-2104 
0°1052 





Temp. a. 
° 0°2072 
= { 0°1146 


35 { 0°2146 






0-1023 


0-1146. 














Titre. 
25°52 
22-90 
21°79 
20°89 


Titre. k x 104. 


425 
448 


a. b. k (mean). 


118 
1-46 
1-50 


1-01 


b. 
0°0849 
0°1091 


b. 
0°1110 
0°2328 


0°1115 
0°2337 














100k. 
140 
144 
141 


t. 
31°5 
51 
72 


a. 
0°1159 
0°1000 
0-0500 


00418 


k (mean). 


0°986 
1-40 


k. 
0°0434 
0°0521 
0-138 
0°173 





a. b. 
0°1159 0°25 


concentration. 








k. 
1-59 


a. 
0°1159 

















to 
b 
a 





Stage 2. 


Titre. 
18°00 
16°98 
15°88 














20°5 
0°05 


0°2052 







a = 0:2072; b= 01111; a— 6 = 0°0961. 


b. 

30°0 

77 
1125 
2580 
5475 





k x 10. 


434 
431 
442 


k (mean). ; k (mean). 
1°61 00250 0°2482 2°22 
1-67 070125 0°2482 2°54 


(i) In dry ethyl alcohol at 55°. 
b. 

0°2500 
0°2482 
0°2482 
(ii) In aqueous alcohol (HzO = 10% by vol.) at 55°. 
0°1250 


1°89 


1-39 


In dry ethyl alcohol at 55°. 













[NaOEt]. 


0°0526 
001052 








Temp. 25°. 
101 
177 
280 


0:0015 
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@ = 0°2552; b = 0°0500. 





Titre. 
20°50 
20°43 
19°14 
17°87 
16-48 


In calculating values of k, it has been assumed that there was no elimination of hydroxy] ion 
by stage 2 until stage 1 was complete, i.e., until ¢ = 20-5, k, being assumed to be 142 x 10°. 
Values of &, at any temperature vary with the initial concentration of sodium hydroxide (or 
ethoxide) and of sodium bromide, but not of ethylene dibromide. 
On the other hand, & is remarkably constant in any one experiment, as the following example, 
using dry alcohol, shows. 


Water has a retarding effect. 


Titre. 
14°83 
12°88 
11°64 





The magnitude of the effect of varying the initial concentration of sodium hydroxide in dry and 
wet alcohol is illustrated below : 








0°00836 0°1250 


The corresponding effect with varying initial concentrations of sodium ethoxide is as below : 





0°1250 
0°1250 


The effect of varying the initial concentration of sodium hydroxide at different temperatures, 
in dry ethyl alcohol, was as follows : 














0-0100 






k (mean) 
1-77 
2°82 
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0°155 
0°148 
0°155 
0°168 



















k x 104. 
433 
439 
417 





























3°07 








1°88 























Temp. 
45° 


55 


0°227 





00 


f 
L 


In each experiment a = 0-1296, 6 = 








b. 
0°05 


k. 
1-62 


a. 
0°2370 
0°1320 
0°2000 
0°1000 


0°454 
0°875 





0°1159 


b. 
0°1892 
0°1805 
0°2234 
0°2482 


As sodium bromide is sparingly soluble in dry ethyl alcohol, the effect of its initial concen- 
tration was studied in 90% alcohol (by vol.) at 55°. 


0-681 
0-746 


That the velocity constant did not vary with different initial concentrations of ethylene di- 
bromide is shown by the following details of experiments in dry ethyl] alcohol at 55°. 


a 


Table V shows the retarding effect of water on the rate of diminution of hydroxyl-ion 


An experiment with sodium ethoxide in dry ethyl alcohol at 25° where [NaOEt] = 0-0526, 
b = 0-125, gave k,,. = 0-0520, from which the temperature coefficient (for 30°) is 34-02. Two 





0°0125 1-61 











k. 
0-416 
0°515 
1°46 
1°67 















k. 
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TABLE V. 
H,O, % by Mean temp. 

vol. a. Resse. a. Res- coeff. (30°). E (cals.). 

0 0°2000 1°46 0°2072 0°0434 33°66 23,750 
10 0°2089 1-01 0°2378 0°0365 27°67 21,480 
25 0°2317 0°452 0°2356 0:0235 19°23 19,130 
50 0°2317 0°252 0°2419 0°0124 20°30 19,470 
75 0°2517 0°123 0°2351 0°00566 21°77 19,940 
95 0°2325 0°0637 0°2394 0°00272 23°42 20,410 


experiments with potassium hydroxide in dry ethyl alcohol, details of which follow, give 32-64 
for the same coefficient. 


Temp. [KOH]. b. k. Temp. [KOH]. b. k. 
55° 0°1076 0-0849 1°84 25° 0°1094 0-0909 0°0565 


From the value of E (see Table V) for the action of sodium hydroxide in dry ethyl alcohol, assum- 
ing the collision theory for activation, k,,. (calc.) = 2-32 x 10° g.-mol./l./sec., but Ags. (obs.) = 
7-22 x 10“ g.-mol./l./sec.; whence k(obs.)/k(calc.) = 311 (cf. ethylidene bromide). 

Ethyl bromide. Grant and Hinshelwood (loc. cit.) made a detailed study of the kinetics of 
the reaction of this compound with ethyl-alcoholic potassium hydroxide. The reaction is 
bimolecular, addition of water up to 10% having only a small effect. The effect of water on the 
system containing sodium hydroxide is shown in Table VI. 


TABLE VI. 
H,0, % by Mean temp. 
vol. a. hess. a. Res. coeff. (30°). E (cals.). 


0°2050 0°0851 0°2130 0-00360 23°64 20,460 
0°2307 0-0780 0°2356 000370 21°81 19,950 
0°2317 0°0574 0°2441 0°00355 16°17 18,010 
0°2262 0:0339 0°2479 0-00301 11-26 15,660 
0-2309 0°0200 0°2429 0°00174 11°50 15,810 
0°2325 00146 0°2407 000121 12°10 16,130 


For purposes of comparison two experiments with potassium hydroxide in dry ethyl alcohol 
were performed, with the results shown : 


Temp. [KOH]. k. Temp. [KOH]. k. 
55° —i« 1184 0-0974 25° = O-1214 0-00406 


These figures give a temperature coefficient (for 30°) of 24-00, and the values of the velocity 
constant are rather lower than those obtained by Grant and Hinshelwood who, working with 
N/10-solutions, found for 59-75°, 50-12°, and 24-74°, k = 0-1986, 0-0810, and 0-004578 
respectively, whence the temperature coefficient (for 30°) is 25-30, and E = 21,000 cals. 

Examination of Reaction Products—From the kinetic results (p. 1520), tribromoethylene 
is formed mainly, if not wholly, from as.-tetrabromoethane; similarly, as.-dibromoethylene is 
the principal, if not the sole, product from ««$-tribromoethane, as shown by addition of bromine, 
which produced as.-tetrabromoethane (p. 1519). 

Estimation of the proportion of olefin formation from the other compounds of this series. In 
estimating olefin in these systems, by addition of halogen, there are two main difficulties, viz., 
the presence of alcohol, which reacts readily with halogen, and the inhibitory effect of the sub- 
stituent bromine in the olefin compound on the addition of halogen. The method finally 
adopted was to add a known amount of ethyl-alcoholic sodium hydroxide to a fairly large excess 
of an alcoholic solution (10 c.c.) of the substance under investigation. This was done to avoid 
possible acetylene compound formation. The mixture was then maintained at 55° for a longer 
time than had been found necessary (kinetic experiments) to complete the reaction. Carbon 
tetrachloride (10 c.c.) was added in such a way that no vapours could be lost, the resulting 
liquid was washed with water (150 c.c.) to remove alcohol, and the tetrachloride layer run off 
into a stoppered bottle containing an appropriate amount of Wijs’s solution, which gave more 
consistent results than standard bromine. The remaining aqueous liquid was extracted with two 
successive amounts of carbon tetrachloride (5 c.c.), which were also run into the Wijs’s solution. 
The bottle was placed in the dark for 7—8 days, water (400 c.c.) added, and the liquid titrated 
with standard thiosulphate. A blank experiment upon ethyl alcohol alone (10 c.c.) was per- 
formed under exactly the same conditions. The percentage of olefin formation is given in Table 
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II. It is necessary to indicate, however, that if the olefin formed is sufficiently reactive and if 
there are suitable molecular species present in the system addition may occur. In these cir- 
cumstances the analytical results obtained by the above procedure will lead to faulty conclusions 
as to the percentage of olefin formed initially. With bromo-ethylenes as products and in systems 
such as those obtaining in this investigation, addition is unlikely and the results given in Table 
II are therefore probably reliable. 

The case of ethylidene bromide requires further discussion because almost exactly 50% of 
olefin is formed, according to this method of examination. By using precisely the same method 
of extraction of the reaction products as above, but by adding them to potassium bisulphite 
solution, followed by back-titration with standard iodine, it was found that 1 mol. of acetalde- 
hyde is produced, so the apparent 50% of olefin is really 100% of acetaldehyde. The result 
shows that the two bromine atoms of ethylidene bromide are eliminated simultaneously, for 
otherwise the equivalent of acetaldehyde would not be formed under the experimental conditions, 
i.e., with a large excess of the bromoethane present. This confirms the scheme given on p. 1516. 
No acetylene could be detected in these experiments (ammoniacal cuprous chloride), although 
a trace is formed when sodium hydroxide is present in excess. 

Further examination of the reaction products from axa-tribromoethane and ethylene dibromide. 
The reaction liquid from an experiment with aa«-tribromoethane was evaporated to dryness. 
The hygroscopic solid residue contained sodium acetate (cacodyl oxide test). By titration with 
silver nitrate, the proportion of sodium bromide was found to be in moderate agreement with that 
required for the formation of 3NaBr + CH,°CO,Na. 

The olefinic product of the reaction with ethylene dibromide was vinyl bromide, as shown in a 
separate experiment by distillation of the residual alcoholic liquid into bromine-water, a«{-tri- 
bromoethane separating as a heavy oil, b. p. 186°/760 mm. (Found: Br, 90-1. Calc. : 89-9%). 
Glycol formation was estimated in dry and in wet alcohol by keeping excess sodium hydroxide and a 
known amount of ethylene dibromide at 55° for sufficient time for the complete destruction of 
this compound. The volatile substances (acetylene and alcohol) were distilled off, concentrated 
nitric acid added, and the liquid evaporated on a water-bath to 3—5 c.c. The oxalic acid 
formed was precipitated as barium oxalate, which was treated with sulphuric acid and titrated 
with potassium permanganate. The percentage of glycol varied from 18-2 (0% water) to 18-8 
(40% water), showing that the reaction in dry and in wet alcohol followed essentially the same 


course. 
SUMMARY. 


1. The kinetics of the interactions of ethyl-alcoholic sodium hydroxide with as.-tetra- 
bromoethane, the two tribromoethanes, and the two dibromoethanes have been investig- 
ated, completing the series of the nine bromoethanes. The reactions, where of a measur- 
able rate, are bimolecular. 

2. A clear distinction between reactions involving hydroxyl substitution of bromine by 
Ingold’s mechanism S,2, and those involving complete or almost complete olefin formation 
is revealed. In hydroxyl substitution, several bromine atoms are displaced either simul- 
taneously, or else consecutively at rates which are of a similar order of magnitude. In 
olefin formation, one bromine atom is displaced instantaneously (or almost so) and then a 
second one relatively very slowly. 

3. A mechanism for olefin formation has been outlined involving a primary mutual 
attraction of hydroxyl ion and an initially positively charged hydrogen atom, followed 
by simultaneous extension of the C,,—H link and a C,)—Br link, finally resulting in the 
simultaneous rupture of the two links and the formation of olefin, water, and bromide ion. 
On the basis of this theory the rate of olefin formation is proportional to (a) the initial 
polarisation of €,,—H and () the polarisability of C.,—X, where X is an electrophilic atom 
(or radical). 

4. Results showing the retarding effect of addition of water on both types of reaction 
are given, and the “‘ solvating theory ”’ of solvent action (Hughes and Ingold) is shown to be 


untenable for reactions of type Sx2. 
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362. Aliphatic Substitution and the Walden Inversion. Part I. 
By E. D. Hucues, F. JULIUSBURGER, S. MASTERMAN, B. TopLey, and J. WEIss. 


In most of the numerous theories proposed in explanation of the Walden inversion, it is 
assumed that inversion takes place when the entrant group attaches itself to the side of the 
asymmetric carbon atom opposite that occupied by the group to be expelled (Werner, Ber., 
1911, 44, 873; Annalen, 1912, 386,70; Lowry, Conseil de Chimie Solvay, 1925, 40; Meisen- 
heimer, Annalen, 1927, 456, 126; and others). The racemisation of organic halides by 
halogen ions was explained by Holmberg (J. pr. Chem., 1913, 88, 580) as caused by sub- 
stitution accompanied by inversion. These views have recently been given a more 
detailed physical foundation by Polanyi and by Olsen (Meer and Polanyi, Z. phystkal. 
Chem., 1932, B, 19, 164; Bergmann, Polanyi, and Szabo, ibid., 1933, B, 20, 161; Olson, 
J. Chem. Physics, 1933, 1, 418; Olson and Long, J. Amer. Chem. Soc., 1934, 56, 1294). The 
main conclusion is that the negative ion approaches the carbon—-halogen dipole at its positive 
end, a process leading to an inverted product, or if the reaction is reversible, as in the special 
case of substitution by like ions, to an ultimately racemic product. 

Olson and Long (oc. cit.), from an analysis of their data for the set of simultaneous and 
consecutive reactions occurring when /-bromosuccinic acid and chloride ion interact, have 
concluded that in these reactions replacement of one halogen by the other does not take 
place without inversion. 

A very direct experimental test of the hypothesis that stereochemical inversion occurs 
when, and only when, substitution takes place, is possible by means of a radioactive halogen 
isotope. It is only necessary to compare the velocity of halogen interchange between a 
suitable organic halide and the corresponding isotopic halogen ion with the speed of 
racemisation of the optically active molecule under identical conditions. The racemisation 
has, in principle, the advantage over an actual inversion, that it is not necessary to know the 
relationship between sign of rotation and configuration, or the actual rotatory power of the 
pure isomeride. We have therefore studied (a) the interchange reaction of dl-sec.-octyl 
iodide with sodium iodide in acetone solution, and (5) the racemisation of the d-iodide. 

Measurement of the interchange reaction is possible by means of the radioactive isotope 
of iodine. Sodium iodide containing a small proportion of the isotopic iodide ion (distin- 
guished by an asterisk) is prepared by neutron bombardment. The extent of the sub- 
stitution reaction RI + Nal* — RI* + Nal is determined at the end of a period of 
reaction by measuring the relative intensities of radioactivity of the RI* produced and of 
the NaI* remaining. 

The total amounts of organic iodide and of sodium iodide remain constant during the 
reaction, and so therefore do the state of ionisation of the sodium iodide and all ‘‘ medium 
effects.” | Without restricting ourselves to any special mechanism of the chemical reaction, 
we can formulate a comparison by experiment of the rates of (a) and (5) on the following 
statistical basis. 

In a particular solution, after a period of reaction ¢ secs., the composition is specified by 
the following number of mols. of each solute species: RI* = x; RI = A —x; Nal* = 
Bp — x; NaI = B(l— 8) + %; d-RI= A8—y; LRI=A(1—8)+ yy. Here A is the 
total amount of organic iodide, B that of sodium iodide, 8 is the fraction of organic iodide in 
the d-form, and 8 the fraction of sodium iodide in the isotopic form, all at ¢ = 0 when also 


+ There are, of course, small energy changes during the reaction arising in (a) from the zero-point 
energy difference of the isotopic molecules, and in (b) from the collisions of two d-RI molecules. The 
effect of the first of these upon the reaction rate is certainly infinitesimal. The effect of the second 
could not be appreciable unless the intermediate activated state for substitution involved a collision 
complex containing more than one molecule of RI, which is improbable; in any case the constancy of 
the first-order velocity constants through each polarimeter experiment shows that no detectable effect 
arises from the different potential energy surfaces of pairs of RI molecules, of similar or of dissimilar 
configuration, in collision. It follows that it is legitimate to compare the isotope exchange in the 
racemic solution with the racemisation of the optically active solution. 
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x = y=. The symbols RI and RI* without prefix stand for organic iodide or isotopic 


iodide molecules irrespective of d- or /-configuration. 
In the solution considered, let N, be the total rate of the substitution reaction (the 


four types which occur simultaneously being added), and N, the total rate of stereochemical 
inversion, in both directions, in the units mols./sec. N, and N; are constant rates. 
For the exchange reaction, we have 
dx x (At *)| 
5 Nell — pe De ioe welch + eee Bb. ee 
which follows, after algebraic simplification, by multiplying the total number of mols. react- 
ing by the probability that any unit act of substitution chosen at random will be of the type 
RI —~> RI*, and subtracting the corresponding product for the type RI* —> RI. 
Integration of (1) gives 
es 2) 
°~ 7 A+B A —x(A + B)/BG *iorfto Am 
Experimentally the quantity x/B8 is measured by the ratio y of the activity (7.e., the atoms 
disintegrating per mol. in unit time) of the organic iodide to that of the sodium iodide. We 





have 
s/BB=ylly+B/A) . .... . . . (9) 
and by substitution of (3) into (2) 
_ i 428 1+ yA/B 
Ns= 7°44 B 8 l-y . ° ° ° ° ° ° (4) 


For the inversion we have, by analogous consideration of the probabilities of a unit act 
of inversion being in the direction d-RI —-> /-RI or the reverse : 


dy|dt = N,.2(8—3)—y/A4}. . . ~~. . . & 


Since the angle of rotation « is proportional to the quantity {(8 — 4+) — y/A}, integration 
of (5) and substitution of «) and « gives 


N, = (A/2B) log, g@efe ww wt te le fH) 


A decision whether substitution and inversion are the same process can be reached by 
determining N, and N; from measurements of « and y in solutions of the same concentration 
of total organic iodide and total sodium iodide. 


EXPERIMENTAL. 


(a) The Exchange Reaction (F. Juliusburger, B. Topley, and J. Weiss).—The sodium iodide, 
dl-sec.-octyl iodide, and acetone were prepared and purified as described under (b) below. 
Weighed quantities of sodium iodide were sealed up in glass tubes and sunk in a large paraffin 
block close to a radon—beryllium neutron source of about 150 millicuries strength. The activated 
sodium iodide was dissolved in a known volume of acetone kept at 30°, and a measured volume 
of the racemic iodide added. The reaction was stopped after a suitable interval by addition of 
water and crushed ice. The racemic iodide was extracted from the resulting emulsion by shaking 
with carbon tetrachloride, and the aqueous solution of sodium iodide separated from the heavy 
layer. The aqueous solution was washed once with carbon tetrachloride to remove residual 
traces of racemic iodide, and the carbon tetrachloride solution three times with ice-cold distilled 
water to remove traces of sodium iodide. The iodine was precipitated as silver iodide from both 
solutions (in the case of the carbon tetrachloride solution, by means of boiling alcoholic silver 
nitrate followed by heating with aqueous silver nitrate). It was not necessary that the precipit- 
ation should be quantitatively complete. The physical condition of the silver iodide from the 
organic iodide differs from that of the precipitate from the aqueous solution, even after it has 
been washed with alcohol and ether and dried in an oven at 200°; but by heating nearly to the 
m.p. and grinding the sintered product in an agate mortar, the two specimens can be reduced to 
the same physical form in about 10 mins. For the comparative measurements of their radio- 
activities, this precaution is essential. 
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The activities of standard samples of the two silver iodide precipitates were determined with a 
Geiger—Miiller counter, operating a telephone counter via a two-stage amplifier and thyratron 
set up in the usual form of circuit. The construction of the discharge chamber used is shown 
in Fig. 1 (a). A piece of seamless aluminium tubing is turned down for a length of 40 mm. in the 
middle to a wall thickness of 0-1 mm., and polished internally. Two ebonite stoppers fit closely 
into the ends; their purpose is clear from the diagram. A smooth tungsten wire 0-040 mm. in 
diameter is soldered on to a brass screw at its lower end. It is stretched between the stoppers 
and held by a highly insulating wax (rosin and beeswax). The same wax makes the cylinder 
gas-tight. The wax is shown by dotted shading, and the ebonite parts by line shading. The 
discharge chamber is dried out by evacuation over-night, and filled with dry air at about 80 mm. 
pressure of mercury. Electrical contact with the cylinder is made through a brass ring round the 
lower section of the aluminium tube; the ring also acts as the support for the container of the 
active material. 

It is necessary to expose the discharge chamber to the active material in a geometrically 
reproducible manner. The arrangement used to ensure 
this is shown in section in Fig. 1 (b). The container for the 
silver iodide consists of an outer tube of soda-glass and an 
inner cylinder of thin cellophane, separated by a brass ring. 

The silver iodide, after the treatment described above, 
was poured into the annular space of the container, and 
packed down by means of a closely fitting brass plunger of 
semicircular section. The uniformity of the “ packing” 
was checked several times by weighing the silver iodide 
filling the container up to a measured height, and found to 
be satisfactory. For comparison of the activity, the con- 
tainers were filled as nearly as possible up to the same 
height; the deviations were kept below + 10% and were 
allowed for by assuming proportionality between height and 
the number of pulses per minute in the counter; this was 
found by special tests to be justified. The number of pulses 
recorded was corrected for the background measured with 
the empty container round the discharge chamber, and, by 
the usual quadratic formula, for the proportion of coinci- 
dent impulses. The electrical steadiness of the counter 
was checked from time to time during the measurements 
by a standard consisting of one of the containers filled with 


stopper 


Tungsten 
Filament 





Cellophane 
cylinder 


Glass 
tubing 


(8) 














potassium chloride; the sensitivity of the counter was 
usually such that the radioactivity of this salt gave 170 
impulses per min. The activities of the two silver iodide 
preparations were measured one after the other, and 
reduced to the same time by means of the known half-life 
period of radio-iodine (24 mins.). The ratio y of these 


Brass 


ring: 


(a) Geiger—Miiller counter discharge 
chamber. 

(b) Cylindrical container for vadio- 
active substances. 


activities is also the ratio of the molar activities of the organic iodide and sodium iodide at the 


end of the period of reaction. 


The details of the five experiments at 30-0° are given in Table I (the results of Expt. 5, at 
30-9°, have been corrected to 30:0° by means of the temperature coefficient given in the next 


section). 
given in col. 4 are calculated by equation (4). 


TABLE I. 


N, x 105. Expt. 
3-20 4 
3°82 5 
2°47 


Expt. Temp. B. 
30°0° 0°1706 
se 0°2053 
- 0°1634 


The concentration A of RI was in each experiment 0-1377M. The reaction rates N, 
B is the molar concentration of sodium iodide. 


N, X 105, 
3°49 
(3°74) 
3°43 


Temp. B. 
30°0° 01889 
(30-9) 0°1668 
30°0 ” 


(b) The Racemisation (E. D. Hughes and S. Masterman).—The rate of racemisation of d-sec.- 
octyl iodide has not hitherto been measured, but the analogous reactions of d-sec.-amyl iodide 
and d-sec.-butyl iodide with sodium iodide in acetone solution have been studied by Bergmann, 


Polanyi, and Szabo (loc. cit.). 


racemisation, the reaction is reduced to one of the first order. 


Since the sodium iodide concentration does not change during the 


These authors found that the 
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first-order constants increase with the sodium iodide concentration, but rather less than linearly, 
and our results confirm this. For comparison with other data on similar reactions, we have made 
measurements at four different temperatures, and have recorded the results (Table II) as second- 
order velocity constants calculated from the expression k = 2-303/2Bt . logy, «%)/a«, where a and 
« are respectively the rotations initially and after ¢ secs.’ reaction. 


TABLE II. 


Expt. Temp. B. k x 108. Expt. Temp. B. k x 10°. 
6 10°0° 0-163 0-152 8 29°85° 0-182 1°26 
7 19°85 0°163 0°454 9 39°80 0161 3°21 


The plot of log k against 1/T is a straight line, giving log, k = 22-84 — 17,800/RT. Com- 
parison of these results with those of Bergmann, Polanyi, and Szabo under similar conditions 
gives the approximate relative rates : sec.-amyl : sec.-octyl : sec.-butyl (iodides) = 1-1: 1-0: 1-15. 
The direction of such small velocity differences need not be discussed here, but it may be noted 
that the close agreement accords with the general principle that alkyl substitution has a negligible 
effect when the substituent is removed by three or more carbon atoms from the seat of the 
reaction. 

Preparation of sec.-Octyl Iodides.—+-sec.-Octy] alcohol was saturated with dry hydrogen iodide 
at 0° and kept at this temperature for 15 hrs. The product, which had separated into two layers, 
was extracted with ether, washed successively with water, dilute sodium bicarbonate, sodium 
bisulphite, and water, dried over anhydrous sodium sulphate, and distilled. Two fractions were 
collected: (1) b.p. 77—94°/16 mm., (2) b.p. 94—95°/16 mm. Fraction (1), which contained 
unchanged alcohol, was again saturated with hydrogen iodide and treated as above. The com- 
bined iodide fractions were redistilled before use; b.p. 95°/16 mm.; yield 65%. 

d-sec.-Octyl iodide was prepared from /-sec.-octyl alcohol (‘‘ Organic Syntheses,’’ Vol. 6, 
p. 68) as described above (compare Pickard and Kenyon, J., 1911, 99, 45). The alcohol used 
had [«]?!" — 8-8°; the iodide obtained had [a]? + 38-5°. 

Purification of Materials—Acetone was purified as described by Conant and Kirner (/. 
Amer. Chem. Soc., 1924, 46, 246). Sodium iodide was recrystallised and dried. 


TABLE III. 


Expt. 6. 10°0°. Expt. 7. 19°85°. Expt. 8. 29°85°. 
A = 0118; B = 0°163. A = 0:0897; B = 0°163. A = 0°0764; B = 0°182. 
t. N, x 108. t. a WN, x 106. t. a N, x 105 
0 aoe 0 180° ote 0 148° — 
633 2-79 345 = 1-71 6-67 248 8 =-_:132 1:76 
1523 2°89 702 = «162 6°73 620 = Ill 1-77 
1945 2-95 1368 1°47 6-64 925 0-99 1-64 
2718 3-05 2071 1°32 6-68 1553072 1:77 
4214 2-89 2904 =119 6-39 2093 0°57 1-74 
5378 2°97 4824 0-87 6°74 2721 0°42 1-77 
7163 2-93 6344 0-69 6-77 3227 034 1-74 
9231 2°83 7564 0°59 6-60 5360 «=: O12 1:80 
13332 3-05 9794 0-42 6-65 Average 116 


Average 2°93 Average 6°65 


Expt. 9. 39°8°. Expt. 10. 29°6°. Expt. 11. 29°5°. 
A = 0130; B = 0161. A = 0-0819; B = 0-102. A = 00790; B = 0106. 
t. a. Ni X 10°. t. a. N; X 105. t. a. N; X 105. 
0 141° ea 0 188° sais 0 161° ion 
299 «1-05 6-41 357 «1-70 1-16 278 «140 1-08 
421 0-89 7-07 835 1-48 1-17 583 «128 1-12 
549 «080 6-71 1211 «1-33 1-17 762 = 1-21 1-14 
747 065 73 1692-117 1-14 1018 «112 1-17 
872 0-56 6-87 2129 «1-08 1-16 1443 099 1-14 
1072 0-46 6-79 2634 «0-90 1-15 1806 090 1-13 
1186 0-41 6-75 3006 0-80 1-15 2490 0-73 1-14 
1436 0-031 6-85 3657 «0°67 1-16 3403 0°52 1-15 
4565 0°62 1-16 4866 35 : 
ae oN 5250 0°43 1-16 5383 «0-32 1-13 
6334 0-32 1-15 6412 0-24 1-13 
9055 0-15 1-15 7987 0-15 1-03 
Average 1°16 Average 1°13 


° 
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Method.—Weighed quantities of the reagents were dissolved separately in acetone, and the 
solutions made up to volume at the temperature of the experiment. Equal volumes were then 
mixed, and the mixture introduced quickly into a jacketed 2-dm. polarimeter tube of the usual 
type maintained within + 0-05° of the working temperature. 

In Table III, Nj; is the total rate of inversion (in mols./l./sec.) calculated by means of 
equation (6). 

DISCUSSION. 


The concentrations actually used in the exchange measurements were not quite the 
same as those in the racemisation measurements, and before collation of the absolute rates 
they have to be put upon a common basis. The assumption that the reaction is of the first 
order with respect to the octyl iodide and that no “ medium effect ” need be allowed for at 
the small mol.-fraction of octyl iodide (< 0-01) presents no difficulty. The work of Berg- 
mann, Polanyi, and Szabo (loc. cit.) shows that the rate increases with sodium iodide con- 
centration less rapidly than with the first power; and since the absolute rates in their 
measurements and ours are almost identical, we can safely assume the same dependence upon 
sodium iodide concentration. The data in their paper are amplified by Szabo (Diss., Berlin, 
1933) ; and we find that the results for sec.-butyl iodide at 30-0° are correctly reproduced in 
the range of sodium iodide concentration 0-1—0-3M by the expression k = k’{B/0-16}°78, 
where & is the first-order constant for a concentration B of sodium iodide, and ’ is the 
constant for B = 0-1600. 

In Table IV, the relevant experimental data for 30-0° are collected; both N, and N;, 
have been reduced by the above expression to a sodium iodide concentration of 0-1600M. 
Also the values of NV have been reduced to the sec.-octyl iodide concentration used in all the 
substitution experiments, viz., 0-1377M. The fractions of a degree by which the experi- 
mental temperatures differed from 30-00° have been allowed for by means of the measured 
temperature coefficient. 

TABLE IV. 
N, X 105. Ni X 105. 
Expt. i 2. 3. 4. 5. 10. 11. 8. 
3°04 3°15 2°43 3°06 3°32 2°88 2°86 2°89 
Average N, = 3°00 + 0°25 Average N; = 2°88 + 0°03 


The absolute rates N, and N, agree to within 4%, which is within the experimental 
uncertainty of the measurements with the radioactive indicator. It follows as a necessary 
conclusion that in this reaction the inversion is directly caused by the substitution. 


SUMMARY. 


By means of the radioactive isotope of iodine, the velocity in acetone solution of the 
substitution of iodine for iodine in sec.-octyl iodide has been measured, and also the velocity 
of racemisation of d-sec.-octyl iodide by sodium iodide under similar conditions. The 
absolute rates of the two processes are the same within the experimental error of the 
measurements of the radioactivity (10%). The result confirms in the most direct way 
possible the causal connexion between aliphatic substitution and optical inversion, in 
reactions of this type. 


We are indebted to the Radium Institute and to Dr. Alton for making available to us a supply 
of radium emanation. These experiments were made possible by the active co-operation and 
interest of Professor F. G. Donann, F.R.S., Professor C. K. Ingold, F.R.S., and Professor S. 
Sugden, F.R.S., to whom we are grateful. 


UNIVERSITY COLLEGE, LONDON. [Received, September 9th, 1935.) 
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363. Experiments on the Synthesis of Substances Related to the Sterols. 
Part VI. 


By RoBERT ROBINSON and JAMES WALKER. 


THIS communication deals with exploratory work of a somewhat varied nature on the con- 
struction of molecular species required as intermediates or models for syntheses in the sterol 
(sex-hormone) group. 

Continuation of the work described in Part V (this vol., p. 1414) was abandoned when it 
was found that the condensation of #-methoxyphenylsuccinic anhydride with veratrole was 
by no means so smooth a process as that of phenylsuccinic anhydride. We then considered 
applications of the Diels—Alder reaction * and, in view of the fact that as.-diphenylethylene 
(but not styrene) reacts as a conjugated diene with maleic anhydride (Wagner-Jauregg, 
Annalen, 1931, 491, 1), studied the interaction of «-vinylnaphthalene and maleic anhydride 
—no addition occurred. It was then proposed to study*the reactions of the conjugated 
vinyldihydronaphthalene (similar experiments have recently been described by Cohen, 
this vol., p. 429). The Bouveault-Blanc reduction of ethyl 3.: 4-dihydro-l-naphthyl 
acetate (v. Braun, Gruber, and Kirschbaum, Ber., 1922, 55, 3672; cf. Schroeter, Zadek, 
and Hoffmann, Ber., 1925, 58, 713) afforded, however, 8-tetrahydro-1-naphthylethyl alcohol 
(I), and vinyldihydronaphthalene could not be obtained in this way. 

CO,Me 


CH,-CH,OH CH, CMe-CO,Me CH, CMe 


ngfo Yo, oa 
Be OO” 


(II.) (III.) 


The ester (II) was synthesised for dehydration to (III) [from which (IV) might be accessible 
and thence the angle-methyl ketone group of cestrone by successive pinacol and pinacolin 
formation], but this could not be accomplished. An interesting parallel is the failure of 
Dobson, Ferns, and Perkin (J., 1909, 95, 2017) to remove the elements of hydrogen chloride 
from (V), even on boiling with diethylaniline (compare, however, the following com- 
munication). 


CH, COMe 


so CO,Et 
H, to tH, ya a, Y 
HCl CH, Cy vad »: C eb: Et 


CH,—CH, 
, Nf, 
(V.) (VI.) (VII.) 


Alkylation of ethyl cyclopentanonecarboxylate by means of methyl sulphate affords some 
O-methyl ether. The formation of a Grignard reagent from $-naphthylethyl chloride, 
as from the bromide (Harper, Kon, and Ruzicka, J., 1934, 127), involves the production 
of dinaphthylbutane as a by-product. This is not mentioned by Cook and Hewett, who 
employed naphthylmagnesium chloride (J., 1933, 1107), but in our case it rendered the 
purification of (II) a matter of great difficulty. 

In connexion with our scheme for the use of the pinacol—pinacolin rearrangement as 
a stage in an cestrone synthesis, we have attempted to exploit condensation reactions 
of 2-formylcyclohexanone. When this substance was converted into crude methoxymethy]- 


* Dr. A. R. Todd made some early experiments in this direction in collaboration with one of us. 
For example, he found that methyl-A!-cyc/ohexen-3-one would not form an adduct with butadiene or 
with hexatriene. The latter experiment represented a somewhat ambitious attempt to build up a 
reduced chrysene skeleton with two angle-methyl groups in one operation. 
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enecyclohexanone and condensed with ethyl sodioacetoacetate, an intermediate (probably 
VI) was formed in poor yield. On further treatment with boiling alcoholic sodium ethoxide, 
condensation and hydrolysis occurred and 6-hydroxytetralin-7-carboxylic acid (VII) was 
obtained. The acid has been previously prepared from 6-hydroxytetralin by means of the 
Kolbe reaction (Schroeter, Annalen, 1922, 426, 147; D.R.-P., 357,663). In view of the 
theories of Mills and Nixon (J., 1930, 2510), the orientation of the substitution in this case 
must be regarded as exceptional, but the present synthesis confirms the structure put 
forward by Schroeter. 

The aromatic nucleus of 2-methylchroman (Baker and Walker, this vol., p. 646) could 
not be reduced catalytically, and other possible avenues of approach to the desired 1 : 5- 
diketones of the cyclohexane series are being explored. 


EXPERIMENTAL. 


8-Tetrahydro-\-naphthylethyl Alcohol_—Ethyl] 3 : 4-dihydro-l-naphthylacetate has been 
obtained in improved yields. Zinc filings (23 g.) were added to a mixture of ethyl bromoacetate 
(40 c.c.), a-tetralone (45 c.c.), and dry benzene (240 c.c.). Eventually there were isolated 
43 g., b. p. 170—175°/13 mm.; xj 1-5592 (v. Braun, Gruber, and Kirschbaum cite a 50% yield, 
b. p. 183—184°/16 mm.). The condensation of «-tetralone with ethyl cyanoacetate or with 
cyanoacetic acid could not be effected under any of the standard conditions. 

A solution of ethyl dihydronaphthylacetate (37 g.) in anhydrous alcohol (150 c.c.) was added 
as quickly as possible to sodium (25 g.) in a flask heated in an oil-bath at 160°. Solution of the 
sodium was completed by the addition of alcohol, aqueous alcohol and water, and after removal 
of the alcohol in steam the product was collected (24 g.) by means of ether. The colourless 
oil (20 g. or 68%), b. p. 158—160°/11 mm., solidified on cooling, but could not be crystallised 
(Found: C, 81-4; H, 8-9. C,,H,,O requires C, 81-8; H, 9-1%). 

Methyl 2-B-1’-Naphthylethyl-1-methylcyclopentan-2-ol-1-carboxylate (II).—(a) The preparation 
of 8-1-naphthylethyl alcohol (Ruzicka, Ehmann, Goldberg, and Hosli, Helv. Chim. Acta, 1933, 
16, 833; Haworth and Mavin, J., 1933, 1014; Cook and Hewett, ibid., p. 1107) has been 
improved. 1-Bromonaphthalene (200 g., b. p. 144—145°/18 mm., free from naphthalene and tri- 
bromonaphthalene) was used for the preparation of a Grignard solution (24 g. of magnesium, 
400 c.c. of dry ether, and 400 c.c. of benzene) in an apparatus provided with a mercury-sealed 
stirrer. Ethylene oxide (50 g.), dissolved in ether (200 c.c.), was introduced at — 10° and the 
product was isolated after 12 hours; b. p. 176—180°/15 mm. (124 g. or 75%). 

(b) A mixture of the alcohol (124 g.), hydrobromic acid (160 c. c. of constant b. p.), and sul- 
phuric acid (50 c.c.) was refluxed for 16 hours. The product (142 g.) had b. p. 174—178°/11 
mm., ni*® 1-6422. In the preparation of the chloride, the details given by Cook and Hewett 
(loc. cit.) were followed, but chloroform was used as diluent. 

(c) The ethyl esterification of adipic acid by the method of van Rysselberge (Bull. Acad. 
voy. Belg., 1926, 12, 171) works well on a 300 g. scale; b. p. 124°/11 mm., n}” 1-4277 (yield, 
92%), and the details given by this author for the preparation of ethyl cyclopentanonecarboxylate 
were followed except that the treatment with cold aqueous potassium hydroxide was found 
to be unnecessary (yield, 75%; lit., 66—68%). 

(d) Methylation of ethyl cyclopentanonecarboxylate by the method of Cornubert and Borrel 
(Bull. Soc. chim., 1930, 47, 304) was found to be quite unreliable, as rupture of the cyclopentane 
ting occurred to a large extent (cf. also Kon, J., 1933, 1085). The following method gave 
satisfactory results. Sodium (23 g.) was powdered under toluene, and dry benzene (100 c.c.) 
added, To the cold suspension, a solution of ethyl cyclopentanonecarboxylate (156 g.) in dry 
benzene (200 c.c.) was carefully added, and the mixture refluxed for 1-5—2 hours. The solid 
part of the cooled product was broken up, methyl iodide (94 c.c.) added, and the mixture 
kept at room temperature until the reaction was completed. On working up, a colourless oil 
(126 g. or 74%), b. p. 105—106°/14 mm., n}® 1-4479, was isolated. 

(e) Owing to the large amounts of ethyl methylcyclopentanonecarboxylate required, an 
attempt was made to effect an economy by using methyl sulphate in place of methyl iodide. 
Ethyl cyclopentanonecarboxylate (30 g.) was converted into the sodio-derivative as described 
above (4-4 g. of sodium) ; when the reaction was complete, methyl sulphate (20 c.c.) was added, 
and the mixture maintained at 100° for 5 hours. The product, worked up as usual, was a colour- 
less oil (21 g.), b. p. 104—105°/14 mm., n}” 1-4565. 

The methyl-alcoholic solution decolorised bromine instantly, and estimation of alkoxyl 
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content (kindly carried out by Mr. J. D. Rose), allowing for the ester group, indicated O-methyl- 
ation to the extent of 27:3%. 

(f) Thecondensation of §-1-naphthylethyl bromide with ethyl methylcyclopentanonecarboxyl- 
ate was repeated several times with consistent results. To the cooled solution of a Grignard 
reagent prepared from naphthylethyl bromide (100 g.) (the chloride also was used with 
similar results), magnesium (10 g.), and dry ether (600 c.c.), a solution of ethyl methylceyclo- 
pentanonecarboxylate (73 g.) in dry ether (100 c.c.) was added with stirring, and the mixture 
kept for 17 hours. The product was isolated in the normal way after addition of ammonium 
chloride solution; a somewhat viscous oil (72 g.), b. p. 175—230°/0-4 mm., ni 1-5470, was ob- 
tained. Further fractionation gave (I) 175°/0-5 mm. (8-5 g.), (II) 175—200°/0-5 mm. (14:3 g.), 
(III) 200—220°/0-5 mm. (mainly 210—215°/0-5 mm.) (31-5 g.), (IV) 220—230°/0-4 mm. 
(10-8 g.). 

Fraction (II) gave analytical figures which showed it to consist of an impure condensation 
product of the keto-ester itself (Found: C, 70-9; H, 7-6%). Fraction (III) gave analytical 
figures approximating to the theoretical for the required product (Found, in samples from two 
different preparations: C, 76-1, 76-2; H, 8-0, 7-6. C,,H,,0O, requires C, 77-3; H, 8-0%). 
Fraction (IV) partly crystallised when kept in the ice-chest, but inoculation of fraction (III) 
with fraction (IV) did not induce crystallisation. Fraction (IV) gave a picrate, m. p. 172—173° 
(not crystallised), with alcoholic picric acid (Harper, Kon, and Ruzicka, Joc. cit., record m. p. 
174° for a§-di-1-naphthylbutane dipicrate). The still residue solidified and after crystallisation 
from acetone had m. p. 101° (Harper, Kon, and Ruzicka, Joc. cit., record m. p. 102° for a8-di-1- 
naphthylbutane). 

Fractions (III) and (IV) were united (42 g.) and refluxed for 8 hours with 10% methyl- 
alcoholic potassium hydroxide (80 c.c.). The product was poured into water, acidified, and 
extracted with ether. The extract was washed several times with sodium carbonate solution, 
dried, and fractionated, crude dinaphthylbutane (9-7 g.) being obtained. The sodium carbon- 
ate washings, on acidification, extraction with ether, and fractionation of the dried extract, 
yielded a light brown, viscous acid (28 g.). This was treated with an ethereal solution of diazo- 
methane (from 25 g. of nitrosomethylurea), and after 30 minutes the excess was decomposed 
with a few drops of glacial acetic acid and the product was fractionated. A fairly mobile, 
yellow oil (23 g.) was obtained, b. p. 206—214°/0-4 mm., }® 1-5565, n?” 1-5540 (Found: C, 
77-0; H, 7-9. C.,H,.,O; requires C, 76-9; H, 7-7%). 

In order to characterise the substance this methyl ester (0-5 g.) was mixed with aqueous 
methylamine (7 c.c. of 33%); after a few days the methylamide crystallised. On recrystallis- 
ation from benzene-light petroleum (b. p. 80—100°) (1:1), very fine, colourless needles were 
obtained, m. p. 100° (Found: C, 77:2; H, 8-2; N, 4:5. C,9H,,O,N requires C, 77-2; H, 8-0; 
N, 4:5%). 

(g) The dehydration of this methyl ester was attempted with sulphuric acid at 0° (cf. Bogert, 
Science, 1933, 77, 289; Bogert and Davidson, J. Amer. Chem. Soc., 1934, 56, 185; Bogert, 
Davidson, and Apfelbaum, ibid., p. 959), with anhydrous formic acid at 100° (Wallach, Annalen, 
1896, 291, 361; 1907, 356, 243), with potassium hydrogen sulphate at 185°, with thionyl chloride 
and pyridine (also quinoline) (cf. Darzens, Compt. rend., 1911, 152, 1601), with phosphoryl 
chloride in boiling benzene solution, with phosphoric oxide in toluene solution at 100°, and finally 
with phosphorus pentachloride followed by alcoholic potassium hydroxide. In most cases the 
unchanged ester was recovered, but some unsaturated product was obtained in the experiments 
with phosphoryl chloride and with phosphorus pentachloride and alkali. 

Methylation of Hydroxymethylenecyclohexanone.—Methylation under the conditions used by 
Bishop, Claisen, and Sinclair (A mnalen, 1894, 281, 366) for the preparation of ethers of hydroxy- 
methylenecamphor led almost entirely to C-methylation, accompanied by hydrolysis with the 
production of 2-methylcyclohexanone, b. p. 60—66°/17 mm., n}®* 1-4538 (cf. Sen and Mondal, 
J. Indian Chem. Soc., 1928, 5, 609). There was a small fraction (less than 10%) distilling to 
110°/16 mm., }** 1-4883, which gave an intense violet ferric reaction, apparently due to hydrolysis 
(Found: MeO, 7-1%). 

Methylation with methyl] sulphate and caustic alkali gave a product containing the desired 
O-methyl ether. Hydroxymethylenecyclohexanone (21 g.) was dissolved in an aqueous solution 
of potassium hydroxide (9-3 g. in 150 c.c.), and methyl sulphate (15-8 c.c.) added to the cold solu- 
tion, which was shaken mechanically for 12 hours and then extracted with ether. The extract 
was rapidly washed once with 2% sodium hydroxide solution (100 c.c.), dried over sodium 
sulphate, and fractionated; a colourless mobile oil (12-3 g.) distilled at 75—80°/13 mm., nis 

1-4854. This compound rapidly decomposed, turning green within a few minutes and dark 
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green after 1—2 hours (Found in two different specimens : MeO, 12-9, 11-9. C,H,,O, requires 
MeO, 22-7%). 

Condensation of Crude Methoxymethylenecyclohexanone with Ethyl Acetoacetate—The pro- 
duct from the above-described methylation experiment was added to a solution of ethyl 
acetoacetate (13 g.) in absolute alcoholic sodium ethoxide (2-3 g. of sodium in 60 c.c.)._ A solid 
slowly separated at room temperature and after 2 days the mixture was acidified with acetic 
acid and mixed with ether and water. The ethereal solution was washed twice with 10% 
sodium hydroxide solution, dried, and fractionated, yielding a viscous oil (5-2 g.), which gave 
no immediate colour with ferric chloride but slowly developed a brown-violet coloration. This 
material (1-2 g.) was dissolved in alcoholic sodium ethoxide (0-2 g. of sodium in 5 c.c.), kept for 
30 minutes in the cold, and heated on the steam-bath for 2 hours; a solid then separated. 
Water and ether were added and the separated aqueous layer was acidified and extracted with 
ether. The extract was dried over sodium sulphate and evaporated, yielding a brown oil 
(0-9 g.), which crystallised on complete removal of the solvent. Recrystallisation from 20% 
acetic acid (norit) gave long, narrow, rectangular plates, m. p. 178° (Found: C, 68-9; H, 6-2. 
Calc. for C,,H,,0,: C, 68-8; H, 6-2%). The compound gave a violet ferric reaction indistin- 
guishable from that given by salicylic acid; 6-hydroxytetralin-7-carboxylic acid (loc. cit.) 
is stated to have m. p. 177—178°. 


The authors thank the Carnegie Trust for the Universities of Scotland for a Fellowship 
awarded to one of them. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, August \st, 1935.] 
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Part VII. 


By WILLIAM SAGE Rapson and ROBERT ROBINSON. 


(A) A SYNTHETICAL objective in this group is a ketone such as (I), which might undergo 
double cyclisation with formation of (II). 


CH, CH, CH, 


6a, Yee ‘i a, te Wt 


cO CH= CH. <==CH 
/ CH 
H, (II.) 


MeO : 
cf, 


There is no doubt that (I) could be obtained from ethyl 1-methyl-A?-cyclopentenyl-1- 
methylacetoacetate by a method similar to that outlined in Part III (this vol., p. 1288) ; 
unfortunately this derivative of ethyl acetoacetate could not be obtained, though the 
requisite methylcyclopentenylmethyl chloride has been prepared. 

By reduction with sodium amalgam in the presence of carbon dioxide, ethyl 1-methyl- 
cyclopentan-2-one-1-carboxylate was only partly converted into the corresponding hydroxy- 
ester (III). By the action of phosphoric oxide in boiling benzene, however, the keto- 
ester remained unattacked, whereas the hydroxy-ester yielded the lower-boiling ethyl 
1-methyl-A?-cyclopentene-1-carboxylate (IV), which was separated by fractionation. Since 
this yielded «-methylglutaric acid on oxidation with alkaline permanganate, the possibility 
of a rearrangement during the dehydration was excluded. 

1-Methyl-A*-cyclopentenyl-1-carbinol (V) resulted in 70% yield on reduction of the ester 
with sodium and anhydrous alcohol. Its conversion into a halide derivative gave some 
difficulty. Neither thionyl chloride nor phosphorus tribromide with pyridine could be 
employed, but the action of phosphorus pentachloride in light petroleum solution afforded 
a reasonably pure chloride (VI). In the attempted condensation of this with ethyl sodio- 
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acetoacetate all but a small proportion of the chloride reacted with auto-elimination of 
hydrogen chloride. The use of the #-toluenesulphonate of the alcohol (cf. Slotta and 
Franke, Ber., 1930, 63, 678; Tabern and Volwiler, J. Amer. Chem. Soc., 1934, 56, 1140) 
proved equally impracticable. 


CH, CH, A : 
ho \ A \ & ™~s ra \ 
CH, Me-CO,Et H, OMe-CO,Et H, CMe-CH,OH H, (Me-CH,CI 
CH,—CH-OH CH==CH CH==CH CH==CH 
(III.) (IV.) (V.) (VI.) 


The isolation of the product of the elimination of hydrogen chloride in these reactions 
was not feasible. By heating the alcohol (V) with potassium hydrogen sulphate, however, 
a hydrocarbon, b. p. 112°, was isolated, from which the 2 : 4-dinitro- and the pentabromo- 
derivative of toluene were readily obtained. Although the hydrocarbon was not isolated 
in an analytically pure condition, there can be little doubt but that it is a dihydrotoluene 
formed in accordance with some such scheme as : 


® @* CH, 
— A 
cH, Ae “<H,—OH *__, CH,-CHYHs i, 
HS(Me CH=:cH’CMe —* CH CMe 
CH—=CH 
\ 7 
CH 


There are numerous alternative mechanisms. 
We next attempted the use of the ester (IV) directly in a @-diketone synthesis with 


y-m-methoxyphenylpropyl methyl ketone (VII) as the other component. 
COMe 


CH, 
ie me an MeO. JCH(OMe)-CH(OMe)\_ OMe nape 
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The preparation of m-methoxybenzyl alcohol (Pschorr, Annalen, 1912, 391, 44) has been 
improved, m-Hydroxybenzaldehyde in alkaline solution is reduced smoothly: by an 
electrolytic method to m-hydroxybenzyl alcohol, which can then be methylated in situ 
by the addition of methyl sulphate. A by-product of this reaction is the aa’-dimethyl 
ether of 3 : 3’-dimethoxyhydrobenzoin (VIII). 

m-Methoxybenzyl chloride and the corresponding nitrile have been obtained in im- 
proved yields (cf. Pschorr, doc. cit.), and from the latter ethyl m-methoxyphenylacetate 
was obtained directly by the action of sulphuric acid and alcohol. The series of reactions 
is more convenient than the preparation through m-methoxyphenylacetic acid (Robinson 
and Zaki, J., 1927, 2411). 

@-m-Methoxyphenylethyl alcohol was converted through the chloride into the iodide, 
and this condensed with ethyl sodioacetoacetate to ethyl §-m-methoxyphenylethylaceto- 
acetate. The required ketone (VII) was readily obtained on hydrolysis. From the con- 
densation of this ketone with the unsaturated ester (IV), however, it has not been possible 


to isolate a pure B-diketone. 
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(B) Another line of work which has given interesting results starts with the introduction 
of the ®-phenylethyl group into ethyl é¢vans-cyclopentane-l-carboxylate-2-cyanoacetate 
(Cook and Linstead, J., 1934, 956; this work was published whilst ours was in progress). 
Although the failure to alkylate the related malonic ester is on record, we experienced 
little difficulty in the preparation of (IX). 

The hydrolysis to (X) was difficult and best effected in stages; the acid was obtained as 
the trans-form and it gave a crystalline trans-anhydride. The latter, heated at 240° for 
15 minutes, was converted into the cis-anhydride, from which the cis-form of the acid was 
obtained. 

The ring-closure of the ¢vans-form of (X) to yield the keto-acid (XI) was effected in 
good yield by 80% sulphuric acid at 100° and the resulting ¢vans-keto-acid, on heating 
with acetic anhydride and sodium acetate, afforded the cis-form of lower melting point. 


HO,C CH CO CH 
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The methyl ester of (XI) (¢rans-form) could not be brought into reaction with ethyl bromo- 
acetate and zinc, and no alternative method has yet been found by means of which the 
carbon atoms necessary for the building up of ring (III) can be introduced. 

By the action of thionyl chloride, both the cis- and the ¢rans-form of (XI) are readily 
dehydrated to the unsaturated /actone (XII) in its two possible stereoisomeric forms. In 
view of the similarity of the ring systems with those of the cyclopentenophenanthrene 
group, Miss D. Crowfoot has kindly examined these substances by X-ray and crystallo- 
graphic methods. In an attempt to obtain the corresponding saturated lactones, the 
hydrogenation of the ¢vans-unsaturated lactone has been carried out in the presence of 
a 1% palladium-strontium carbonate catalyst, but four atoms of hydrogen were introduced 
and the acid (XIII) was the product. Jacobs and Scott (J. Biol. Chem., 1930, 87, 601) 
have already observed the fission of similarly constituted unsaturated lactones on reduction 
and were unable to isolate the saturated lactones even when the hydrogenation was inter- 
rupted at an intermediate stage. 

Ruhemann and Wragg (J., 1901, 79, 1190) and Fichter and Schwab (Annalen, 1906, 
848, 251) have shown that ethyl $-chlorocrotonate reacts with sodio-derivatives of certain 
enols, and it was hoped that ethyl 2-chloro-A!-cyclopentene-1-carboxylate might behave in 
a similar fashion. The ester was obtained by the action of phosphorus pentachloride on 
ethyl cyclopentan-2-one-l-carboxylate, but it did not react with ethyl sodioacetoacetate, 
in either alcohol or benzene, or with ethyl sodiomalonate. Accordingly the projected 
condensation with ethyl sodio-«-acetyl~y-m-methoxyphenylbutyrate was not attempted. 

Structures of the kind which might be built up in this way are in fact more readily 
constructed by the method of Part IT (this vol., p. 1285). 

(C) The extension of the method of Miller and Robinson (J., 1934, 1535), for the intro- 
duction of the group CH,CH,°CO-CH, in the «-position of 8-naphthol, to the phenanthrene 
series would be of considerable interest. We therefore attempted the synthesis of 2- 
hydroxy-7-methoxyphenanthrene by Pschorr’s method, using m-benzyloxyphenylacetic 
acid as one component in the first stage; de-benzylation could not be avoided, however, 
and methoxylated intermediates were used in further experiments. 

2-Amino-5-methoxy-a-(m-methoxyphenyl)cinnamic acid (XIV) yields, on diazotisation 
and decomposition of the diazo-compound, phenanthrene derivatives in 63% yield, of which 
about 56% was 2 : 5-dimethoxyphenanthrene-9-carboxylic acid (XV) and about 44% was 
2 : 7-dimethoxyphenanthrene-9-carboxylic acid (XVI). 
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The orientation of the substituents follows from the identity of the decarboxylation pro- 
duct of (XVI) with 2: 7-dimethoxyphenanthrene which Fieser (J. Amer. Chem. Soc., 
1929, 51, 2471) prepared by a series of processes from phenanthrene and related to 2: 7- 
dinitrophenanthraquinone which has been converted into benzidine (Strasburger, Ber., 
1883, 16, 2346; Schultz, Annalen, 1879, 196, 29). 

The formation of the isomeride (XV) in preponderating amount was unexpected, and 
we have not been able to find a parallel case in the literature (cf. Mayer and Balle, Annalen, 
1914, 403, 167). Theoretically it may be related to such cases as the nitration of m- 
methoxybenzaldehyde and other examples of a phenomenon discussed by Jones and 
Robinson (J., 1917, 111, 903). 

(D) An account is included of the preparation of some cyclopentane derivatives bearing 
moderately long aliphatic chains, for example, (XVII), and also of some experiments 
due to Dr. R. Hirt, for example, the preparation of (XVIII) and its derivative. 


CH, O 
is (a XY 

O 

2 XVIII. 

(XVIL.) én, C-(CH,],"CH, le OT oT aaa 
CH,—C-CO-[CHg].°CO,Me 
2 
EXPERIMENTAL. 


(A) Ethyl 1-Methyl-A*-cyclopentene-1-carboxylate (IV).—Dieckmann’s method of preparation 
of ethyl 1-methylcyclopentan-2-ol-l-carboxylate (III) (Amnalen, 1901, 317, 70) was used, but 
contrary to his results, complete reduction of ethyl 1-methylcyclopentan-2-one-1-carboxylate, 
even with a large excess of sodium amalgam, did not occur. Reductions with aluminium 
amalgam and by electrolytic methods were slower and even less efficient. 

Water (300 c.c.) was stirred vigorously over sodium amalgam (900 g. of 3-5%) in a rapid 
stream of carbon dioxide for 2—3 minutes. A solution of the keto-ester (43 g.) in alcohol 
(60 c.c.) was then added, the stirring continued during 5—6 hours, and the product isolated 
(38 g. of b. p. 105—110°/14 mm.). 

Dobson, Ferns, and Perkin (J., 1909, 95, 2016) attempted to obtain the ester (IV) by the 
conversion of the hydroxy-ester into the chloro-ester by means of phosphorus pentachloride, 
and subsequent treatment with boiling diethylaniline, but all attempts to remove hydrogen 
chloride failed. The unsaturated ester was readily obtained, however, as follows: a mixture 
of the above reduction product (38 g.), benzene (40 c.c.), and phosphoric oxide (10 g.) was 
refluxed for 1-5 hours; the benzene layer was then decanted, and the products separated by 
fractionation. (a) 13 g., b. p. 70—80°/13 mm., gave on redistillation pure ethyl 1-methyl-A*- 
cyclopentene-1-carboxylate, b. p. 70—71°/13 mm., a mobile liquid of strong but pleasant odour 
(Found : C, 70-3; H, 8-7. C,H,,O, requires C, 70-1;-H,9-1%). (b) 14-5g., b. p. 105—110°/14 
mm., were identified as ethyl 1-methylcyclopentan-2-one-1-carboxylate. 

1-Methyl-A*-cyclopentene-1-carboxylic acid was obtained only by prolonged refluxing of its 
ester with alcoholic potash, followed by acidification. It is a relatively mobile oil, b. p. 110°/14 
mm. (Found: C, 66-8; H, 8-1. C,H,,O, requires C, 66-7; H, 7-9%). 

1-Methyl-A*®-cyclopentenyl-1-carbinol (V).—Vigorous reduction of ethyl methyl-A*-cyclo- 
penetenecarboxylate (30 g.) with sodium (35 g.) and absolute alcohol (450 c.c.) yielded this 
alcohol (15 g.) as a clear liquid, b. p. 162—165°/760 mm. (Found: C, 74-9; H, 10-8. C,H,,0 
requires C, 75-0; H, 10-7%). The p-nitrobenzoate crystallised from ethyl alcohol in needles, 
m. p. 67° (Found: C, 64-4; H, 6-0. C,,H,,O,N requires C, 64-4; H, 5-8%). 

1-Methyl-A*-cyclopentenylmethyl Chloride—The interaction of the alcohol with thionyl 
chloride and pyridine (or dimethylaniline) yields chiefly high-boiling resins. The alcohol 
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(7 g.) was dissolved in light petroleum (15 c.c., b. p. 30—40°) and added during 30 minutes to 
phosphorus pentachloride (14 g.) under light petroleum (15 c.c.) at — 5°. The mixture was 
kept for 12 hours, and then mixed with ice and ether; the organic layer was well washed with 
aqueous sodium carbonate, dried, and distilled, b. p. 40—56°/18 mm. (4-7 g.). The product 
was not quite homogeneous (Found: Cl, 23-5. C,H,,Cl requires Cl, 27-1%). In the crude 
state the substance suffered rapid decomposition on attempted distillation under atmospheric 
ressure. 
. Attempts to condense 1-methyl-A*-cyclopentenylmethyl chloride with ethyl sodioaceto- 
acetate either in hot alcoholic solution or in a benzene medium failed. Although almost the 
theoretical amount of sodium chloride separated, the amount of high-boiling material in the 
product was negligible. In the presence of sodium iodide, and in alcohol, however, a small 
yield was obtained. The crude chloride (10 g.) was boiled with a solution of sodium (2 g.), 
acetoacetic ester (12-3 g.), and sodium iodide (3 g.) in absolute alcohol (35 c.c.) for 30 hours. 
On working up in the usual way, only 2 g. of crude material, b. p. 105—125°/0-2 mm., could be 
obtained. 

The reaction between 1-methyl-A*-cyclopentenylcarbinol (5 g.), p-toluenesulphony] chloride 
(9 g.), and pyridine (9 c.c.) was complete in 10 hours, and the product was worked up by the 
addition of ether and washing with both acid and alkali. The residue after the evaporation 
of the ether was heated in a vacuum at 60° for 4 hour and the residual viscous oil (10 g.) was 
used in the condensations with acetoacetic ester, as its purification by distillation was impossible. 
Even after boiling for 48 hours with an excess of ethyl sodioacetoacetate, however, a quantity 
of unreacted sulphonate remained, which decomposed during subsequent attempts to distil 
the product. This difficulty was not overcome by the use of potassium. 

Dehydration of 1-Methyl-A*-cyclopentenylcarbinol.—The alcohol (6 g.) was boiled with 
potassium hydrogen sulphate (3 g.) for 10 hours, and the reaction mixture then distilled. The 
distillate (b. p. 100—120°) was dried over sodium sulphate and distilled from sodium. Yield, 
1-5 g., b. p. 112—113°/760 mm. The substance was unsaturated and not identical with toluene. 
(a) The hydrocarbon (0-3 g.) was gradually introduced into an ice-cold mixture of nitric acid 
(1 g.) and sulphuric acid (2 g.). Vigorous reaction occurred, and after 4 hours the mixture 
was heated on the water-bath for 1 hour. On pouring into water, the product crystallised. 
It was washed, and recrystallised from alcohol, forming needles, m. p. 70° alone or mixed with 
2 : 4-dinitrotoluene. 

(b) The hydrocarbon (0-1 g.) was treated with ice-cold bromine (1-2 g.) and a few crystals 
of aluminium bromide, and kept over-night. The product, washed free from bromine, crystal- 
lised from benzene in needles, m. p. 285°, not depressed on admixture with pentabromotoluene. 

m-Methoxybenzyl Alcohol.—m-Hydroxybenzaldehyde (35 g.), dissolved in 10% aqueous 
sodium hydroxide (200 c.c.), was reduced electrolytically with a current of 4 amps. (C.D., 
0-025 amp./sq. cm.) for 3-5 hours. The solution was then taken from the cell, and sodium 
hydroxide (15 g.) and methyl sulphate (85 g.) successively added, the latter in two portions 
and with vigorous shaking. An oil that separated was collected in ether and distilled, b. p. 
125°/12 mm. (20 g.). A residue (9 g.) remained in the flask and 3 : 3’-dimethoxyhydrobenzoin 
ax’-dimethyl ether (VIII) crystallised readily from aqueous ethyl alcohol or from acetic acid in 
colourless prisms, m. p. 112—113° (Found: C, 71-5; H, 7-3. C,gH,,O, requires C, 71-3; 
H, 7-5%). 

Ethyl m-Methoxyphenylacetate.—m-Methoxybenzyl] alcohol (170 g.) was converted into the 
chloride (170 g.) by the Darzens method, thiony] chloride and pyridine being used (cf. Pschorr, 
loc. cit.). This was refluxed with a solution of potassium cyanide (200 g.) and sodium iodide 
(30 g.) in alcohol (1000 c.c.) for 8 hours, forming m-methoxyphenylacetonitrile (125 g.), b. p. 
154°/16 mm. The nitrile (88 g.) was boiled with sulphuric acid (26 c.c.) and ethyl alcohol 
(150 c.c.) for 6 hours and gave the required ethyl m-methoxyphenylacetate in almost quantitative 
yield (83 g.). The reduction of this ester (50 g.) with sodium (35 g.) and absolute alcohol 
(300 c.c.) gave low yields (18 g., 46%) of 8-m-methoxyphenylethy] alcohol, b. p. 185—137°/12 
mm., which was transformed into B-m-methoxyphenylethyl chloride (17 g., b. p. 128—130°/14 
mm.) by the method of Darzens. This reacted slugglishly with ethyl sodioacetoacetate in 
alcoholic solution, and was therefore refluxed (45 g.) on the steam-bath for 12 hours with a 
solution of sodium iodide (86 g.) in ethyl alcohol (430 c.c.). The alcohol was then distilled, 
and the residue taken up in ether, washed with a dilute solution of sodium thiosulphate, and 
dried. On evaporation of the ether and distillation of the residue, there resulted 61 g., b. p. 
147—155°/15 mm. (chiefly at 154°). 

Ethyl 8-m-Methoxyphenylethylacetoacetate.—B-m-Methoxyphenylethyl iodide (30 g.) was 
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refluxed for 6 hours with the ethyl potassioacetoacetate prepared from ethyl acetoacetate 
(15 g.) and powdered potassium (4-5 g.) in toluene (150 c.c.). The reaction mixture was worked 
up in the known manner, affording 20 g. of material, b. p. 180°/2 mm. (Found: C, 68-0; H, 7-5. 
C,5H,,O, requires C, 68-2; H, 7-5%). 

y-m-Methoxyphenylpropyl Methyl Ketone (VII).—The above acetoacetate (19 g.) was shaken 
with a cold solution of sodium hydroxide (8 g.) in water (400 c.c.) for 24 hours. A small quantity 
of neutral material was then extracted, the alkaline layer acidified, and the m-methoxyphenyl- 
ethylacetoacetic acid collected in ether, The extracts were concentrated without drying, 
and the residue heated in a boiling water-bath for 15 minutes. Hydrochloric acid (10%) was 
then added, and the heating continued for another 15 minutes. The product was taken up 
in ether and washed with alkali, the neutral material dried, and the ether evaporated. The 
residue (10 g.) was almost pure and had b. p. 168°/19 mm. (Found: C, 75-0; H, 8-4. C,,H,,0, 
requires C, 75-0; H, 83%). The semicarbazone crystallised from alcohol in long, shining, 
thin plates, m. p. 109°. 

An attempt to condense this ketone with ethyl 1-methyl-A*-cyclopentene-1-carboxylate was 
made in benzene solution in the presence of alcohol-free sodium ethoxide. The acidic material 
eventually isolated was identified as 1-methy]-A*-cyclopentene-1-carboxylic acid and the neutral 
product was a viscous oil with a weak ferric reaction. After the removal of the unchanged 
ester, this reaction product was found to be concentrated in a small fraction of high b. p./1 mm. 
(bath at 200—300°). No ketone was recovered, but there was a considerable residue of material 
which exhibited no ferric reaction. 

(B) 1-Cyano-A!-cyclopentene.—Thionyl chloride (315 g.) was added gradually with shaking 
and cooling to pure distilled cyclopentanonecyanohydrin (196 g.) mixed with pyridine (420 g.) 
and dry ether (500 c.c.). The whole was refluxed for 3 hours with frequent shaking, water 
added, and the clear, light yellow ethereal layer washed free from pyridine salts with dilute 
acid and then with alkali; it was dried, the ether evaporated, and the residue distilled, b. p. 
69°/15 mm. (123 g. or 75%). 

Ethyl A’-cyclopentene-1-carboxylate was then obtained by the method of Cook and Linstead 
(loc. cit.). Their directions for the preparation of ethyl ‘vans-cyclopentane-1l-carboxylate-2- 
cyanoacetate gave much better yields than those quoted (loc. cit.). Ethyl A’-cyclopentene-1- 
carboxylate (20 g.), ethyl cyanoacetate (20 g.), sodium (3-5 g.), and alcohol (40 c.c.) gave 24 g. 
of product, b. p. 146°/1 mm. In our experience the criticism of Cook and Linstead’s method 
by Bardhan and Banerji (this vol., p. 474) is decidedly not valid, provided that anhydrous 
alcohol is employed and water is excluded from the apparatus. 

Ethyl a-Cyano-a-(trans-2-carbethoxycyclopentyl)~y-phenylbutyrate (IX).—Ethyl tvans-cyclo- 
pentane-1l-carboxylate-2-cyanoacetate (96 g.) was added to potassium (14-7 g.), powdered 
under toluene, and the mixture refluxed until a clear straw-coloured solution of the potassio- 
derivative was obtained. §-Phenylethyl bromide (71 g.) was then added, and the mixture 
refluxed for 8 hours. The toluene layer was washed with alkali and water, dried, and distilled, 
b. p. 195—200°/1 mm. (100 g.) (Found: C, 71-5; H, 7-3. C,,H,,O,N requires C, 70-6; H, 
76%). The ester was evidently not quite homogeneous. 

a-Cyano-a-(trans-2-carboxycyclopentyl)-y-phenylbutyric Acid.—The above ester (66 g.) was 
only partly hydrolysed after boiling for 30 hours with concentrated hydrochloric acid. It was 
therefore collected and boiled vigorously for 6 hours with 25% alcoholic potash. The acidic 
material was collected in ether and crystallised from acetic acid, forming colourless rectangular 
prisms (28 g.), which melted with evolution of gas at 210°, and contained nitrogen (Found : 
C, 67-6; H, 6-6. C,,H,,O,N requires C, 67-8; H, 6-3%). A considerable proportion of the 
material failed to crystallise. 

a-(trans-2-Carboxycyclopentyl)~y-phenylbutyric Acid (X).—The above cyano-dicarboxylic 
acid (23 g.) was boiled for 7 hours with a mixture of sulphuric acid (50 c.c.), acetic acid (70 c.c.), 
and water (70 c.c.), and the product then taken up in ether. On evaporation of the solvent 
and treatment of the residue with acetic acid, a crystalline mass was obtained. It separated 
slowly from acetic acid in colourless prisms (15 g.), m. p. 160—161° (Found: C, 69-9; H, 7-0. 
Ci gHgO, requires C, 69-5; H, 7-2%). 

a-(cis-2-Carboxycyclopentyl)~y-phenylbutyric Acid.—The trans-acid (1 g.) was boiled with 
acetic anhydride (7 c.c.) for 15 minutes and the anhydride was then removedina vacuum. The 
corresponding trans-anhydride remained as a solid residue; it crystallised from petroleum 
(b. p. 100—120°) in shining plates, m. p. 112° (Found: C, 73-9; H, 7-1. C,,H,,O, requires 
C, 74-4; H, 7-0%), yielding the original acid on hydrolysis. This ¢vans-anhydride was heated 
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in an oil-bath at 250° for 15 minutes. On cooling, it would not crystallise again, and was there- 
fore hydrolysed by means of dilute aqueous sodium hydroxide on the steam-bath. After 
acidification, extraction, and evaporation of the ethereal extracts, the residue crystallised from 
aqueous acetic acid in colourless prisms, m. p. 133° (mixed with the ivans-isomeride, m. p. 
115°) (Found: C, 69-5; H, 7:5. C gH, .O, requires C, 69-5; H, 7:2%). 

1-Keto-2-(trans-2’-carboxycyclopentyl)-1 : 2: 3: 4-tetrahydronaphthalene (XI).—The above 
tvans-acid (40 g.) was heated in portions of 6 g. with a mixture of sulphuric acid (36 c.c.) and 
water (12 c.c.) on the steam-bath for 3 hours. The reaction mixture was poured into water, 
and the product collected by means of ether; it crystallised from acetic acid in colourless 
plates, m. p. 164—165° after several recrystallisations (yield, 24 g.) (Found: C, 74-3; H, 6-9. 
C,gH,,0; requires C, 74-4; H, 7-0%). 

1-Keto-2-(cis-2’-carboxycyclopentyl)-1 : 2: 3: 4-tetrahydronaphihalene—A mixture of the 
corresponding trans-acid (2 g.), acetic anhydride (10 c.c.), and anhydrous sodium acetate (4 g.) 
was refluxed for 8 hours. The anhydride was decomposed with water, and an uncrystallisable 
oil separated, which was taken up inether. The residue, after removal of the solvent, solidified 
on rubbing, and crystallised from acetic acid in prisms of hexagonal outline, m. p. 155—156° 
(mixed with tvans-acid, m. p. 135—140°) (Found: C, 74-4; H, 7-0. C,,H,,O, requires C, 
74-4; H, 7-0%). 

1-Keto-2-(trans-2’-carbomethoxycyclopentyl)-1 : 2:3: 4-tetyrahydronaphthalene.—An_ ethereal 
solution of diazomethane (10 g. of nitrosomethylurea) was added to 1-keto-2-(ivans-2’-carboxy- 
cyclopentyl)-1 : 2: 3: 4-tetrahydronaphthalene (10 g.) and after decomposition of the excess 
of diazomethane with acetic acid, the ethereal solution was washed with alkali, dried, and the 
ether evaporated. The residue was freely soluble in most organic solvents, but separated from 
its chilled solution in methyl alcohol in colourless plates, m. p. 45° (Found: C, 75:2; H, 7-4. 
C,,H,,O; requires C, 75-0; H, 7-4%). 

1-H ydroxy-2-(trans-2’-carboxycyclopentyl)-3 : 4-dihydronaphthalene Lactone (XII).—A mixture 
of 1-keto-2-(trans-2’-carboxycyclopentyl)-1 : 2:3: 4-tetrahydronaphthalene (3 g.), thionyl 
chloride (5 g.), and chloroform (20 c.c.) was refluxed for 30 minutes. The chloroform was 
removed in a vacuum, and the residue crystallised twice from light petroleum and then from 
ethyl acetate, forming glistening needles, m. p. 162° (Found: C, 80-2; H, 6-6. C,.H,,O, 
requires C, 80-0; H, 6-7%). 

1-H ydroxy-2-(cis-2’-carboxycyclopentyl)-3 : 4-dihydronaphthalene Lactone.—1 - Keto-2- (cis-2’- 
carboxycyclopentyl)-1 : 2: 3: 4-tetrahydronaphthalene yielded this substance in a manner 
similar to that already described for its isomeride. The product was easily soluble in most 
solvents, but crystallised from light petroleum (b. p. 30—40°) in rhombohedra, m. p. 66° (Found : 
C, 79-5; H, 65%). 

Miss D. Crowfoot has kindly submitted the following report on the properties of crystals 
of the trans- and the cis-lactone described above : 


(a) trans-Lactone—The compound crystallises in monoclinic needles elongated along a, 
with the faces {021}, {100} developed. The dimensions of the unit cell are: a = 8-2; b = 23-4; 
c = 13-6; B = 68°. With a density of about 1-315, the number of molecules in the cell is 8. 
The only halving is (0k0), absent for k odd, and the space group may therefore be P2, or P2,/m. 
In the first case, there are four molecules in the asymmetric unit, in the second only two. In 
any case the crystal is presumably a racemate of two optically active molecules—with the 
5-ring addition up at A down at B in one form, down at A up at B in the other. Actually 
the planes (h0/) are weak where / is odd and therefore there appears to be a pseudo-a glide 
plane, so that the space group should probably be given as P2, simulating P2,/a. Morphologically 
the crystal is not one of the sterol types, but perhaps this could hardly be expected in view 
of both its racemic character and the presence of the lactonic linking. The crystal optics, 
however, do point to an interpretation of the cell dimensions in terms of molecular dimensions 
very similar to those of the oestrin group. Thus the sign of the double refraction is positive, 
b is the y direction and « is not more than about 6° from a; b may therefore be taken to represent 
twice the molecular length—about 11-7 A.; a twice the molecular thickness—about 4-1 A.; 
and csin 8 twice the molecular width—6-2 A. 

(b) cis-Lactone.—This crystallised from light petroleum in fairly thick triclinic plates. 
The following unit cell dimensions were measured: @ = 7-27; b = 16-75; d(001) = 11-0; 
y = 75°. The density determined by flotation was 1-267, which gives the number of molecules 
in the unit cell as 4. The space group is Cl or CI. 

As in the case of the trans-compound, the crystal is presumably a racemate of both optically 
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active cis-forms, which gives the number present in the asymmetric unit as actually 2, there 
being 2 of each kind of molecule in the cell. 

Through the c face a positive biaxial figure could be observed with the slow extinction (8) 
along @ and y inclined at a moderate angle to the normal to the ¢ plane. This suggests that 
the molecules may be placed roughly with their thickness four times over in the b plane, par- 
ticularly as the (040) reflexion is very strong, their lengths being along y. The determination 
can only be very approximate, but the dimensions so found are not dissimilar from those of 
the trans-compound. 

The most interesting fact about this compound is the great difficulty with which it crystallises 
at all. Immediately after it had been dissolved in light petroleum some of the solution was 
scattered on a slide so that the solvent rapidly evaporated; a viscous liquid was left which had 
not crystallised after several weeks, even where a nucleus crystal was introduced. Similarly, 
after the crystals had been melted and warmed for some time to destroy all arrangement before 
cooling, the melt did not recrystallise. In the ordinary way the crystals form very slowly 
from a supersaturated ligroin solution in the course of a day or longer. It seems natural to 
connect this property with the fact that owing to the presence of the double bond between 
rings B and C the 5-membered ring fused in the cis-position must turn nearly at right angles 
to the main ring system. This must enormously increase the difficulty with which the mole- 
cules can move over one another to build up a regular crystalline arrangement. 

In the main group of the sterols and oestrin derivatives the bond common to rings B and C 
is hydrogenated and in this case it is possible to achieve a fairly flat configuration of the 5-ring 
with respect to the rest of the molecule, whether it is attached in the cis- or in the trans-position. 
On the analogy with this cis-lactone we might expect that a compound where this becomes a 
double bond should show marked differences in behaviour on crystallisation, according to 
whether the fusion of the 5-ring is cis or trans. In the oestrin series such a compound is equilenin 
(crystallographic examination by Gaudefroy, Compt. rend., 1932, 193, 981), in the sterol series 
neoergosterol (Windaus and Borgeaud, Amnalen, 1928, 460, 235). Equilenin according to 
Gaudefroy crystallises beautifully in orthorhombic plates, much elongated in one direction. 
There is evidently no difficulty of crystallisation here. Of neoergosterol we have already made 
X-ray measurements showing a structure which, if somewhat more complicated than usual, 
is still of a perfectly normal type. In fact the X-ray photographs show in certain directions 
smear lines which are sometimes associated with ease of movement of molecules over one another, 
rather than the reverse. 

The analogy of the cis- and the tvans-lactone with these compounds is of course not complete, 
but such as it is, it does support the tvans-fusion of ring D to ring C in the sterol and oestrin 
series (Department of Mineralogy, Oxford University). ‘ 


2-(2’-trans-Carboxycyclopentyl)-1 : 2: 3 : 4-tetrahydronaphthalene (XIII).—The unsaturated 
tvans-lactone (0-8 g.) was dissolved in dry ethyl acetate (20 c.c.), a 1% palladium-strontium 
carbonate catalyst (8 g.) added, and the mixture shaken with hydrogen under 2 atms. until 
absorption had ceased. The product solidified when freed from solvent and crystallised from 
light petroleum (b. p. 60—80°) in radiating clusters of prisms, m. p. 107°, soluble in aqueous 
sodium hydrogen carbonate (Found: C, 78-8; H, 8-3. C,gH, O, requires C, 78-7; H, 8-2%). 

Ethyl 2-Chloro-A'-cyclopentene-1-carboxylate-—Phosphorus pentachloride (50 g.) was covered 
with light petroleum (b. p. 40—60°), and ethyl cyclopentan-2-one-l-carboxylate (31 g.) added 
gradually with shaking. Reaction set in immediately with evolution of hydrogen chloride at 
each addition, and the process was completed by heating on the steam-bath at 60° for 30 minutes. 
The liquid was decanted, shaken with water and with aqueous alkali till neutral, dried, and 
distilled; the main fraction, b. p. 95—102°/12 mm., was contaminated with acidic material 
formed during distillation. It was therefore washed with alkali, dried, and redistilled. There 
resulted 15-5 g. of ester, b. p. 95—98°/12 mm. (chiefly at 96°) (Found: C, 55-1; H, 6-3. 
C,H,,0,Cl requires C, 55-1; H, 6-3%). 

2-Chloro-A'-cyclopentenecarboxylic Acid.—Acidification of the alkaline washings from the 
above preparation furnished a crystalline acid (2 g.) which, dried and recrystallised from light 
petroleum, formed glistening needles, m. p. 115—116° (Found: Cl, 24-6. C,H,O,Cl requires 
Cl, 243%). 

(C) m-Benzyloxybenzaldehyde.—m-Hydroxybenzaldehyde (41 g.) was added to a solution 
of sodium (6 g.) in alcohol (100 c.c.). Benzyl chloride (45 g.) was then introduced, and the 
mixture refluxed for 4 hours. The residue after distillation of the solvent was taken up in 
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ether, washed with alkali, dried, the ether evaporated, and the residue distilled, b. p. 215— 
218°/20 mm. (yield, 61 g.). The distillate solidified and was recrystallised from alcohol; colour- 
less plates, m. p. 54° (Found: C, 79-0; H, 5-6. C,,H,,O, requires C, 79-3; H, 5-6%). 

m-Methoxybenzylidenephenylisooxazolone.—A mixture of m-benzyloxybenzaldehyde (23-5 g.), 
hippuric acid (20 g.), and acetic anhydride (37 c.c.) was heated on the steam-bath for 2 hours. 
The product, isolated in the known manner, crystallised from acetic acid in short yellow needles 
(29 g.), m. p. 129° (Found: N, 3-8. C,,H,,0O,N requires N, 3-9%). 

m-Benzyloxyphenylacetic Acid.—The isooxazolone (85 g.) was hydrolysed by boiling 10% 
sodium hydroxide solution during 5 hours, and the benzoic acid precipitated with sulphur 
dioxide (cf. Buck and Perkin, J., 1924, 125, 1680). When boiled with hydrochloric acid, the 
filtrate deposited m-benzyloxyphenylpyruvic acid. This crystallised from aqueous alcohol 
in white irregular prisms (47 g.), m. p. 145°, but decomposed on keeping. The keto-acid (47 g.) 
was dissolved in aqueous sodium hydroxide (300 c.c. in 10%) and hydrogen peroxide (300 c.c. 
in 3%) was added gradually in the cold. Acidification after 12 hours liberated m-benzyloxy- 
phenylacetic acid, which crystallised from alcohol in glistening plates (37 g.), m. p. 126° (Found : 
C, 74:3; H, 5-9. C,;H,,O, requires C, 74-4; H, 5-8%). 

2-Nitro-5-methoxy-a-(m-benzyloxyphenyl)cinnamic Acid.—A mixture of 6-nitro-3-methoxy- 
benzaldehyde (1 mol.) (Mason, J., 1925, 127, 1195), the dry sodium salt of m-benzyloxyphenyl- 
acetic acid (1 mol.), and acetic anhydride (3 mols.) was heated on the steam-bath for 24 hours. 
On dilution with water an oil was precipitated, which was collected in benzene and crystallised 
when freed from solvent; dark-coloured impurities were removed by washing on the filter. 
It then crystallised from benzene in small, faintly yellow prisms, m. p. 148°. The acid was 
freely soluble in alcohol and acetic acid, and after drying in a vacuum desiccator it gave Rams- 
den’s qualitative test for benzene (Found: C, 70-5; H, 5-0; N, 3-0. C,3H,,O,N,0-5C,H, 
requires C, 70-3; H, 5-0; N, 3-1%). 

2-A mino-5-methoxy-a-(m-benzyloxyphenyl)cinnamic Acid.—The above acid was reduced 
smoothly and almost quantitatively by heating on the steam-bath for 1 hour with an excess 
of a mixture of solutions of ferrous sulphate and ammonia. In order to isolate the amino- 
compound, it is essential to filter it from a faintly alkaline mother-liquid. If the ammoniacal 
filtrate from the reaction mixture is acidified, the amino-acid separates in an insoluble flocculent 
form which contains mineral acid, even after thorough washing, and cannot be recrystallised. 
The pure acid crystallises from aqueous alcohol in colourless plates, m. p. 137° (Found: C, 
73-4; H, 5-8. C,,H,,0O,N requires C, 73-6; H, 5-6%). 

2-Nttro-5-methoxy-a-(m-methoxyphenyl)cinnamic Acid.—A mixture of dry sodium m-methoxy- 
phenylacetate (114 g.) (Robinson and Zaki, J., 1927, 2411), 6-nitro-3-methoxybenzaldehyde 
(125 g.), and acetic anhydride (400 c.c.) was heated on the steam-bath for 24 hours. The 
anhydride was then decomposed, and the product taken up in benzene and washed free from 
acetic acid. On evaporation of the benzene, the residue crystallised in part. After being 
washed free from dark-coloured impurities with benzene, it crystallised from aqueous alcohol 
in yellow needles (102 g.), m. p. 148° (Found: C, 62-0; H, 4:7. C,,H,,0,N requires C, 62-0; 
H, 46%). 

2-A mino-5-methoxy-a-(m-methoxyphenyl)cinnamic Acid (XIV).—The nitro-acid was reduced 
by heating on the steam-bath for 1 hour with an excess of solutions of ferrous sulphate and 
ammonia. The amino-acid (quantitative yield) crystallised from aqueous alcohol in colourless 
plates, m. p. 185° (Found: C, 67-9; H, 5-9. C,,H,,0O,N requires C, 68-2; H, 5-7%). 

2 : 5-Dimethoxyphenanthrene-9-carboxylic Acid (XV) and 2: 7-Dimethoxyphenanthrene-9- 
carboxylic Acid (XV1).—The amino-acid (85 g., 1 mol.) was dissolved in dilute aqueous sodium 
hydroxide (1 mol.) and added gradually to an excess of ice-cold 8% sulphuric acid with stirring. 
5% Sodium nitrite solution (1-05 mols.) was slowly introduced and the mixture was kept for 
12 hours, then rendered faintly alkaline with sodium carbonate, and warmed to 50°; nitrogen 
was evolved, and when the solution no longer coupled with 8-naphthol to an azo-compound, 
it was acidified and the solid collected. Fractional crystallisation gave two isomeric acids : 
(1) 2: 7-dimethoxyphenanthrene-9-carboxylic acid, sparingly soluble in acetic acid, but crystallis- 
ing from a relatively large volume in pale yellow prisms (22 g.), m. p. 265° (Found: C, 72-6; 
H, 4:8. C,,H,,O, requires C, 72-3; H, 5-0%), the constitution being based on the formation 
of 2 : 7-dimethoxyphenanthrene on decarboxylation (see below) ; (2) 2 : 5-dimethoxyphenanthrene- 
9-carboxylic acid, moderately readily soluble in acetic acid and crystallising therefrom in long, 
pale yellow prisms (28 g.), m. p. 191° (Found: C, 72-6; H, 48%). 

2 : 7-Dimethoxyphenanthrene.—The carboxylic acid of m. p. 265° (20 g.) was dissolved in 
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quinoline (100 c.c.) and heated for 2-5 hours with a “‘ copper chromite ’’ catalyst (0-7 g.) (bath 
at 230°), and the mixture then added to dilute hydrochloric acid. The solid, washed with alkali 
and crystallised from pyridine, gave colourless plates (10 g.), m. p. 169—170° (Fieser, Joc. cit., 
gives m. p. 167—168°). The picrate crystallised from alcohol in slender brick-red needles, 
m. p. 144° (Found: N, 9-2. C,gH,,0,,C,H,O,N,; requires N, 9-0%). 

2 : 7-Dimethoxyphenanthrene (10 g.) was boiled with acetic acid (20 c.c.) and hydriodic 
acid (40 c.c., d 1-6) for 2 hours. The product was extracted with ether, and a phenolic 
fraction isolated in the usual way. The substance separated from aqueous acetic acid in 
colourless needles (6 g.). Heated gradually, it darkened and did not melt sharply, but starting 
in a bath at 245° droplets appeared at 258° and the meniscus formed at 264°. Fieser (/oc. cit.) 
gives m. p. 265° for 2 : 7-dihydroxyphenanthrene. 

2 : 5-Dimethoxyphenanthrene.—2 : 5-Dimethoxyphenanthrene-9-carboxylic acid (6 g.) yielded 
this substance (4 g.) in a manner similar to that already described for its isomeride. It 
crystallised very readily from acetic acid in needles, m. p. 117° (Found: C, 80-4; H, 5-7. 
C,¢H,,O, requires C, 80-7; H, 59%). The picrate crystallised from alcohol in glistening 
orange-red needles, m. p. 154—156° (Found: N, 9-1. C,,H,,0,,C,H,O,N, requires N, 9-0%). 

2 : 5-Dihydroxyphenanthrene, obtained like the isomeride, was freely soluble in aqueous 
alcohol and acetic acid, from which it separated as an oil; it crystallised readily from xylene, 
however, in prisms, m. p. 180° (Found: C, 80-1; H, 4:8. C,,H,,O, requires C, 80-0; H, 4-8%). 

2 : 5-Diacetoxyphenanthrene crystallised from aqueous acetic acid in colourless transparent 
plates, m. p. 144°. 

2-Methyl-5 : 6-(1 : 2-naphtha)~y-pyran.—The reaction mixture from the preparation of B-2- 
hydroxy-l-naphthylethyl methyl ketone (cf. Miller and Robinson, Joc. cit.) was poured into 
dilute hydrochloric acid and shaken with ether. The ethereal extracts were dried, and the ether 
evaporated; the residue distilled as a viscous oil, b. p. 190°/16 mm., which crystallised from 
ethyl alcohol in stout prisms, m. p. 44—45° (Found: C,.85-4; H, 6-1. C,,H,,O requires 
C, 85-7; H, 6-1%). The substance is evidently formed by the dehydration of the hydroxy- 
ketone; on exposure to air, it quickly darkens owing to autoxidation, and like the hydroxy- 
ketone it yields a pyrylium salt by the combined action of phosphoryl chloride and chloranil. 

(D) Ethyl 1-n-Octylcyclopentan-2-one-1-carboxylaie—Ethyl potassiocyclopentanonecarb- 
oxylate was prepared from powdered potassium (13-5 g.) and the keto-ester (55 g.) in xylene 
(150 c.c.). n-Octyl bromide (65 g.) was then added, and the mixture boiled for 7 hours. The 
xylene solution was well washed with alkali and with water, dried, and distilled, giving 77 g. 
of b. p. 157—165°/1 mm. (yield, 85%). The semicarbazone crystallised from ethyl alcohol in 
short fine needles, m. p. 117° (Found: C, 62-8; H, 9-5. C,,H;,0,N, requires C, 62-8; H, 
9-5%). 

a-n-Octyladipic Acid.—The above ester (105 g.) was boiled with a solution of baryta (200 g.) 
in water (600 g.) for 12 hours. A soapy, insoluble barium salt was formed, which was slowly 
decomposed by hydrochloric acid. The acidic products were collected by ether, and a-n- 
octyladipic acid crystallised readily from light petroleum in prisms, m. p. 74° (Found: C, 64-7; 
H, 10-0. C,4H,,O, requires C, 65-1; H, 10-1%). 

2-n-Octylcyclopentanone.—The neutral and the acidic products of the above hydrolysis 
were combined and distilled slowly at atmospheric pressure. The distillate was taken up in 
ether and washed with alkali, the neutral extract dried, the ether evaporated, and the residue 
distilled, giving 50 g. (65%) of the ketone, b. p. 135—138°/11 mm., as a mobile liquid with a 
strong camphoraceous odour. The semicarbazone separated rapidly in the course of its prepar- 
ation; it was sparingly soluble in alcohol, from which it crystallised in light feathery crystals, 
m. p. 183° (Found: C, 66-4; H, 10-7. C,,H,,ON, requires C, 66-4; H, 10-7%). 

2-n-Octylcyclopentanol.—A solution of 2-n-octylcyclopentanone (15 g.) in 95% alcohol 
(100 c.c.) was poured on sodium (23 g.) in a reflux apparatus, alcohol (120 c.c.) added gradually, 
and the mixture boiled so as to maintain a vigorous reaction. When all the sodium had dis- 
appeared, water was added, and the ethyl alcohol distilled in steam. The product was isolated 
by means of ether and distilled; b. p. 161°/23 mm. or 140°/8 mm. (yield, 13 g.) (Found: C, 
78-6; H, 13-1. C,,H,,O requires C, 78-8; H, 13-1%). 2-n-Octylcyclopenianol (12 g.) was 
heated at 80° for 12 hours with a mixture of equal weights of hydrobromic acid (d 1-5) and acetic 
acid saturated with hydrogen bromide, and the mixture was then boiled for 1 hour. Water 
was added, and the product collected by means of ether and distilled; b. p. 135—140°/8 mm. 
(yield, 15 g.). Various attempted condensations with this bromide afforded n-octyl-A'-cyclo- 
pentene, which was also obtained by the action of octylmagnesium bromide on cyclopentanone 
(cf. Zelinsky, Michlina, and Eventowa, Ber., 1933, 66, 1423) and dehydration of the product 
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by boiling with oxalic acid for 4 hours. In all the experiments it was found necessary to 
fractionate the product (b. p. 125—128°/12 mm.) in order to separate it from hexadecane 
(b. p. 150°/12 mm.) also formed in the reaction. 

2- (8 - Carbomethoxypropionyl) -1-n-octyl-A1-cyclopeniene (XVII).—n-Octyl-A}-cyclopentene 
(23 g.), mixed with B-carbomethoxypropiony] chloride (23 g.; cf. J., 1904, 85, 530), was added 
gradually to a solution of stannic chloride (33 g.) in carbon disulphide (80 c.c.) cooled in a 
freezing mixture. After 4 hours, the dark red complex was decomposed with dilute hydrochloric 
acid, the solution washed and dried, and the solvent removed. Dimethylaniline (17 g.) was 
then added, and the mixture heated at 180° for 3 hours. The product was taken up in ether, 
and the base removed by shaking with dilute hydrochloric acid; finally the ethereal layer was 
dried, the ether evaporated, and the residue distilled, giving 5 g. of crude material, b. p. 205— 
215°/10 mm., but the major portion of the product was a resinous residue. On redistillation, 
it had b. p. 173—177°/1 mm., n}*° 1-4818 (Found: C, 73-1; H, 10-2. C,,H390, requires C, 
73-4; H, 10-4%). Better yields were obtained, however, by the use of aluminium chloride as 
catalyst. The acid chloride (19 g.) and the hydrocarbon (20 g.) were mixed in carbon disulphide 
(70 c.c.), and aluminium chloride (16-5 g.) was added slowly with cooling in ice. The reaction 
mixture was kept in the cold for 12 hours and then refluxed for 3 hours. On working up and 
distillation of the product there were obtained 5 g. of keto-ester, }*° 1-4812, and 7 g. of recovered 
octylcyclopentene. 

[Experiments made by Dr. R. H1rt.] cycloPentanone-2-8-propionic Acid and Derivatives.— 
The memoir of Cook and Linstead on this subject appeared (J., 1934, 954) just after our work 
had been completed (Dr. F. E. King also had prepared the acid for a different purpose; cf. 
this vol., p. 782). The only points to which reference need be made are the following: We 
required the acid chloride for an attempted synthesis of :y-m-methoxyphenylpropyl cyclopent- 
anone-2-8-ethyl ketone, but it could not be obtained although many methods were tried. When 
cyclopentanone-2-f-propionic acid (15 g.) was refluxed with acetyl chloride (30 g.) for 8 hours, 
it was converted into the related enolic lactone (XVIII), b. p. 116—117°/17 mm. (10 g.) (Found : 
C, 69-4; H, 7-4. C,H,,O, requires C, 69-6; H, 7:2%). This is a colourless oil which readily 
absorbs bromine; it is insoluble in cold aqueous alkalis, but dissolves on heating. The reduction 
of this lactone could not be accomplished, but cyclopentanol-2-8-propionic acid lactone was 
obtained as follows: Sodium (40 g.) was added to a solution of cyclopentanonepropionic acid 
(40 g.) in alcohol (400 c.c.); the mixture was acidified when the sodium had disappeared, and 
the alcohol distilled. The product was collected in ether and distilled under diminished pres- 
sure. When the bath temperature reached 180—200°, the hydroxy-acid decomposed (not 
before) and the lactone passed over at 134—140°; redistilled, b. p. 138—139°/18 mm. (yield, 
10 g.) (Found: C, 68-4; H, 8-7. C,H,,O, requires C, 68-6; H, 8-6%). This substance has 
the properties of a 8-lactone; it polymerises on heating and the hydroxy-acid is formed on 
hydrolysis of the resin thus produced (cf. Fichter and Beisswenger, Ber., 1903, 36, 1200). In 
the experiment described, 6 g. of lactone were thus recovered from the residue in the flask. 
By the action of phosphorus pentachloride at 130—140° on this lactone and subsequent treat- 
ment with alcohol, ethyl 2-chlorocyclopentane-1-8-propionate, b. p. 126—127°/15 mm., was 
obtained. The content of chlorine was always somewhat too high. From this substance 
ethyl A!-cyclopentene-1-8-propionate was obtained by the action of boiling diethylaniline. 
This ester had b. p. 102—103°/19 mm. and contained a trace of chlorine which vitiated the 
analytical results. 

1-Methyl-3 : 4-dihydronaphthalene.—The formation of this substance is the model for a 
stage in several contemplated syntheses. y-Phenylpropyl methyl ketone (semicarbazone, 
m. p. 125° in accord with Diels and Poetsch, Ber., 1921, 54, 1587, who first prepared the ketone 
from benzylidenediacetylmonoxime) is obtained in 92% yield by the hydrolysis of ethyl £- 
phenylethylacetoacetate (75% yield of product, b. p. 167—168°/14 mm., from $-phenylethyl 
iodide and ethyl sodioacetoacetate in alcoholic solution) with boiling 10% hydrochloric acid. 

The ketone (4 g.) was carefully mixed with 85% sulphuric acid (30 c.c.) at 0°; the homogene- 
ous solution formed at first quickly became orange and an oil separated. After keeping for 30 
minutes at room temperature the hydrocarbon was isolated (2-6 g. or 74:3%), b. p. 107—108°/14 
mm., and redistilled over sodium (Found : C, 91-3; H, 8-6. C,,H,, requires C, 91-7; H, 83%). 
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NOTE. 


The Resolution of r-Mandelic Acid with (—)Ephedrine. By RoBERT ROGER. 


vy-MANDELIC acid was resolved by Manske and Johnson (J. Amer. Chem. Soc., 1929, 51, 1909) 
and Skita, Keil, and Meiner (Ber., 1933, 66, 974) by means of both optically active forms of 
ephedrine. By the following process the resolution has been achieved with (—)ephedrine alone. 

y-Mandelic acid (50 g. in 60 c.c. of absolute alcohol) was added slowly to (—)ephedrine 
(50 g. in 90 c.c. of absolute alcohol). The solution was gently warmed for 2 hours and then 
cooled in the ice-chest. The crystalline complex was collected, washed with fresh alcohol 
(30 c.c.), boiled with alcohol (75 c.c.), collected when cold, and decomposed with hydrochloric 
acid; the mandelic acid was then extracted (crop A, 22 g., [a]s4¢, — 177° in acetone). (—)- 
Ephedrine (40 g.) was dissolved in the original resolution liquor and to it was added r-mandelic 
acid (40 g.) dissolved in the alcoholic washings from the previous stage. After gentle warming 
for an hour, the complex was separated and treated as before (crop B, 20 g., [a]54, — 147-4°). 
This process was repeated with a further 40 g. of (—)ephedrine and 40 g. of r-mandelic acid, 
giving crop C (24 g., [«]s4g, — 78°3°). The final liquors from this series of operations were con- 
centrated under diminished pressure to half the volume; on cooling, a solid separated, which was 
collected, washed with alcohol, and decomposed (crop D, 12 g., [a]s4g, + 90°). The combined 
filtrate and washings were finally completely denuded of alcohol under diminished pressure 
at as low a temperature as possible; decomposition of the residue gave crop E (44 g., [a] se: 
+ 160°). 

Crop A, recrystallised from acetone—benzene, gave 15 g. of (—)mandelic acid, [«]s4¢, — 189-8°. 
Similarly, crop E after recrystallisation gave 30 g. of (+)mandelic acid, [a]54., + 189-1°. Crops 
B and C were united and quickly combined with fresh (—)ephedrine; a crop of levo-acid 
(30 g.) was then obtained, [«],4,, — 182° (the rotatory power of pure levorotatory mandelic 
acid in acetone is [«]?%, — 189-9°; Roger, J., 1932, 2168). 

130 G. of r-mandelic acid thus gave 45 g. of the levorotatory acid and 30 g. of the dextro- 
rotatory acid; 124 g. of ephedrine were recovered.—UNIVERSITY COLLEGE, DUNDEE, UNIVER- 
SITY OF St. ANDREWS. ([Received, June 21st, 1935.] 
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365. The Selective Adsorption of Heavy Water. 
By A. Kine, F. W. James, C. G. Lawson, and H. V. A. Briscoe. 


IN a previous communication (J., 1934, 1207) preferential adsorption of heavier water by 
charcoal and silica gel was briefly reported. In our early experiments, as in the work of 
Washburn and Smith (J. Chem. Physics, 1933, 7, 426), a quantity of the adsorbent was 
kept for some weeks in contact with a large volume of water, a procedure which, evidently, 
did not permit a speedy access of all the water to the adsorbent and hence was inefficient. 
Nevertheless, the results proved that an isotopic separation occurred, and the abnormally 
low density of the supernatant water after adsorption upon charcoal, when considered in 
relation to the moderate increase in density of the bulk of the desorbed water, indicated that 
the last traces of water held by the solid might be relatively very heavy. Therefore, the 
experiments now reported have been carried out by passing the vapour of tap-water over 
the adsorbent at 100° for a considerable time, these conditions being designed to facilitate 
the intimate contact of the whole of the water with the whole of the adsorbent. Silica gel 
and various samples of commercial charcoals gave increased densities for the desorbed water, 
estimated by the flotation method, which showed a fairly constant enrichment ratio 
markedly greater than that obtained by simple contact between the solid adsorbent and 
liquid water. As a check on these results, one adsorption was carried out upon pure 
charcoal with heavy water containing 4% of deuterium oxide. In this case, the concen- 
tration of deuterium oxide in the desorbed fractions was estimated by determinations of 
freezing point, and it was found that this method, which has not hitherto been applied, 


is both speedy and fairly precise. 


EXPERIMENTAL. 


Experiments with Commercial Adsorbents.—An iron tube, 125 cm. x 4 cm. inside diameter, 
wound with nichrome wire insulated by asbestos and heated electrically to a uniform temper- 
ature just above 100°, was used to contain the adsorbent. A measured volume of London 
tap-water was passed as steam through the tube. Then one end of the tube was closed and the 
other was connected to a pump via a cooled glass receiver and a manometer. 

While the tube was maintained at 100°, successive fractions of the desorbed water were 
collected at successively lower pressures, each fraction being denoted by the pressure range in 
which it was collected. 

The first experiment with 1 kg. of silica gel and about 8 1. of water gave the fractions labelled 
Ad. 4. A second similar experiment with 450 g. of active birch charcoal and 8 1. of water gave 
fractions Ad. 5. The third experiment (fractions Ad. 6) was made with the exceptionally 
active ‘‘ Aron ”’ rubber charcoal (160 g). and 81. of water. Ina fourth experiment (fraction Ad. 
7), with ‘‘ acticarbone ”’ (300 g.), 170 1. of water were used, and after the desorption at 100° was 
complete, the adsorbent was transferred to a silica tube and further fractions of desorbed water 
were collected at 200° (7-5%), 500° (0-75%), and 1000° (0-15%). These fractions proved to be 
too small for convenient measurement, but it is of interest that commercial charcoals do hold a 
small proportion of strongly bound water. In some cases this adsorption and desorption had 
to be repeated several times in order to obtain sufficient of the smaller fractions for determination. 

Each fraction of desorbed water obtained by this procedure was rigorously purified by the 
methods previously described (/oc. cit.), and its density determined to 0-2 yd by means of a silica 
float. 

The results are in Table I, where our earlier results and those of Washburn and Smith are 
also given for comparison; 7, is the flotation temperature of the float in purified London tap- 
water, and Ty,. the corresponding figure for the specimen of desorbed water. From these data 
it is possible to calculate the values given in the last two columns, showing respectively the 
concentration of deuterium oxide in the specimen and an “ enrichment ratio,”’ 7.e., the ratio of 
the final to the original concentration of deuterium oxide. 

Experiment with Pure Charcoal.—It is well known that the adsorption of water on charcoal is 
influenced by impurities in the latter, by the presence or absence of an oxide film on its surface, 
and by the condition of that film if present (King and Lawson, Trans. Faraday Soc., 1934, 30, 
1094). Therefore, in order to ascertain whether the impurities in the commercial adsorbents so 
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far mentioned had affected the isdtopic separation, it appeared desirable to carry out an experi- 
ment with pure charcoal under 4 rigorous vacuum technique. As the charcoal used (prepared 
by the methdd previously déscribed; King and Lawson, Kolloid Z., 1934, 69, 21) was free from 
hydrogen, any possibility of interchange between water and hydrogen adsorbed on the surface 
was eliminated. 


TABLE I. 
Selective adsorption of D,O from water of normal isotopic concentration. 
Total vol. % of 
Pressure of water total D,O 
range of desorbed desorbed con- Enrich- 
Index _desorp- at 100°, water in (TH, —Ts) tent, ment 
No. _ tion, cm. C.c, fraction. Ts. Tx.0- x10°.  Ayd. p.p.m. ratio. 
Adsorption from steam. 
— Standard — 20°336° 20°336° — — 154 — 
Silica gel. 
Ad. 4a >450 327 68 20°336 20°350 + 14° + 29 189 1:23 
Ad.4b <50 —_ 32 20°336 20°362 +- 26 + 55 219 1°42 
Wood charcoal. 
Ad. 5a >60 191 19 20°336 20°349 + 13 + 2°7 186 1-21 
Ad. 5b 60—40 — 20 20°336 20°349 +13 + 27 186 1-21 
Ad. 5c 40—20 — 35 20°336 20°350 + 14 + 29 189 1°23 
Ad. 5d <20 — 26 20°336 =. 20361 + 25 + 563 216 1:40 
Aron charcoal. 
Ad. 6a > 40 160 338 20°344 = =20°357 + 13 + 27 186 1-21 
Ad. 6b 40—20 — 39 20°344 20°365 + 21 + 44 205 1°36 
Ad. 6¢ <20 — 23 20°344 20°370 + 26 + 55 219 1-42 
** Acticarbone.”’ 
Ad. 7a > 40 241 36 20°347 = 20°36 1 + 14 + 29 189 1:23 
Ad. 7b 40—20 — 42 20°347 20°368 + 21 + 44 205 1°36 
Ad. 7c <20 — 22 20°347 =. 20°373 + 26 + 65 219 1-42 
Preliminary results. 
Ad. 2a Supernatant water — 20°336 8 §©20°334 —2 — 04 149 0°97 
Ad. 2b Desorbed water -= 20°336 20°338 +2 + O04 159 1-04 
Ad. 3a Supernatant water — 20°336 20°332 —4 — O08 144 0°94 
Ad. 3b Desorbed water — 20°336  20°337 +1 + 02 156 1-01 
Results of Washburn & Smith. 
— Standard —- = _- -— +530 790 — 
-- Desorbed water — — _- — +465 712 0°90 
— Residual water — — — _- + 59°7 870 1:10 


Since it was not feasible in this experiment to employ the large quantities of material used in 
those already described, relatively heavy water was taken containing approximately 4% of 
deuterium oxide and changes in its concentration were observed by the freezing-point method 
described below. 

Charcoal (4-6 g.), which had previously been activated by a short heating in oxygen at 400°, 
was heated to 1000° for 10 mins. in a closed crucible, cooled, transferred to a Pyrex bulb carrying 
a 2 mm. quill side tube, and thoroughly baked and out-gassed by heating to 400° for 18 hrs. ata 
pressure of 10mm. Then pure water was distilled on to the charcoal at room temperature and 
left adsorbed in it for 3 days, the system being heated to 130° twice during this time, and finally 
the bulb was baked out and highly evacuated as before. This treatment was designed to remove 
the greater part of the oxide from the surface of the charcoal. 

On to the charcoal thus prepared, 0-7 g. of water containing about 4% of deuterium oxide 
was distilled, and the apparatus was sealed off from the pump. After standing for 3 hrs. with 
a brief heating at 100°, the bulb was immersed in a steam-bath, and the end of the quill side tube 
was cooled, so that successive fractions of the desorbed water could be collected and sealed off 
in successive lengths of the tube. In each case an estimate was made of the relative humidity 
at which desorption occurred. The results are in Table II. 

A small final fraction was collected at less than 4% relative humidity. Though it was too 
small (about 2 mg.) to permit a precise determination of the freezing point, a rough measure- 
ment indicated that the content of deuterium oxide was between 5-5 and 9%. 

Estimation of Heavy Water Concentration by Determination of Freezing Point.—This method 
appears to be new, and has proved in the present investigation to be fairly accurate and speedy. 
It is, moreover, the only method which can be used with specimens weighing only a few mg. 
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It depends on the fact that a mixture of ice and water changes considerably in volume as melting 
or freezing proceeds, and remains constant in volume when held exactly at the f. p. In practice 
it is difficult to attain the latter condition, but we have found that under suitable conditions, 
when the tube containing the ice-water mixture is immersed in a bath kept at a steady temper- 
ature very close to the f. p. by immersion in a thermostat, the rate of expansion or contraction of 


TABLE II. 
Selective desorption of D,O from pure charcoal. 
Relative Fraction of total M. p. (in 
humidity. adsorbed water, %. vacuum). D,O, %. 
Normal water — -+ 0°007° 0-02 
66—42 23 0-130 3°2 
42—34 42 0°165 41 
34—32 19 0°175 4°4 
32— 4 16 0°190 4: 


the water—ice mixture is proportional to the difference between the bath temperature and the 
{.p. Thus, by means of several observations which bracket it, the f. p. can be quite accurately 
determined. The sealed tube containing a fraction of the desorbed water was fixed in contact 
with the bulb of a Beckmann thermometer immersed in the bath but isolated therefrom by a 
surrounding glass tube closed at the lower end. The bath contained dilute salt solution with 
ice on the surface and at the bottom, so that the middle layer of the bath would warm up gradu- 
ally when undisturbed and could be kept at a constant temperature or cooled, when necessary, 
by bubbling a controlled current of air through the bath so as to mix in the cooler layers above 
and below. The presence of ice crystals does not interfere with the observation of the movement 
of the meniscus. 

In illustration of the conditions employed, it may be recorded that at the beginning of a 
determination the bath temperature was usually about 0-1° below the f. p. and rose during the 
measurement to within about 0-01° of the f. p., at which the rate of movement of the meniscus 
would be about 0-005 mm./min. The quantity of water necessary for a measurement is about 
40 mg., in a 2-mm. tube, and the error of the mean of two or three sets of readings will not 
exceed about + 0-005°. It is important to note that the presence of more than a small trace 
of air in the tube renders the method quite useless, as it may cause a spurious change in the 
f. p. of as much as 0-1°. 


DISCUSSION. 


The results now obatined show that the adsorption of heavy water by charcoal and silica 
gel is markedly selective. When the adsorbent is merely left in contact with tap-water 
or other dilute solutions of heavy water, as in our preliminary experiments and in those of 
Washburn and Smith, a small concentration of the heavy water is observed, corresponding 
to an enrichment ratio of about 1-04—1-01. This method is obviously inefficient, for the 
only means of circulation is by diffusion, and the attainment of equilibrium must be 
extremely slow. 

A much more effective method of examining the behaviour of mixtures is to adsorb 
them from the vapour phase: by this means the access of molecules to the whole surface 
of the adsorbent is greatly facilitated, and thorough and continuous admixture of the 
components in the vapour phase is secured. As “ acticarbone,’”’ which had been treated 
with 20 times as much steam as the other adsorbents, gave the same separation as they did, 
it seems very probable that the degree of selective adsorption now observed represents the 
true equilibrium condition on the surface. 

When, after this equilibrium is attained, the water is progressively desorbed, it is not 
constant in composition : the heavy water is preferentially retained (or, better, light water 
is preferentially evolved), and the last fractions of water removed from the adsorbent are 
relatively very heavy. 

The relative enrichment by selective adsorption from steam was the same for silica gel 
and for three different kinds of charcoal, the density of the last fraction being the same in 
each case. Since, at the same time, the quantity of water desorbed varied with the activity 
of the charcoals, it appears that, as regards the charcoal—water system, the only effect of 
activation is to enlarge the area available for adsorption. This view is supported by the 
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experiment with pure charcoal and more concentrated heavy water, where the first desorbed 
fraction contained 3-2°% and the last main fraction 4-8 % of deuterium oxide. 

A good deal of attention has been given to the sorption of mixtures, and the recorded 
data show that, although selective adsorption is most marked when two different types of 
adsorption linkage are involved (e.g., in the case of air on charcoal at ordinary temperatures 
or above, when oxygen is chemisorbed while nitrogen is held only by weak van der Waals 
forces), yet it undoubtedly occurs to some extent in nearly every system. Thus, for 
example, Dewar found (Proc. Roy. Inst., 1906, 18, 440) that charcoal exposed to a current 
of air at — 185° adsorbed 3 vols. of oxygen and 2 vols. of nitrogen, although at this tem- 
perature both gases are believed to be held physically. Moreover, on warming 50 g. of 
charcoal which had adsorbed 6 1. of air, the first litre of desorbed gas contained 18-5% of 
oxygen, the second 30-6%, the third 53%, the fourth 72%, and the fifth 80%. Again, 
Richardson and Woodhouse (J. Amer. Chem. Soc., 1923, 45, 2647), using mixtures of carbon 
dioxide and nitrous oxide in equal volumes adsorbed on charcoal, found that at 2870 mm. 
pressure only 57-3 c.c. of carbon dioxide were adsorbed for each 60-2 c.c. of nitrous oxide ; 
and that on lowering the pressure, the dispro- 
portion increased until at 100 mm. pressure the 


—_— I adsorbed gas is two-thirds nitrous oxide. 
ee In the system now under discussion it is 
/ JV interesting, therefore, to observe another case 


/ of markedly selective adsorption with two mole- 
’ Fi cules of identical type, between which the chief 
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difference is but a small fraction of the mole- 

4 cular weight. It seems not improbable, in such 

/ a case, that separation is largely influenced by 

; some factor or factors other than zero-point 
; energy differences. 
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In this connexion it should be noted that 
Lennard-Jones and Strachan (Proc. Roy. Soc., 
1935, A, 150, 442) have worked out a wave- 
| mechanical calculation of isotopic separation 
! independent of the concept of zero-point energy. 
: For the simple case of H,, HD, and D, mole- 
0 =~ . : - cules adsorbed on copper at low temperatures, 
0 0:25 0-5 0-75 +0 ~~‘ they show that the average times spent by HD 
Kelative vapour pressure and D, molecules on the surface are respectively 

6 and 20 times that spent by Hy. 

The adsorption of water on gas-free charcoal differs from the adsorption of other vapours 
in that there is practically no sorption at relative pressures below 0-3. At or above this 
pressure the adsorption rises suddenly to a relatively high value which increases but slightly 
with further increase in the relative pressure of water vapour. McBain, Porter, and 
Sessions (J. Amer. Chem. Soc., 1933, 55, 2294) explain the occurrence of this critical pressure 
by the assumption that it marks the stage at which the water molecules are held in the 
surface by mutual polarisation, whereas at lower relative pressures the chance of two water 
molecules alighting on adjacent points of the surface is small and so their mutual effect is 
negligible. The figure shows the isotherm of water on charcoal (I) and, for comparison, the 
isotherms of water on silica gel (III) and of a typical vapour on charcoal ([V). Now, the pol- 
arisability of the,heavy water molecule is greater than that of ordinary water molecules, as 
is indicated, e.g., by the relatively high temperature of maximum density for heavy water. 
Hence, upon the theory indicated above, it would be anticipated that, in the adsorption of 
heavy water on charcoal, the critical point should lie at a lower relative pressure than with 
ordinary water, as is indicated by the dotted curve (II) inthe figure. The initial part of the 
curve for D,O cannot be predicted but probably lies close to that for H,O. A measurement 
of this isotherm will shortly be made in this laboratory. It seems possible that the 
difference in the polarisability of the two molecules may be the chief factor in the observed 
enrichment by adsorption, since this occurs to a marked extent at low relative pressures. 
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366. The Constitution of Complex Metallic Salts. Part III. The Para- 
chors of Palladium and Mercury in Simple and Complex Compounds. 


By FREDERICK G. MANN and DONALD PURDIE. 


THE electronic theory of valency leaves little doubt that in the complex metallic ammines 
the nitrogen of the ammonia molecule is bound to the central metallic atom by a co- 
ordinate link, and that the structural formula of hexamminocobaltic chloride is correctly 
represented by (I). It is significant that in all complex salts of the ammine type, ¢.g., 
those formed by the co-ordination of ammonia or of organic amines, sulphides, selenides, 
tertiary phosphines, arsines, stibines, etc., the co-ordinating atom of the ammonia or the 
organic molecule possesses a complete octet of electrons before co-ordination, and that this 
octet always contains at least one pair of unshared electrons, by means of which the 
co-ordinate link to the metallic atom can be made; moreover, the formation of any other 
type of linkage would in all such cases produce an unstable electronic distribution around 
the co-ordinating non-metallic atom, which would therefore exhibit an abnormal (and, 
indeed, hitherto unknown) valency. 


H,N NH g cl aes aR 
( 4H; : NH,°C.H,'S | 
NY ys rs 2¢2°"4 | 
| H,N>Co<-NH, |Cl, ni Pd, ie OP 
AX 2\~7 NG | Cl-Pt—Cl 
H,N NH, ? art 
me: Sey 
(I.) (II.) (III.) 


To obtain experimental evidence for the presence of co-ordinate links in complex salts, 
Bennett, Mosses, and Statham (J., 1930, 1668) prepared several non-ionic compounds of 
type (II) (wherein the two sulphur atoms become asymmetric by co-ordination with the 
palladium), but failed to separate them into racemic and meso-forms. More decisive 
evidence was obtained by Mann (7did., p. 1745), who prepared tetrachloro-(8$’-diamino- 
diethyl sulphide monohydrochloride)platinum (III), and isolated the d-form having 
[M]sag1 + 1070°. The optical activity is here again due to the sulphur atom having 
become asymmetric by co-ordination, and thus electronically and stereochemically equi- 
valent to the sulphur atom in the dissymmetric sulphoxides and sulphinic esters: the 
resolution of this platinum compound leaves very little doubt that a co-ordinate link 
joins the sulphur to the meial. 

Sugden (J., 1929, 318) determined the parachors of aluminium and beryllium acetyl- 
acetonates, etc., and considered that the results showed the presence of singlet links joining 
the organic molecules to the metal : this interpretation is invalidated by a factor which was 
not recognised in his work but has become evident in the present investigation and will be 
discussed later. 

To obtain further physical data to supplement the stereochemical evidence, the 
parachors of complex salts of the ammine type have been investigated. The neutral non- 
ionic derivatives of 4-covalent palladium of type [a,Pd b,] were used, partly because no 
complication from cis—trans-isomerism would arise, since in the palladium (as distinct from 
the platinum) compounds only the very stable ¢vans-compounds normally occur, and 
partly because the high solubility of the palladium compounds in organic solvents would 
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enable the parachors to be determined in solution by Hammick and Andrew’s method 
(J., 1929, 754). 

A homologous series of dialkyl sulphide derivatives of palladous chloride, of formula 
|(R,S),PdCl,], was prepared, and the members found to be fusible without decomposition ; 
an accurate determination of their parachors could therefore be made directly with the 
fused material. The results [Table I (A)] were quite unexpected: the parachor of 
palladium in each compound is calculated by subtracting from the experimental molecular 
parachor the sum of the parachors of all elements except the metal, and is found to fall 
from 36 for the methyl compound to — 7 for the m-amyl. (For this purpose, a revised 
list of atomic parachors was kindly provided by Prof. Sugden. The new values, which 
will be shortly published, in general differ only slightly from the earlier ones : those con- 
cerned in the present investigation are: C, 7-2; H, 16-2; O, 20-0; Cl, 53-5; Br, 68-0; S, 
48-5; P, 37; As, 51; Hg, 69; co-ordinate link, 0; singlet link, — 10.) The atomic parachor 
of palladium is unknown. Since, however, that of molybdenum (at. no. 42) is approximately 
80 and that of silver (at. no. 47) 63 (Sugden, “ Parachor and Valency,” 1930, Chap. IX), 
and since only small fluctuations occur in the known parachors through adjacent members 
of the transitional series, it is probable that the parachor of palladium (at. no. 46) lies 
between these two values, and probably close to the latter. If the palladium parachors in 
the dialkyl sulphide series are extrapolated backwards, a value for palladium in its 
dichloride of 55—60 is obtained, in agreement with the expected value. It would appear, 
therefore, that the steady fall in the parachor of palladium on ascending the sulphide series 
is dependent chiefly on the size of the sulphide molecule, and not upon the co-ordinated 
structure as such. Moreover, the change in the parachor is not due to any progressive 
change in the general structure of the compounds (e.g., by association, etc.), for the sulphide 
compounds show normal molecular weights in benzene solutions. 

To determine whether the abnormal parachors were peculiar to the sulphide complex 
compounds, similar homologous series were prepared with tertiary phosphines and arsines, 
and these compounds also were found to be fusible without decomposition. The results 
[Table I, (B) and (C) respectively] are strictly parallel with those of the sulphides: as 
each series is ascended, the apparent parachor of the palladium falls steadily to a negative 
value. Moreover, in all three series, the m. p.’s of the homologous compounds also fall 
steadily, the tri-n-amylarsine compound, in particular, being liquid at room temperature. 


TABLE I. 
Parachors of Complex Palladium Derivatives. 
[P], Parachor ! (P], Parachor 
Compound. M.p. obs. X[P].* of Pd. Compound. M.p. obs. <X[P].* of Pd. 
Dichlorides. (C) Trialkylarsines, [(R,As),PdCl,]. 
(A) Dialkyl sulphides, [(R,S),PdCl,]. R = Me 235° _ _ — 
R = Me 130° 463 427 36 Et 116 793 781 12 
Et 81 613 586 27 n-Pr 55 1014 1019 — § 
n-Pr 59 760 744 16 n-Bu 54 1243 1257 —14 
n-Bu 32 906 902 4 n-Am 10—11 1467 1494 — 27 
n-Am 41 1054 1061 — 7 : : 
iso-Bu -97—s«O914-—Ss« 902 12 , re 
(D) Dialkyl sulphide, [(R,S),PdBr,]}. 
(B) Trialkylphosphines, [(R,P),PdCl,]. R=Et 103 638 615 23 
R = Et 139 775 753 22 (E) Trialkylphosphine, [(R,P),PdBr,]. 
n-Pr 96 994 991 3 R = n-Bu 73 1243 1258 — 15 
n-Bu 66 1217 1229 — 12 (F) Trialkylarsine, [(R,As),PdBr,]. 
n-Am 47 1452 1466 —14 R = n-Pr 49 1040 =1048 — 8 


* L/P] represents the sum of the parachors of all the elements except palladium. 


Further, the abnormal parachors are not peculiar to the complex dichlorides, for in 
certain of the dibromides [Table I, (D), (E), (F)] the parachor of the palladium atom is 
almost identical with that derived from the corresponding dichlorides. 

To decide whether the links co-ordinating the non-metallic atoms to the palladium 
determined the abnormal parachor values, fusible compounds of palladium devoid of 
co-ordinate links were sought, and for this purpose the palladium derivatives of the 
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aliphatic thiols, Pd(SR),, were investigated. The ethyl, »-propyl, n-butyl, and n-amyl 
members were crystalline, but only the last two could be fused without decomposition ; 
in these compounds the palladium atoms [Table II (A)] showed low parachor values almost 
R R R R identical with those derived from the corresponding dialkyl 
| | i. sulphide compounds. It is not certain, however, that 
DK AA SN these palladium mercaptides are devoid of co-ordinate 
R P. ar Pp. Fae links. They are certainly not salts, since Prof. Sugden has 
? 4 ° kindly investigated the conductivity of the fused -amy]l 
R R R R derivative and reports: “It is a non-conductor in the 

(IV.) fused state, the resistance of the cell filled with the liquid 
substance being too large to measure. An upper limit for the conductivity is x << 4 x 10° 
at 95°.” On the other hand, both the n-butyl and the »-amyl compound showed con- 
siderable association (4—7-fold) even in non-associating solvents such as ethylene di- 
bromide and bromoform, and it is possible that the sulphur atoms of one molecule 
co-ordinate to the palladium of other molecules, giving a chelated structure such as (IV). 


TABLE II. 
Parachors of Palladium and Mercury Mercaptides. 
Parachor Parachor 
[P], of metal [P], of metal 
Compound. M.p. obs. =[P].* atom. Compound. M.p. obs. X{P].* atom. 
(A) Palladium mercaptides, Pd(SR).. 
R = n-Bu 142° 452 446 6 R = »-Am 83° 531—524¢ 525 6to— 1 
(B) Mercury mercaptides, Hg(SR),. 

R= Et 77 334 288 46 R=n-C,H,, 58 620 605 15 
n-Pr 67 402 367 35 n-C,H,, 75 692 684 8 
n-Bu 85 475 446 29 n-C,H,, 71 772 763 9 
n-Am 66 545 525 20 


* XP] represents the sum of the parachors of all the elements except the metal atom. 
t [P], obs., falls as the temperature of determination rises. 


To obtain further evidence on this point, the alkyl mercaptides of mercury were 
investigated : these are fusible without decomposition, and have the great advantage that 
the parachor of the metal itself is accurately known. Various observers, e.g., Brown (Phil. 
Mag., 1928, 6, 1044), have determined the parachor of metallic mercury to be 69, and the 
same value was obtained by Cavell and Sugden (J., 1929, 2572) for its parachor in diphenyl- 
mercury : the parachor in diethyl- and di-n-amyl-mercury has now been found to be 66 
and 61 respectively. It is clear, therefore, that in ascending the homologous dialkyl- 
mercury series, the parachor of the mercury atom falls only very slightly from its value in 
the metallic state. In the homologous mercury mercaptides, however [Table II, (B)], 
this parachor falls to 46 for the ethyl compound and then continuously to a constant value 
of 8—9 for the n-heptyl and the n-octyl compound. These mercury mercaptides show 
normal molecular weights in dilute benzene solution, and therefore stable association, 
such as that shown in (IV), does not occur: hence the abnormal parachor values are 
independent of co-ordinate links. 

A remote possibility that the abnormal parachor values in the above mercaptides might 
be a particular property of the group -S-X-S-, where X is an atom of another element 
joined to the sulphur atoms by covalent links, was disproved by determining the parachors 
of the bisethylmercaptols of acetone and of methyl ethyl ketone, CRR’(SEt),. For the 
first compound, [P], obs. = 402-3 (calc., 406-6) and for the second, [P], obs. = 439-7 (calc., 
446-2). Since a correction of — 3 or — 4 for the gem.-dialkyl groups (Sugden, J., 1929, 
316; Mumford and Phillips, 7b¢d., p. 2118) has to be applied to each of the calculated 
parachors, it follows that no abnormality is associated with the above dithio-group. 

It is clear from the foregoing results that in certain series of organometallic compounds, 
both simple and complex, the metal atom shows an apparent parachor which falls steadily 
as the homologous series is ascended, and may ultimately reach a constant value. Sugden 
(op. cit., Chap. VII) has determined the parachors of certain ketonic derivatives of thallium, 
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beryllium, and aluminium, and finds that the average parachor of the metal, calculated on 
the basis of the commonly accepted constitution of these compounds, in which the ketonic 
oxygen is joined by a co-ordinate link to the metal, has a low (and frequently a negative) 
value : if, however, the organic molecule is assumed to be co-ordinated to the metal by the 
aid of singlet links (each having the earlier value [P] = — 11-6), higher average values for 
the parachor of the metal, agreeing well with those in simpler compounds, are obtained 
(Table IIT). 





TABLE III. 
Parachors of Thallium, Beryllium, and Aluminium Derivatives. 
Normal formule. Singlet formule. 
[P], [PF]  [P)for ' (P), [P] for 
Compound. Formula. obs. calc. metal. Mean. calc. metal. Mean. 

Thallous ethoxide... TlOC,H,* 177°3 115°1 62°2 
Thallous formate... TIHCO, 150°3 80°3 70°0 65°5 
Thallous acetate ... TIC,H,O, 183°5 119°3 64:2 
Thallous acetoacetic 

ren T1(C,H,O,) 332°2 295°2 37°0 39-2 27270 60:2 | 62°4 
Dimethylthallium | 7 

benzoylacetonate Me,TI(C,,H,O,) 523°7 482°3 41°4 459°1 64°6 
Beryllium _acetyl- 

acetonate ......... Be(C,H,O,), 470°4 4724 — 20 4260 44:4 
Beryllium propionyl- — 86 37-8 

acetonate ......... Be(C,H,0O,), 5390 §=550°4 — 114 5040 350 jf °° 
Basic beryllium | 

propionate ......... OBe,(C,;H,;0,), 985°4 1035°2 — 12°4 849°6 34:0 
Aluminium acetyl- ] 

acetonate ......... Al(C;H,O,); 680°5 7086 — 281 ‘ 639°0 3=41°5 

a : — 32°8 " 

Aluminium propi- 38°6 

onylacetonate ... Al(C,H,O,), 788°0 8256 — 37°6 7560 32:0 
Aluminium bromide Al,Br, 4576 419°6 19-0 373°2 42:2 


* Considered as the simple compound, although subsequently shown by Sidgwick and Sutton (J., 
1930, 1461) to be the polymeride, (TIOEt),: this polymerisation would, however, probably not affect 
the parachor of the unit molecule. 


Inspection of these results shows, however, that the phenomenon discovered in the 
present investigation occurs also in many of Sugden’s compounds, but was not recognised 
because only two members of each homologous series were studied. For instance, the 
parachor of thallium falls markedly from the formate to the acetate, and is again much lower 
in the ketonic derivatives; the parachors of both beryllium and aluminium also decrease 
markedly in passing from their acetyl- to their propionyl-acetonates. There is no doubt 
that this fall would continue on further ascension of the homologous series, and that an 
average value based solely on two members of the series has no significance, and cannot 
be used as evidence for singlet links. In the absence of this evidence, that for the presence 
of co-ordinate links provided by the resolution of the platinum compound (III) stands 
unchallenged. 

It is clear, however, that the experimental data are still insufficient for a detailed 
theoretical interpretation of these anomalous parachor values. Pearson and Robinson 
(J., 1934, 740) have found that the considerable variation in the parachor of hydrogen in 
the simple hydrides depends apparently on the electrochemical nature and the size of the 
second atom, since this parachor has a minimum value in the halogen hydrides (10-28 
in hydrogen fluoride), a normal value in the neutral hydrides (16-96 in methane), and a 
maximum value in the metallic hydrides (19-20 in bismuthine). Clearly, no similar 
explanation can be applied to the parachor values of palladium or mercury in a homo- 
logous series of compounds. Mumford and Phillips (loc. cit.) have recalculated the 
average value of many atomic parachors, and consider that Sugden’s original value 
of 39 for the methylene group should be increased to 40. (In the present paper, 
Sugden’s amended value of 39-6 is used.) To obtain a constant value for palladium 
in each homologous series given in Table I, the value for the methylene group must, 
however, be greatly decreased, For instance, in the sulphide compounds (A) an increase 
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of 16 methylene groups from the methyl to the »-amyl member gives a decrease of 
43 units (from 36 to — 7) in the apparent parachor of palladium, or a mean value of 
2-7 per methylene group; in the phosphine and the arsine series [Table I, (B) and (C)], 
mean decreases of 2-0 and 2-2 respectively are similarly found for each methylene group. 
If, therefore, in calculating the sum of the parachors of all elements except palladium, the 
parachor of the methylene group is reduced throughout by 2-3 units to 37-3, a constant 
value for palladium in each of the three series is obtained, viz., 43 for the sulphide series 
(A), 48 for (B), and 40 for (C). Against this proceeding, however, it must be urged (i) that 
the value for the methylene group is remarkably constant in organic compounds, and is 
extremely unlikely to undergo so large a decrease in derivatives of aliphatic sulphides, 
phosphines, and arsines; (ii) a similar decrease applied to the palladium mercaptides 
[Table ITI (A)] gives a much lower value for palladium, which would not be sensibly changed 
by association of the molecule; and (iii) no such adjustment of unit parachors can explain 
the change in the value for mercury in its mercaptides [Table II (B)] where the change itself 
is falling to zero as the homologous series is ascended. 

Mumford and Phillips (loc. cit.) have applied “strain factors”’ to the calculated 
parachors of certain classes of organic compounds in order to obtain close agreement with 
the observed values, and find that electronegative groups, such as Cl, CN, CO,R, have 
negative strain factors; e.g., the groups or molecules CHCl,, CCl,, and CCl, have strain 
factors of — 3, — 6, and — 9 respectively,* whilst the corresponding bromo-groups have 
negative factors about 1-5 times larger. These negative strain factors are considered to 
represent a definite diminution in the molecular volume, caused either by a close and general 
packing of the atoms or groups within the molecule, or by a decrease in the effective size 
of certain of the constituent atoms. The negative strain factor of the chlorinated methanes 
is considered to be due to the second of these causes, #.¢., to a progressive decrease in the 
effective size of the carbon atom. 

Hammick and Wilmut (J., 1934, 22; this vol., p. 207) have shown that “ strain factors ”’ 
cannot account quantitatively for the negative parachor anomaly shown by several 
organic compounds, which is of ‘‘a variable kind unassociated with any particular 
structure,” but often appears to be connected with the accumulation of certain negative 
atoms or groups in the molecule, and also with the size of these substituting groups. 
Freiman and Sugden (J., 1928, 263) have shown that sulphonal, CMe,(SO,Et),, and trional, 
CMeEt(SO,Et),, have negative parachor anomalies of — 11-7 and — 22-4 respectively, 
which (it is now shown) are absent from the corresponding mercaptols, but the singlet 
link explanation applied by these authors to their sulphonal compounds cannot be applied 
to many of the compounds cited by Hammick and Wilmut. 

In spite of the latters’ criticism of the quantitative application of strain factors, it is 
probable that the gencral explanation of negative parachor anomalies put forward by 
Mumford and Phillips applies also to the palladium and the mercury compounds now 
described. In order to demonstrate clearly the progressive negative anomaly shown 
by the homologous series of these metals (Tables I and IT), this anomaly has been calculated 
as if it were due entirely to the constituent metallic atom. Actually, however, it is 
extremely unlikely to be due to a progressive decrease in the effective size of the metallic 
atom itself (in view of the negative parachor which the metallic atom sometimes shows), 
but to a decrease in the size of the molecule as a whole, #.¢., to the first of the two causes 
put forward by Mumford and Phillips. It must be remembered that the parachor is a 
measure of the molecular volume at constant surface tension, 7.e., under conditions where 
normally the intermolecular forces are constant. Its remarkably additive nature, when 
applied to most organic compounds, is due to the fact that the molecules of these com- 
pounds consist essentially either of chains or rings, which in the liquid state can lie 
compactly together, no abnormal intermolecular forces being involved. The complex 
compounds listed in Table I, by virtue primarily of their ¢vans-uniplanar configuration, 

* The negative anomaly of this particular series arises when the theoretical parachors are calculated 
on Mumford and Phillips’s constants, but almost disappears if Sugden’s revised constants are used. 
This does not apply, of course, to many of the compounds possessing negative anomalies cited by Mum- 
ford and Phillips, 
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will apparently not fit compactly together in the liquid state, and hence an abnormally 
high intermolecular compression throughout the series is required to maintain the constant 
surface tension, and the complete molecule is thus showing a correspondingly small volume. 
The same factor probably determines the low parachor values of the mercury mercaptides, 
lor if these values were determined solely by a decrease in the effective volume of the 
mercury atom when linked to the two electronegative sulphur atoms, the negative anomaly 
would probably be almost constant throughout the series; on the other hand, if the 
molecules as a whole were undergoing general compression, due to their inability to fit 
compactly in the liquid state, it would be expected that, as the homologous series was 
ascended, this compression would at first steadily increase, but later, as the organic nature 
of the molecule became more pronounced, would ultimately reach a constant value, further 
increase in the methylene chain having no perceptible additional effect on the change 
in the intermolecular forces. It is probable that the negative anomaly shown by the 
palladium compounds in Table I would also ultimately attain a constant value, but the 
point at which this occurred would be considerably further up the series than in the simpler 
mercury mercaptides. To obtain further evidence on this subject, a detailed investigation 
is now being made of the complex aurous and cuprous derivatives of the phosphines, 
arsines, etc., of type R,P-> AuCl and R,P->Cul, in which the metal shows a co-ordination 
number of 2. These compounds, which represent the simplest type of complex deriv- 
atives, are fusible without decomposition, and their parachors also exhibit marked negative 
anomaly. 

Several points of considerable interest, apart from the parachor results, have arisen 
in this investigation. No evidence of cis—trans-isomerism has been detected in any of the 
compounds whose parachors are given in Table I, and the assumption that they are all the 
stable ¢rans-compounds is strongly supported by the dipole moments of the three ethyl 
compounds of the chloro-series, viz., 2-27, 1-05, 1-04 (x 1078) for the sulphur, phosphorus, 
and arsenic compounds respectively. The symmetrical trans-compounds should have a 
dipole moment closely approaching zero, whereas the cis-isomerides should have very high 
moments. The higher moment of the first compound, compared with those of the other 
two, is probably due to the co-ordinated phosphorus and arsenic atoms being each at the 
centre of a tetrahedron, which therefore rotates symmetrically about the co-ordinate link 
joining these elements to the palladium, whereas the sulphur atom is at the apex of the 
tetrahedron, which therefore rotates unsymmetrically about this link; moreover, as 
suggested by Dr. L. E. Sutton, the two ethyl sulphide molecules may rotate relative to 
one another about the axis formed by the two érans-co-ordinate links, and so set up a 
moment similar in cause to that of s.-dichloroethane. The bistrimethylarsinepalladium 
dichloride, whose m. p. is too high for parachor measurements to be made, may, however, 
have the exceptional cis-configuration. It is significant that this methyl compound is 
pale yellow, whereas all the higher homologues prepared were deep orange; * moreover, 
the crystals of the trimethylarsine compound possess strong pyro- and piezo-electric effects, 
which are usually absent from symmetrical ¢rans-compounds. This compound, whose 
configuration is being fully investigated, is of further interest because it separates from 
solution in enantiomorphous crystals: the optical activity is due, of course, to the 
arrangement of the molecules in the crystal, and disappears on dissolution. B's 

The tri-n-amylarsine compound (Table I) is the first pure palladium compound, liquid 
at room temperature, to be discovered, although there is evidence that the higher members 
of the sulphide and phosphine series are also liquid. The phosphine compounds have the 
novel property of being volatile at atmospheric pressure, and can be freely distilled in 
a high vacuum without decomposition. The arsine compounds decompose on heating, 
even in a high vacuum, and the nature and constitution of the very interesting products 
thus obtained will be discussed later. 

* Triethylarsine readily co-ordinates with platinous chloride to give the white and the yellow 
isomeric form of [(Et,As),PtCl,] (Cahours and Gals, Compt. rend., 1870, 71, 208), yet repeated attempts 
by one of us (F. G. M.) to prepare similar isomerides of [(Me,As),PtCl,] have given solely the white form, 
which, by analogy with similar platinum compounds (cf. Cox, Saenger, and Wardlaw, J., 1934, 182), has 
presumably the cis-configuration. 
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An homologous series of dialkylsulphidepalladium dinitrites, [(R,S),Pd(NO.).], which 
has also been prepared, is in one respect in marked contrast with the corresponding 
dichlorides, for the methyl compound has m. p. 138°, whilst the ethyl, -propyl, -buty], 
and n-amyl compounds have m. p.’s 161°, 164°, 165°, and 163° respectively. This remark- 


O 


7 

able constancy in m. p. is presumably due to the co-ordinate link in the -N—O group, 
although it is not clear why the co-ordinate link in this position, as distinct from that 
joining the sulphide molecules to the palladium atoms, should arrest completely the steady 
fallin m. p. which is a normal feature of the three homologous dichloride series (Table I). 

Palladium diphenylmercaptide, of empirical formula Pd(SPh),, was prepared in order 
to extend the series given in Table II (A) : it proved to be a bright vermilion, amorphous 
powder, which on heating darkened and finally decomposed, giving a residue of metallic 
palladium, and was therefore useless for parachor measurements. It has, however, 
considerable analytical value. It is precipitated quantitatively when thiophenol is added 
to an aqueous solution of potassium chloropalladite, and the precipitate can be washed, 
dried, and ignited, the palladium being thus directly estimated as the metal; it can also 
be used for the micro-estimation of palladium, for an aqueous solution of a palladochloride 
containing even 0-5 part of palladium per million gives a pronounced coloration, which 
can be matched against that produced by a standard solution. Moreover, no similar 
colour is developed when thiophenol is added to aqueous solutions of complex or simple 
salts of silver, gold, rhodium, platinum, or iridium, and the reagent can therefore be used 
both to detect and to estimate palladium in the presence of these metals, although micro- 
estimation cannot be carried out in the presence of excess of their coloured salts. The 
mercaptide is insoluble in all the usual organic liquids, and is precipitated when thiophenol 
is added to alcoholic or acetone solutions of many of the palladium compounds (particularly 
the sulphide derivatives) described in this paper. This remarkable ability to decompose 
these very stable compounds and to precipitate the mercaptide, coupled with its insolubility 
and high decomposition point, shows that the mercaptide almost certainly has not the 
simple formula Pd(SPh),, but that considerable and very stable association, probably of 
the type shown in (IV), occurs, giving a compound of high molecular weight. 


EXPERIMENTAL. 


The names of solvents used for recrystallisation are given in parentheses immediately after 
the name of the substance concerned. Unless otherwise stated, molecular-weight determinations 
were cryoscopic and benzene was used as solvent. 

The crystallographic and dipole data were provided by Dr. Nora Wooster (Cambridge 
University Crystallography Department) and Mr. A. E. Finn (The Dyson Perrins Laboratory, 
Oxford University) respectively, and are gratefully acknowledged. 

The preparation and properties of the organic sulphides, mercaptans, phosphines, and 
arsines are given first, followed by those of their metallic derivatives. 

Surface tensions were determined throughout by the method of maximum bubble pressure 
(Sugden, J., 1922, 121, 858; 1924, 125, 27) in Pyrex-glass apparatus. For surface-tension 
determinations upon liquids at room temperature (and for some of the earlier metallic deriv- 
atives at higher temperatures) Sugden’s usual apparatus, maintained at constant temperature 
in a thermostat or oil-bath, was used. For the remainder of the determinations, a similar 
apparatus was used, but to its body was fused a glass jacket having inlet and outlet tubes at the 
top and bottom respectively, a thermometer being fitted in the annular space. The vapour 
of a suitable liquid (e.g., acetone; alcohol; water; s.-tetrachloroethane, b. p. 145°; o-chloro- 
toluene, b. p. 157°) was then blown vigorously through this space, and the molten substance 
was thus rapidly brought to a constant temperature: repeated tests showed that this was 
attained within 5 mins. of fusion. Each instrument was regularly recalibrated upon pure 
benzene, but the constants were found not to vary by more than 0-2% over a long period. 
Duplicate determinations, made with various of the metallic compounds, and in the jacketed 
apparatus most frequently employed, gave surface-tension values which varied by less than 
0-3%; but similar duplicate determinations in both forms of the apparatus gave values having 
a maximum variation of 0-7%. 
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Densities of liquids were determined by means of ordinary pyknometers, those of molten 
solids by Sugden’s graduated U-shaped pyknometer (J., 1924, 125, 1171); the arms of the latter 
(for all but the earlier determinations) were securely fitted at the top through a cork, so that 
the lower portion could be held in a flask through which the vapour of a boiling liquid could again 
be blown. The densities could thus be determined at temperatures identical with those used 
for the surface-tension measurements, and a density equation was therefore not required. Two 
such pyknometers were used : duplicate determinations with either pyknometer alone gave 
— having a maximum variation of 0-1%, and with both pyknometers a maximum variation 
of 0-15%. 

To estimate the accuracy of the final molecular parachor values, Sugden’s equation [P] = 
My* /D must be considered. Clearly, if the maximum error in the density values is taken as 
+ 01%, and in the surface tension as + 0-5%, that in the final molecular parachor is + 0:2%, 
although all these are generous estimates. It follows that for a typical metallic derivative 
having a parachor of about 1000 (e.g., bistri-n-propylphosphinepalladium dichloride, 
C,,H,,Cl,P,Pd), the maximum experimental variation is 4-5 units. The maximum error in the 
calculated value is rather greater, for the value for the CH, group has probably a maximum 
error of 0-2 unit, and that for the chlorine, phosphorus, and arsenic atoms an error of 0-5 unit : 
hence the total error in the calculated parachor of such a compound is 5—6 units. The 
maximum error in the difference between the calculated parachors of two consecutive members 
of any of the homologous series is very much less; this difference now involves only 2, 4, or 
6 methylene groups (according to the series concerned) and the maximum error is only 1—2 
units. The observed difference in the parachor of palladium or mercury in two such consecutive 
members is usually about 9 units, and is thus considerably outside the experimental and 
calculated error. 

All parachors of the following organic liquids, unless otherwise stated, were determined 
at 24°. 

Sulphides. Kahlbaum’s preparations of the diethyl, the dimethyl, and the methyl ethyl 
compound were carefully rectified to constant b. p. Other aliphatic sulphides were prepared 
by a modification of Winssinger’s method (Bull. Soc. chim., 1887, 48, 109), the corresponding 
pure alkyl bromide (2 mols.) being added slowly to a boiling mixture of powdered anhydrous 
sodium sulphide (2-5—3-0 mols.) and rectified spirit. After 3—4 hours’ further boiling, the 
alcohol was distilled off on a water-bath. The lower sulphides volatilised in the alcohol and 
were isolated by addition of water to the distillate; the higher sulphides remained in the 
distilling flask and were isolated by addition of water and extraction with ether, distillation of 
the dried ethereal solution giving the almost pure sulphide. All liquid sulphides were 
subsequently fractionated until pure: n-propyl (Winssinger, /oc. cit.), b. p. 139°, d* 0-84315; 
isopropyl (Beckmann, J. pr. chem., 1878, 17, 459), b. p. 120°; n-butyl (Grabowsky and Saytzeff, 
Annalen, 1874, 171, 253), b. p. 185-0—185-5°, d 0-8352; y (dynes/cm.) 26-45, [P] 395-5 (Calc. : 
397-7); isobutyl, b. p. 174°, d 0-8301, y 24-90, [P] 392-8 (Calc. : 397-7); n-amyl, b. p. 108— 
109°/15 mm. (Found: S, 18-5. Cy 9H,2S requires S, 18-4%), d 0-8408, y 27-60, [P] 474-8 (Calc. : 
476-9). Di-n-amylsulphoxide was prepared by adding the sulphide (10g.) to cold nitric acid (d 1-42; 
40 c.c.), an oily layer separating on the surface. The mixture was ultimately diluted with water, 
and the oil extracted with ether. Distillation of the dried extract gave the sulphoxide, b. p. 
163—164°/16 mm., m. p. 60° after recrystallisation from light petroleum (Found: S, 16-9. 
CioHy,0S requires S, 16-8%). 

The -hexyl sulphide had b. p. 136—-138°/20 mm., d 0-8447, y 27-83, [P] 549-2 (calc., 550-4). 
n-Heptyl bromide was obtained by adding phosphorus tribromide (110 g., 1-2 mols.) to pure »- 
heptyl alcohol (110 g., 3 mols.), the mixture being mechanically stirred for 1 hr. below 10° and 
for 1 hr. at room temperature; after being kept over-night, it was poured into ice-water (1 1.), 
30% sodium hydroxide solution (100 c.c.) added, and the bromide steam-distilled ; when dried 
and fractionated, it had b. p. 178—179°; yield, 110 g. (65%). The »-heptyl sulphide (Wins- 
singer, Bull. Acad. Roy. Belg., 1887, 14, 760) had b. p. 164°/20 mm., d 0-8402, y 28-61, [P] 
633-6 (Calc.: 635-3); and m-octyl sulphide (prepared from the bromide, b. p. 198—200°; 
Méslinger, Annalen, 1877, 185, 59) had b. p. 184—185°/20 mm., d 0-8409, y 29-10, [P] 713-5 
(Calc. : 714-5). 

Phenyl n-butyl sulphide. Thiophenol (8-2 g., 1 mol.) and n-butyl iodide (13-8 g., 1 mol.) 
were added in turn to a solution of sodium (1-8 g., 1 atom) in absolute alcohol (75 c.c.), and the 
mixture boiled for 3 hrs. under reflux. Distillation removed the alcohol and then gave the 
sulphide as a colourless liquid, b. p. 137—139°/12 mm. (Found: S, 19-2. C, 9H,,S requires S, 


* Here and elsewhere, d is the D of the parachor equation above. 
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19°1%), d 0-9792, y 34-02, [P] 409-7 (Calc. : 411-8). The iso-isomeride, prepared similarly, was 
a colourless liquid, b. p. 126—127°/12 mm. (Found: S, 19-3%). Diphenyl sulphide, prepared 
by Boeseken’s sulphur monochloride method (Rec. trav. chim., 1905, 24, 217), was a colourless 
oil, b. p. 153°/12 mm., d* 1-1212, y!* 44-21, [P] 428-1 (Calc. : 425-9). 

ay-Bis(phenylthio) propane, CH,(CH,*SPh)., was prepared by adding thiophenol (11 g., 2 mols.) 
and trimethylene dibromide (10-1 g., 1 mol.) in turn to a solution of sodium (2-3 g., 2 atoms) in 
absolute alcohol (100 c.c.); the solution was boiled for 2 hrs., the alcohol distilled off, and the 
residue extracted with benzene. The dried benzene solution on fractionation gave the dithio- 
compound as a pale yellow (almost colourless) oil, b. p. 264°/12 mm. (Found: S, 25-0. 
C,5H.6S, requires S, 24-6%). 

aa’-Bis(phenylthio)acetone, CO(CH,*SPh),, prepared similarly irom aa«’-dichloroacetone, 
formed colourless crystals, b. p. 256—260°/12 mm., m. p. 43° after recrystallisation from alcohol 
(Found: C, 65-5; H, 4-84. C,;H,,OS, requires C, 65-7; H, 5-1%). 

Acetone bisethylmercaptol (Baumann, Ber., 1885, 18, 887) had b. p. 84-5—85-0°/20 mm., 
d 0-9441, y 28-67, [P] 402-3 (Calc. : 406-6; or, after allowance of — 3 for the gem.-dialkyl group, 
403-6). Methyl ethyl ketone bisethylmercaptol, similarly prepared, was a colourless liquid, b. p. 
99—100°/18-5 mm. (Found: S, 35-8. CgH,,S, requires S, 35-9%), d 0-9446, y 29-63, [P] 439-7 
(Calc. : 446-2; or 443-2 after allowance as before). 

Thiols.—The following general method of preparation was adopted: the pure alkyl bromide 
(0-7 mol.) was added to a solution of sodium (1 atom) in absolute alcohol, previously saturated 
with hydrogen sulphide, and the mixture kept over-night. For the lower thiols, the mixture 
was distilled, and the thiol, which volatilised with the alcohol, was isolated by dilution of the 
distillate with water. For the higher thiols, the reaction product was largely diluted with 
water, and the thiol extracted with a little ether. In all cases, the dried product was 
carefully fractionated. It is noteworthy that on ascending the homologous thiol series, atmo- 
spheric oxidation to the disulphide becomes negligible after the C, member, whilst the odour 
decreases sharply after the C; member, the ”-hexy]l derivative having only a faint smell. 

n-Propylthiol (Roemer, Ber., 1873, 6, 784) had b. p. 61—63°; n-butylthiol, b. p. 97—97-5°; 
and n-amylthiol (Pexsters, Bull. Acad. Roy. Belg., 1906, 796) b. p. 124-5—125°, d 0-8414, 
y 22-69, [P] 280-6 (Calc. : 278-9). The m-hexyl member was prepared by the series of reactions 
n-C,H,, Br —> n-C,H,,°OH — n-C,H,,Br —> n-C,H,,°SH: into m-amylmagnesium bromide 
(1 mol.; prepared from the bromide, 80 g., magnesium, 13 g., and dry ether, 230 c.c.) was blown 
the vapour obtained by heating paraformaldehyde (27 g., 1-7 mols.) (cf. Ziegler, Ber., 1922, 
55, 3406); after 1 hr., the reaction mixture was decomposed with ice and dilute sulphuric acid, 
the ethereal layer separated, and the aqueous layer extracted with ether. The united ethereal 
extracts were dried and distilled, and the m-hexy]l alcohol thus obtained (b. p. 153-5—154-5°/ 
768 mm.) was converted by the general method into the bromide (b. p. 154°) and thence into 
the thiol, b. p. 146—147° (Henry, Bull. Acad. Roy. Belg., 1905, 158), a colourless, almost 
odourless hquid. 

n-Heptylthiol (Winssinger, loc. cit.) had b. p. 66—67°/20 mm., 171—172°/760 mm., d 0-8384, 
y 27-35, [P] 360-3 (Calc. : 358-1); it was almost odourless. m-Qctylthiol had b. p. 86°/15 mm., 
d 0-8393, y 28-02, [P] 400-2 (Calc. : 397-7). 

Phosphines.—These were obtained by the Grignard reaction, triethylphosphine by the 
method of Hibbert (Ber., 1906, 39, 161), and the others by those of Davies and Jones (J., 1929, 
33) and Davies, Pearse, and Jones (ibid., p. 1262). The ethyl member had b. p. 127°, the 
n-propyl, b. p. 85-5—87-0°/24 mm., and the m-butyl, b. p. 129—130°/22 mm., 136—137°/ 
32-5 mm. 

From 78 c.c. of m-amyl bromide, Davies and Jones obtained only 9 g. of tri-n-amylphosphine 
as a liquid, b. p. 185-5°/50 mm., but we have regularly obtained yields of 17—18 g., b. p. 165— 
166°/19 mm., m. p. 29°; this is the lowest tertiary phosphine to be solid at room temperature. 
Unless the phosphine is kept in a sealed tube, it is readily oxidised, first becoming liquid, and 
then depositing long, very deliquescent needles of tvi-n-amylphosphine oxide, m. p. 59° (Found : 
C, 69-5; H, 12-3. C,;H,,OP requires C, 69-2; H, 12-7%). 

Triethyl phosphite, prepared in excellent yield by the method of Milobendzki and Sachnowski 
(Chem. Polski, 1917, 15, 34), had b. p. 55°/19 mm., 154-5—155-5°/755 mm., d 0-9604, y 24-10, 
|P] 382-9 (Calc. : 383-2). 

Arsines.—These were prepared by the method of Dyke and Jones (J., 1930, 2426). The 
compounds used had the following constants: trimethyl, b. p. 51—52°; triethyl, b. p. 138— 
139°; tri-nv-propyl (not recorded by Dyke and Jones), b. p. 85—86°/18-5 mm. (41 g. were 
obtained from 115 g. of the iodide); n-butyl, b. p. 133°/23 mm. [Dyke and Jones obtained 10 g. 
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of this arsine from 69 g. of bromide, but 23 g. have now been obtained from the equivalent 
quantity (92-7 g.) of iodide]; »-amyl, b. p. 162°/14-5 mm., 164°/16 mm. 

Metallic Derivatives.—For certain of the earlier compounds (notably the sulphide derivatives) 
a number of density determinations were made, and an equation deduced in order to determine 
the densities at the various temperatures at which the surface tensions were measured. For 
most compounds, however, the densities and surface tensions were determined at the same 
temperatures (in the vapour-jacketed apparatus): in such cases the various temperatures 
(¢°) are given first, followed by the densities, surface tensions, and parachors at these temper- 
atures. Unless otherwise stated, the m. p. of the compound after parachor determinations 
was never more than 0-5° below that of the original sample. 

Bis(dialkylsulphide)palladium Compounds.—Dichlorides, [(R,S),PdCl,] [Table I (A)}. Ardell 
(Diss., Lund, 1896; Z. anorg. Chem., 1897, 14, 143) prepared the methyl, ethyl, isobutyl, and iso- 
amyl compounds, and recorded m. p.’s of 130°, 78°, 95°, and 95° respectively : the other members 
arenew. Inthe general method of preparation, a mixture of the sulphide (2 mols.) and an aqueous 
solution of ammonium chloropalladite (1 mol.) was vigorously shaken mechanically for 2—3 hrs. ; 
the lower sulphides co-ordinated rapidly, but the higher members required prolonged shaking 
to ensure complete reaction. The solid product was separated, thoroughly washed with water, 
dried, and crystallised. All the aliphatic sulphide compounds were deep orange-red. The 
dimethyl compound (R = Me) formed deep red prisms from acetone, and hexagonal plates from 
benzene, m. p. 130° (Found: C, 15-9; H, 3-7; S, 21-5; M, in 1-618% solution, 284; in 3-836% 
solution, 292. Calc. for CsH,,Cl],S,Pd: C, 15-9; H, 4:0; S, 21-2%; M, 302); ¢ 143°, 156°; 
d 1-677, 1-658; y 43-53, 42-80; [P] 462-1, 463-2; mean, 463; [P]pa = 36. 

The methyl ethyl compound (R, = Me,Et) (ether, and then acetone) had m. p. 67° (Found : 
C, 21-6; H, 4-85. C,H,,Cl,S,Pd requires C, 21-8; H, 4-8%); it slowly decomposed on heating, 
and parachor measurements could not be made. 

The diethyl compound (R = Et) (petrol containing a little acetone) had m. p. 81° (Found : 
C, 26-8; H, 5-4; Pd, 29-5; M, in 1-592% solution, 348. Calc. for CgH,,Cl,S,Pd: C, 26-8; 
H, 5-6; Pd, 298%; M, 358); d®*° 1-459, d®° 1-452, d!93° 1-447, d'° 1-440, d¥8 1-433, d's 
1-419; whence d“ = 1-464 — 0-00085 (¢ — 82); ¢ 99°, 102°, 119-5°, 129°; d 1-450, 1-447, 
1-432, 1-424; y 38-24, 37-72, 36-14, 35-70; [P] 613-5, 612-8, 612-7, 614-3; mean, 613; [P]pa = 27. 


Dipole measurement on ethyl compound in benzene at 25°. 


fe d. 20", n* 361. Py. » 
0:004917 0°8825 23146 22650 192-28 87°77 
0:006574 0°8854 2-3298 22669 194°18 86°94 
0-007939 0°8877 23413 22678 193-87 85°59 
0-01043 0:8921 2°3623 2°2707 192-82 85°18 


ak’ 193°29 c.c.; oP, 86°38 c.c.; a eP: => 106°91 c.c.; = 2°27 x 10-18 e.S.u. The 


symbols have their usual significance. 


The di-n-propyl compound (R = Pr*) (acetone and then petrol) had m. p. 59° (Found: 
C, 34-6; H, 6-7; S, 15-2. C,sH,,Cl,S,Pd requires C, 34-8; H, 6-8; S, 15-4%); d?* 1-318, 
d®*° 1-310, d® 1-302, d'* 1-291, d!*° 1-284, d!2"° 1-279; whence d& = 1-323 — 0-00079 (¢ — 64); 
t 65-5°, 88°, 120°; d 1-322, 1-304, 1-279; y 34-72, 33-35, 29-90; [P] 760-2, 762-7, 756-9; mean, 
760; [P]pa = 16. 

The diisopropyl compound (R = Pr) (acetone and then ether) had m. p. 163°, which was 
too high for accurate parachor measurement (Found: Pd, 25-9; M, in 1-759% solution, 404; 
in 2-882% solution, 414. C,,H,,Cl,S,Pd requires Pd, 25-85%; M, 414). 

The preparation of the di-n-butyl compound required 12 hrs.’ shaking, and the mixture was 
then cooled in ice-water to ensure solidification of the red globules of crude material. The 
latter, when collected, washed, and dried, was twice recrystallised from a minimum of anhydrous 
methyl alcohol, the solution being chilled in ice-salt; m. p. 32° (Found: C, 40-9; H, 7-7; Pd, 
22-9. Cy gH 3,Cl,S,Pd requires C, 40-85; H, 7-7; Pd, 22-8%); ¢ 56°, 77°, 98°; d 1-243, 1-223, 
1-204; y 32-64, 30-97, 29-37; [P] 903-7, 906-3, 908-8; mean, 906; [P]pg = 4; d° = 1-265 — 
0-00093 (¢ — 32). It was very soluble in most organic liquids, but least so in methyl and ethyl 
alcohol. 

The diisobutyl compound (ether and then alcohol) had m. p. 97° (Found: C, 40-95; H, 7-4; 
S, 13-3. Calc. for C,gH,Cl,S,Pd: C, 40-85; H, 7-7; S, 13-6%); d* 1-180, d!@* 1-173, d* 
1-170, a> 1-157, d** 1-150; whence d@ = 1-188 — 0-00081 (¢ — 96); ¢ 102°, 119°, 130°; 
@ 1-183, 1-170, 1-161; y 27-98, 26-73, 26-20; [P] 913-4, 913-0, 915-6; mean, 914; [P]pq = 12. 
The di-n-amyi compound was prepared in a similar manner to the di-z-butyl compound, 
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which it closely resembled in properties; thrice recrystallised from a small quantity of methyl 
alcohol, with ice—water cooling, it had m. p. 41° (Found: C, 45-4; H, 8-35; Pd, 20-1. 
CopH,,Cl,S,Pd requires C, 45-65; H, 8-4; Pd, 203%); ¢ 56°, 77°, 99°; d 1-171, 1-156, 1-141; 

30-39, 28-77, 27-27; [P], 1054, 1054, 1053; mean, 1054; [P]pa= —7; ad = 1-186 — 
0-00071(¢ — 35). 

Similar compounds with m-heptyl and -octyl sulphides were prepared as oils which crystal- 
lised only when chilled to about 0°: their liquid condition was undoubtedly due primarily to 
their low m. p., and not to impurities. Because of the difficulty of complete purification, and 
the high value of their parachors, these were not determined. 

The compound (R = CH,'CH) from vinyl sulphide was prepared as an orange powder, which 
decomposed at room temperature whilst being dried in a vacuum. The phenyl n-butyl 
compound (R, = Ph, »-Bu), prepared by shaking together aqueous and alcoholic solutions of 
ammonium chloropalladite (1 mol.) and phenyl -butyl sulphide (2 mols.) respectively, and 
recrystallised from alcohol, formed orange needles, m. p. 118° (Found: C, 46-6; H, 5-4. 
CopH,,Cl,S,Pd requires C, 47-0; H, 55%). The isobutyl isomeride, similarly prepared and 
recrystallised, had m. p. 96° (Found: C, 46-8; H, 5-7%). 

The diphenyl compound (R = Ph), recrystallised from boiling acetone, in which it is only 
slightly soluble, formed orange needles, m. p. 170° (decomp.) (Found: C, 52-5; H, 3-6; Pd, 
19-2. C,,H.»Cl,S,Pd requires C, 52-4; H, 3-6; Pd, 19-4%); and the dibenzyl compound 
(R = CH,Ph) (alcohol and then acetone), prepared as the phenyl butyl analogue, formed 
orange needles, m. p. 154° (Found: C, 55-7; H, 4-5; S, 10-7; M, in 2-011% solution, 620. 
CygH,,Cl,S,Pd requires C, 55-5; H, 4-6; S, 10-6%; M, 606). No parachor determinations 
were made with the last four compounds. 

Dibromide, [(Et,S),PdBr,] [Table I (D)]. Ammonium chloropalladite (5 g., 1 mol.) was 
added to a solution of potassium bromide (20 g., 4-8 mols.) in water (80 c.c.); after 2 hrs.’ 
shaking, diethyl sulphide (3-3 g., 2-1 mols.) was added, and after a further 3 hrs.’ shaking, the 
precipitate was filtered off, washed with water, and dried. Bis(diethylsulphide)palladium 
dibromide (alcohol, then acetone) separated as deep red prisms, m. p. 103° (Ardell, Joc. cit., 
gives m. p. 98°) (Found: C, 21-8; H, 45. Calc. for C,H,,Br,S,Pd: C, 21-5; H, 45%); 
t, 109°; @1-7312; y 37-30; [P] 637-8; [P]pa = 23. 

The di-iodide, [(Et,S),PdI,], similarly prepared from potassium iodide, recrystallised from 
alcohol as purple-brown plates, m. p. 107—108° (decomp.), which slowly decomposed on 
exposure to air and were not further investigated. 

Dinitrites, [((R,S),Pd(NO,),]. Ardell (Joc. cit.) claimed to have prepared the methyl, ethyl, 
and isobutyl members, having m. p.’s 45°, 145°, and 155° respectively, but the m. p.’s of the 
first two compounds differ so markedly from those now determined that the identity of his 
compounds is unknown. 

In the general method of preparation, the corresponding dichloride was ground in a mortar 
with a saturated aqueous solution of 2—3 times its weight of sodium nitrite until the colour 
changed to a pale yellow. The product was kept for 2 hrs., and then collected, washed with water, 
dried, and recrystallised. All the members are pale yellow crystalline solids: dimethyl 
compound (R= Me) (acetone), m. p. 137—138° (decomp.) (Found: C, 15-0; H, 3-9. 
C,H,,0,N,S,Pd requires C, 14-9; H, 3-7%) ; diethyl compound (acetone), m. p. 161—163° (slight 
decomp.) (Found: C, 25-6; H, 5-35; Pd, 28-2; M, in 1-371% solution, 392. C,H,,O,N,S,Pd 
requires C, 25-4; H, 5-3; Pd, 28-2%; M, 379); di-n-propyl compound (alcohol), m. p. 163— 
164° (Found: C, 33-5; H, 6-6; Pd, 24-6. C,,H,,0,N,S,Pd requires C, 33-2; H, 6-45; Pd, 
24-6%) ; di-n-butyl compound (alcohol), m. p. 165—166° (Found: C, 38-9; H, 7-1; Pd, 21-7. 
C,¢H3,0,N,S5,Pd requires C, 39-1; H, 7-4; Pd, 21-75%); di-n-amyl compound (methyl alcohol, 
then petrol), m. p. 163° (Found: C, 44-1; H, 7-8; Pd, 19-45. C,,H,,O,N,S,Pd requires C, 
43-9; H, 8-1; Pd, 19-5%). 

It is noteworthy that the lower members of this homologous series are moderately soluble 
in hot water; on ascending the series, the solubility in water decreases rapidly, whilst that in 
most organic liquids increases considerably. The lower members decompose on melting, and 
parachor measurements were not possible : it is probable that such measurements could be made 
with the higher members. 

Bis(trialkylphosphine)palladium Compounds, [(R,P),PdX,].—Dichlorides [Table I (B)]. 
Cahours and Gals (Compt. rend., 1870, 70, 897) prepared the ethyl compound ; the others are new. 
The general method of preparation was precisely similar to that for the dialkyl sulphide series, 
except that the triethyl compound was prepared by adding triethylphosphine (2-5 mols.) to a 
solution of ammonium chloropalladite (1 mol.) in cold, freshly boiled water. A mixture of the 
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yellow dichloride and some brown scum separated and was filtered off; cautious addition of 
dilute ammonium chloropalladite solution to the clear colourless filtrate gave a further small 
crop of the yellow dichloride. The two crops were united and recrystallised from alcohol, in 
which the brown scum largely reverted to the dichloride. 

The triethyl compound (R = Et, X = Cl), m. p. 139°, sublimes readily without decom- 
position in a high vacuum at 140° (Found: M, in 1-273% solution, 399; in 3-098% solution, 
399. Calc. for C,,H,,Cl,P,Pd: M, 414); ¢ 157°; d 1-226; y 27-71; [P] 775; [P]pa = 22. 


Dipole measurement of triethyl compound in benzene at 25°. 


Ss d €25°, n? =... Fe oP: 


0:005058 0°8820 2°2865 2°2640 130°76 107°62 
0°006794 0°8848 2°2911 2°2659 130°31 107°38 
0°007570 0°8862 2°2927 2°2671 129°45 107°68 
0:009841 0°8897 2°2994 2°2697 130°81 107°66 


os 180°33 c.c.; oPs, 107-50 c.c.; Ps — oP, = 23:74 c.c.; p= 106 <X 10** €.s.u. 


The tri-n-propyl compound (alcohol) had m. p. 96°, b. p. 183°/3 x 10° mm. (Found: C, 
43-45; H, 8-4; Pd, 21-5. C,,H,,Cl,P,Pd requires C, 43-4; H, 8-5; Pd, 21-4%); ¢ 100°, 145°, 
157°; d 1-1439, 1-1095, 11006; y 27-40, 24-03, 23-15; [P] 995-6, 993-5, 993-2; mean, 994; 
[P]pa = 3; d® = 1-1469 — 0-00076 (¢ — 96). It formed pale yellow, monoclinic, flattened 
parallelepipeds; extinction direction inclined about 16° to the c axis; d (by flotation) 1-273. 
[t showed no pyroelectric effects. Oscillation photographs showed the cell dimensions to be 
a = 8:8, b = 17-6, c = 8-8 A., 8 = 83°, hence there are 2 molecules per unit cell. 

The ¢tri-n-butyl compound (alcohol), m. p. 66°, b. p. 198°/3 x 10° mm., was very soluble in 
most other solvents (Found: C, 49-6; H, 9-3; M, in 1-408% solution, 572; in 3-733°% solution, 
572. C,,H;,Cl,P,Pd requires C, 49-5; H, 9-35%; M, 582); ¢ 78°, 99°, 145°, 157°; d 1-0939, 
1-0782, 1-0430, 1-0325; y 27-41, 25-76, 22-44, 21-72; [P] 1218, 1216, 1215, 1217; mean 1217; 
[P]pq = — 12. The ¢éri-n-amyl homologue, when thrice recrystallised from alcohol, had m. p. 
47°, b. p. 211°/78 x 10“ mm. (Found: C, 54:35; H, 10-3; Pd, 16-4. C,,H,,Cl,P,Pd requires 
C, 54-05; H, 10-0; Pd, 16-0%); ¢99°; 41-025; y 24-92; [P] 1452; [P]pa = — 14. 

Dibromide. The itri-n-butyl compound [Table I (E)] was prepared precisely as the 
diethyl sulphide compound and twice recrystallised from alcohol; m. p. 73° (Found: C, 42-9; 
H, 8-1. C,,H,,Br,P,Pd requires C, 42-9; H, 8:1%); ¢ 78°, 99°; d 1-2405, 1-2221; y 28-04, 
26-12; [P] 1245, 1241; mean 1243; [P]pa = — 15. 

Di-iodide. The tri-n-butyl compound (alcohol, then acetone) formed magnificent dark orange 
plates, m. p. 64—65° (Found: C, 37-8; H, 7-1; C,,H,;,I,P,Pd requires C, 37-6; H, 7-1%); 
it decomposes slowly just above its m. p., and parachor measurements were valueless. 

Dinitrites. Aqueous sodium nitrite solution, when cold, has no appreciable action on the 
above phosphine dichlorides, but when mixed with an alcoholic solution of the dichloride and 
boiled, it soon converts it into the dinitrite, which may then be obtained by cooling and dilution 
with water. The tvi-n-propyl compound (acetone) formed white crystals having a faint yellow 
tint, m. p. 167—168° (partial decomp.) (Found: C, 41-7; H, 7-8; Pd, 18-5. C,,H,,O,N,P,Pd 
requires C, 41-6; H, 8-1; Pd, 18-3%). 

Bis(trialkylarsine)palladium Salis.—Dichlorides [Table I (C)]. The triethyl compound was 
prepared by Cahours and Gals (/oc. cit.); the others are new. The general method of prepar- 
ation resembled that of the corresponding sulphur and phosphorus compounds, ice being added, 
however, to the crude reaction mixture for the tripropyl and the tributyl compound towards the 
end of the shaking, to ensure complete solidification. Special precautions are required for the 
triamyl compound (g.v.). The trimethyl compound is pale yellow, the others deep orange. 

The trimethyl compound (alcohol containing a little acetone) had m. p. 235°, so no parachor 
measurements could be made (Found: C, 17-5; H, 4:5. C,gH,,Cl,As,Pd requires C, 17-2; 
H, 4:35%). It formed fine golden-yellow crystals, 2—3 mm. long, many in the form of five- 
sided prisms terminated by a single pyramidal face, others in irregular truncated pyramids. 
Goniometer measurements showed them to be triclinic, and enantiomorphous; very large 
variations (sometimes more than 1°) occurred in the angles, although the crystals were perfect 
in appearance and very sharp images were usually obtained. An easy but imperfect cleavage 
occurred parallel to (112). The pyro- and piezo-electric effects were very strong. The refractive 
indices, measured through naturally occurring prisms, varied from 1-820 to 1-678 for green 
light; dispersion was high—through the prism it was 1-722 for blue, 1-680 for green, and 1-675 
for yellow (Hg lines). The slow direction made an angle of about 22° with the prism edge. 
Pleochroism was marked : slow direction deep yellow, fast almost colourless. 
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The lattice was found by X-rays, using oscillation and Weissenberg photographs, to have the 
following dimensions: a = 8-84, b = 11-89, c = 6-33 A. (+ 0-05), « = 90°, B = 70°, y = 91°; 
d (by flotation) 2-14. Therefore there are two molecules per unit cell. The lattice is so nearly 
monoclinic that it is reasonable to treat it as such. Since (00) is halved, the space group 
is P2,. No decisive evidence for the configuration can be adduced. 

The triethyl compound (alcohol, thrice) had m. p. 116°; ¢ 128°, 156°; d 1-483, 1-455; 
y 30-18, 27-96; [P] 792-5, 792-9; mean, 793; [P]pa = 12. 


Dipole measurement on trigthyl compound in benzene at 25°. 


Ss d. €25°, n? Sie Pe: oPs 


0°005421 0°8874 2°2882 2°2657 135°19 113-49 
0°007525 0°8927 2°2943 2°2684 135°26 112°81 
0°008746 0°8958 2°2982 — 135°77 —_— 

0°01317 0°9067 2°3103 2°2765 135-06 112°88 


wo Ps, 135°32 c.c.; «Ps, 113°06 c.c.; PP, — ePs = 22°26 c.c.; p = 1°04 x 10° e.s.u. 


The tri-n-propyl homologue (alcohol, thrice) had m. p. 55° (Found: C, 36-8; H, 7:0; M, 
in 1-567% solution, 568; in 3-904% solution, 580. C,,H,,Cl,As,Pd requires C, 36-9; H, 7-2%; 
M, 586); ¢ 77°, 98°; d 1-349, 1-332; y 29-72, 28-10; [P], 1014, 1013; mean, 1014; [P]pa = 
— 5. The ¢ri-n-butyl compound (alcohol, thrice) had m. p. 54° (Found: C, 43-3; H, 8-05. 
Cy4H;,Cl,As,Pd requires C, 43-0; H, 8-1%); ¢ 77°, 99°; d 1-236, 1-219; y 27-70, 26-25; [P] 
1243, 1244; mean, 1243; [P]pg = — 14. 

The tri-n-amyl compound separated as an orange-red oil when ammonium chloropalladite 
was shaken with the arsine. This oil was extracted with ether, the solution dried over sodium 
sulphate, filtered, and the solvent evaporated ina vacuum. The oil was then crystallised from 
a small quantity of absolute methyl alcohol with ice-salt cooling. The orange crystals were 
then separated in a chilled filter, and dried in a vacuum desiccator at 0° for 48 hrs.; m. p. 10— 
11° (Found: C, 47-7; H, 8-5; Pd, 14-2. C,,H,¢,Cl,As,Pd requires C, 47-7; H, 8-8; Pd, 
14-15%); ¢ 24°, 77°, 99°; d 1-217, 1-170, 1-149; y 31-29, 26-64, 26-24; [P] 1466, 1464, 1472; 
mean, 1467; [P]pqa = — 27. 

Dibromide. The tri-n-propyl member [Table I (E)], prepared as the other bromide and 
twice recrystallised from alcohol, formed orange prisms, m. p. 49° (Found: C, 32-2; H, 61. 
C,sH,,Br,As,Pd requires C, 32-0; H, 6-3%); ¢ 56°, 78°; d 1-5442, 1-5210; y 32-07, 30-23; 
[P] 1040, 1040; [P]pqa = — 8. 

Dinitrite. The triethyl compound was prepared in a parallel manner to that of the phosphine 
dinitrite, and recrystallised from alcohol; m. p. 176—177° (no decomp.) (Found: C, 27-4; 
H, 5-4. C,,H,,0,N,As,Pd requires C, 27-5, H, 5-8%). 

Palladium Mercaptides, Pd(SR), [Table II (A)].—Hofmann and Rabe (Z. anorg. Chem., 1897, 
14, 294) prepared the ethyl compound; the othersarenew. Finely powdered ammonium chloro- 
palladite (1 mol.) was covered with chloroform, and a chloroform solution of the thiol (2-1 mols.) 
added; the solvent became orange and hydrogen chloride was evolved. After 12 hrs., the 
solution was filtered, the chloroform carefully volatilised, and the residue purified. All aliphatic 
members are deep reddish-orange in colour. 

For the ethyl derivative, the crude residue was warmed with dioxan, which dissolved 
impurities; the product so obtained decomposed without melting at ca. 250°, and was not further 
investigated. 

The n-propyl derivative (acetone then dioxan) formed small, needle-shaped, red crystals, 
m. p. 209—210°, freely soluble in chloroform and benzene, sparingly soluble in alcohol, acetone, 
and petrol (Found: C, 28-1; H, 5-45. C,H,,S,Pd requires C, 28-0; H, 5-45%). The high 
m. p. precluded parachor measurements. The crystals exhibited pleochroism, the slow direc- 
tion, which is parallel to the needle axis, being orange-yellow, the fast direction yellow. The 
refractive index, measured by means of a naturally occurring prism, was 1-794 for yellow and 
1-807 for green light; d (by flotation) 1-751. 

Oscillation and Weissenberg photographs showed that the lattice was triclinic, the cell 
dimensions being a = 14-3, b = 10-3, c = 11:3 A., a = 98°, 8 = 113-5°, y= 101°. There are 
therefore 6 molecules in the unit cell. 

The n-butyl compound (acetone, dioxan, and again acetone) formed needles, m. p. 142°, 
freely soluble in benzene, chloroform, and ether, slightly soluble in cold alcohol and acetone ; 
it can be recrystallised from petrol (Found: C, 33-5; H, 6-6; Pd, 37-4; M, in 1-276% benzene 
solution, 1204; in 3-198% solution, 1202; in 1-035% cyclohexane, 1995; in 2-854%, 1883; 
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in 0-800% bromoform, 936; in 2-216%, 1242. C,H,,S,Pd requires C, 33-7; H, 6-4; Pd, 37-5% ; 
M, 285); ¢ 157°; d 1-382; y 23-08; [P] 452; [P]pa = 6. After the complete parachor deter- 
mination, the m. p. had fallen to 124—130°, although no smell of disulphide, etc., was per- 
ceptible; the accuracy of the parachor value is therefore uncertain. 

The n-amy/ compound (acetone, thrice) formed needles, m. p. 83°, having solubilities similar 
to those of the lower homologue (Found: C, 38-2; H, 7-0; Pd, 34:2; M, in 1-196% benzene 
solution, 1361; in 2-595%, 1545; in 0-467% ethylene dibromide, 1574; in 1-319% cyclohexane, 
2054; in 3-196%, 2024; in 0-414% bromoform, 1187; in 1-098%, 1345. C,,H,.S,Pd requires 
C, 38-3; H, 7-0; Pd, 34-2%; M, 313); ¢ 143°, 57°; d 1-3020, 1-2894; y 22-58, 21-89; [P] 
524-0, 524-9. Prof. Sugden kindly checked the parachor value, and obtained the following 
results : ¢ 95-2°, 104-1°, 111-7°, 124-9°; d 1-3456, 1-3375, 1-3306, 1-3186; y 26-40, 25-62, 24-99, 
23-91; [P] 530-6, 529-6, 529-1, 528-3; d& = 1-4321 — 0-0009091¢. It is clear therefore that 
the parachor falls slightly but regularly with rising temperature. 

Diphenyl derivative. Thiophenol (2-1 mols.) was added to a dilute aqueous solution of 
ammonium chloropalladite (1 mol.), and the mixture vigorously shaken. The vermilion 
amorphous compound rapidly separated (leaving the solution colourless), and was filtered off, 
washed with water and acetone, and dried. On heating, it decomposed, giving metallic 
palladium (Found: C, 44-25; H, 3-3; Pd, 32-9. C,,H,,S,Pd requires C, 44-3; H, 3-1; Pd, 
32-85%). This compound was formed when thiophenol was added to alcoholic or acetone 
solutions of any of the sulphide derivatives listed in Table I (A); the phosphine derivatives 
(Table I (B)] were, however, unaffected, whilst the arsine derivatives [Table I (C)] gave unstable, 
deep red products of undetermined composition. 

Mercury Derivatives.—Diethylmercury (Gilman and Brown, J. Amer. Chem. Soc., 1930, 
52, 3314) had b. p. 53-7—53-8°/15 mm. (the b. p., 65—66°/18 mm., given by those authors is 
evidently an error); ¢ 24°; d 2-4583; y 35-44; [P] 256-8; whence [P]y, = 66-0. 

Di-n-amylmercury, prepared by method of Jones, Evans, Gulwell, and Griffiths (this vol., p. 
39), had b. p. 90-5°/1 mm., 144°/21 mm. The parachor was determined immediately after 
final rectification at the lower pressure, as the liquid slowly decomposes at room temperature, 
depositing mercury; ¢ 24°; d 1-6433; y 30-37; [P] 489-7; whence [P]y, = 61. 

Mercury Alkylmercaptides, Hg(SR), [Table II (B)].—Claésson (J. pr. Chem., 1877, 15, 205) 
and Otto (Ber., 1882, 15, 125) prepared the ethyl compound, and Roemer (Ber., 1873, 6, 784) the 
n-propyl compound; the others are new. The thiol (2 mols.) was added to finely divided dry 
mercuric oxide (1-2 mols.) covered with about 10 times its weight of alcohol. The mixture, 
which rapidly became warm, was occasionally shaken for 2—3 hrs., and was then heated under 
reflux on a water-bath for 1 hr. It was filtered hot, and the mercuric mercaptide, which 
crystallised on cooling, was recrystallised until pure. The solubility of the mercaptides in hot 
alcohol falls on ascending the series, and therefore after the amyl compound, benzene was 
used as a solvent in the preparation. All these compounds are white crystalline solids. 

The ethyl compound (acetone) has m. p. 77°, becomes cloudy at 170°, and decomposes at 
ca. 210° (Found: C, 14-8; H, 3-0. Calc. for CjH,S,Hg: C, 14-9; H, 3-1%); ¢ 78°, 99°; 
d 2-391, 2-354; y 37-15, 35-85; [P] 333-3, 335-5; mean, 334; [P]q, = 46. The molten material 
was very pale grey, suggesting that the reaction Hg(SEt), —-> Hg+S,Et, had occurred to a 
very small extent; the liquid on cooling, however, gave a pure white solid, which after the 
parachor measurements had m. p. 75-5—77-0°. The other mercaptides gave completely 
colourless liquids and showed no sign of dissociation; their m. p.’s, unless otherwise stated, were 
unchanged after the measurements. 

The n-propyl compound (acetone) had m. p. 67° (Found: C, 20-7; H, 3-6. Calc. for 
C,H,,S,Hg: C, 20-5; H, 4.0%); ¢ 77°, 99°; d 2-063, 2-027; +» 30-71, 29-54; [P] 400-2, 403-4; 
mean, 402; [P]yg = 35; the m. p. fell 0-5° during the determination. 

The n-butyl homologue (acetone) had m. p. 85° (Found: C, 25-1; H, 4-8; S, 16-8; MM, 
ebullioscopic, in 1-282% acetone solution, 396; in 2-367% benzene solution, 467; in 3-975%, 
495. C,H,,S5,Hg requires C, 25-4; H, 4-8; S, 16-9%; M, 379); ¢ 99°; d 1-820; y 26-82; 
[P] 475-0; [Plug = 29. The m. p. fell 1° during the determination. 

The n-amyl derivative (acetone, then benzene) had m. p. 66° (Found: C, 29-9; H, 5-45. 
CioH_.S,Hg requires C, 29-5; H, 5-5%); 477°, 99°; d 1-695, 1-669; y 26-48, 25-30; [P] 544-4, 
546-6; mean, 545; [P]yg = 20. 

The n-hexyl compound (benzene, thrice) had m. p. 58° (Found: C, 33-1; H, 5-9; M, in 
0:507% bromoform solution, 422; in 1-151%, 447. C,,.H,.S,Hg requires C, 33-1; H, 60%; 
M, 435); £78°, 99°; d1-5805, 1-5551; + 25-51, 24-32; [P] 618-4, 621-1; mean, 620; [P]y,g = 15. 
The n-heptyl derivative (benzene) had m. p. 75° (Found: C, 36-35; H, 65; S, 13-7. 
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C14Hy9S,Hg requires C, 36-3; H, 6-7; S, 13-8%); ¢ 77°, 99°; d 1-499, 1-474; y 24-97, 24-02; 
[P] 690-1, 694-5; mean 692; [Plug = 8. 

The n-octyl homologue (benzene) had m. p. 71° (Found: C, 39-4; H, 6-7; S, 13-1; M, 
ebullioscopic, in 1-548% benzene solution, 573; in 2-498%, 729; in 3-885%, 987; in 6-001%, 
1560. C,.H,,S,Hg requires C, 39-1; H, 7-0; S, 13-1%; M, 491); ¢ 77°, 99°; d 1-424, 1-405; 
y 25-06, 24-01; [P] 770-9, 773-1; mean, 772; [Plug = 9. 

Diethylsulphidemercuric chloride, [Et,S,HgCl,], was prepared in the hope that the parachor 
of co-ordinated mercury could be measured, but this was not achieved. Loir (Annalen, 1853, 
87, 369) and Abel (Z. physiol. Chem., 1894, 20, 269) give m. p. 90° and 119° respectively; Weg- 
scheider and Schreiner (Monaish., 1919, 40, 330) give m. p. 60—90° and composition 
Et,S,2HgCl,. Diethyl sulphide (2-3 g., 1 mol.) was shaken with saturated aqueous mercuric 
chloride solution (100 c.c., i.e., 7 g. or 1 mol.), and the white precipitate which immediately 
formed was collected and recrystallised from alcohol and then from acetone; m. p. 77-5— 
78-5°, easily soluble in hot alcohol, acetone, and benzene, sparingly in chloroform; yield 4-5 g. 
(Found: C, 13-2; H, 2-4. Calc. for CgH,,Cl,SHg: C, 13-7; H, 27%). On exposure to air at 
room temperature, diethyl sulphide was liberated and the m. p. rose; the decomposition was 
rapid on warming; e.g., after 6 hrs. at 60°, m. p. 115—117°; after 12 hrs., m. p. 132—136°, 
and the substance no longer melted to a clear liquid; hence the diversity of recorded m. p.’s. 


The authors are greatly indebted to Messrs. The Mond Nickel Co., Ltd., for a loan of 
palladium, and to the Department of Scientific and Industrial Research for grants. 
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367. The Absorption Spectra of Nitrophenylhydrazines. 
By A. KILLEN MACBETH and J. R. PRICE. 


FROM a qualitative examination of the absorption spectra of a series of phenylhydrazines, 
Baly and Tuck (J., 1906, 89, 982) concluded that #-nitrophenylhydrazine in neutral 
solution existed in the quinonoid form. Their deduction was based on the fact that the 
absorption curve of this compound differed considerably from those. of the other hydrazines 
examined, but was practically identical with that of p-nitroaniline, which had previously 
been assumed to be quinonoid on account of the coincidence of its absorption maximum 
with that characteristic of p-benzoquinones (Baly, Edwards, and Stewart, ibid., p. 515). 
The relatively complex nature of the reaction of o-nitrophenylhydrazines with bases 
(Macbeth and Price, J., 1934, 1637) led us to examine their absorption spectra for evidence 
of a tautomerism which might account for such behaviour. However, since the work 
was undertaken, Morton and McGookin (J., 1934, 901) have discussed the spectra of nitro- 
toluidines and related substances; and as the spectra of the nitrophenylhydrazines fall 
into line with the cases there recorded, it does not appear to be valid to ascribe a quinonoid 
structure to any of the compounds on the evidence of their absorption curves. 

In the absorption spectrum of nitrobenzene two inflexions appear (275—300 my, 
log e ca. 3-2; and 320—365 mu, log « ca. 2-3) in addition to the band of shorter wave- 
length characteristic of electronic excitation of the C—C system of the nucleus. The 
question thus arises whether these inflexions represent bands indicative of additional 
electronic energy levels associated with the nucleus, or are due to electronic excitation in 
the nitro-group. 

The same question arises with the nitroanilines and nitrotoluidines, the spectra of which 
show, in addition to the bands characteristic of the nucleus, well-defined maxima, the 
positions and intensities of which are readily traced to the relative positions of the nitro- 
and amino-groups (Morton and McGookin, Joc. cit.). The locations and intensities of these 
additional maxima in alcoholic solution are set out below, and it is apparent that the 
Amax. Tegion for the o-compounds differs markedly from that common to the m- and p- 
derivatives; but the latter may be differentiated by intensity differences, the ¢ values of 
the Angx, Of the -compounds being some ten times greater than those of the m-derivatives. 
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Amax., Mp. log e. 
IO icccikcuinsbeceecincsecs 407—417 3°5 —3°85 
STEUPUURRNIOD 6s ccccdcsccescdedecccss 352—375 3:07—3-°24 
P-Nitrotoluidines ............csceceeeeees 373—379 4°12—4°24 






Since these characteristic maxima do not appear in the simple nitro- or amino-com- 
pounds, it was concluded that they were due to an electron of the nuclear C—C system 
jointly influenced by the amino- and nitro-groups, or alternatively ‘‘ to an electron con- 
trolled by a nitrogen atom and influenced by unsaturation within the same molecule.” 
No solution of the question of the origin of such maxima was presented, but the spectra 
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of the nitrophenylhydrazines now provide definite evidence that the bands are due to an 
electron of the nitro-group influenced by the amino- or hydrazino-group. The maxima 
in these spectra (Figs. 1 and 2) are recorded in Table I, together with Morton and McGookin’s 










TABLE I. 
Ortho. Meta. Para. 
Solvent. Amax., My. log e. Amax., My. log e. Amax., Mp. log e. 
Nitrophenylhydrazines. 
Aqueous alcohol 438°5 3°8 387°5 2°89 398°5 4:08 
(20°, EtOH) 254 4°14 271 4°2 256°5 3°86 
Alcohol 429 3°78 387°5 3-12 382 4°21 
281°5 3°64 ca. 270 4:03 * 
252°5 4°1 







Nitroanilines. 








Alcohol 403°6 3°73 375 3°2 374 4°18 
275°2 3°71 233 4°26 
Nitrodimethylanilines. 
Water 441 3°29 385 2°99 422 4°34 
242 4°24 247 4°21 232°5 3°96 
Alcohol 416 3°47 400°3 3°13 386°5 4°33 
245°5 4°33 246 4°36 ca. 200 4°23 





* The curve of the p-compound indicates the existence of a band just outside the region of 


examination. 
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values for the nitro-anilines and -dimethylanilines (loc. cit.). Italicised numbers in the 
tables represent minor inflexions in the curves. 

The values of the A,ax, of the band of shorter wave-length common to all the curves 
of the nitrophenylhydrazines in aqueous-alcoholic solution are nearly the same; and it 
seems reasonable to attribute this absorption, as in nitrobenzene, the nitrotoluenes, 
benzonitrile, etc., to the electronic transition of the C—C system of the nucleus, the small 
differences being due to vibrational effects. The other ,,,, recorded for o-nitrophenyl- 
hydrazine differs markedly in location from the corresponding bands shown by the m- 
and the #-compound. This is true for both alcoholic and aqueous-alcoholic solutions of 
the nitrophenylhydrazines, and is in agreement with the spectra of the nitroanilines in 
alcohol and of the nitrotoluidines in either alcohol or water. Further, similar differences 
in the intensities of these bands of the m- and p-compounds are observed in all cases; 
e.g., the ratio of « for p- to m-compounds is approx. 10 for the nitroanilines in alcohol ; 
12 for the nitrophenylhydrazines in alcohol, and 16 in aqueous alcohol; and 16 for the 
nitrodimethylanilines in alcohol, and approx. 21 in water. 

It might be suggested that the difference in the 2,,,,, values should be interpreted as 
evidence of structural differences more profound than position isomerism, indicating, 
e.g., a benzenoid—quinonoid change. Such a view is untenable, for it would imply similarity 
in structure between the m- and p-compounds, since the positions of the maxima in these 
compounds are relatively close ; and m-quinones do not exist. Further, such a contention 
cannot be maintained in view of the close analogy presented by the spectra of the nitro- 
dimethylanilines. 

The results, moreover, can be accounted for on the assumption that the long-wave 
absorption is due to electronic excitation in the nitro-group influenced by the nuclear 
amino- or hydrazino-group. Hantzsch and Voigt (Ber., 1912, 45, 85), in the qualitative 
examination of the absorption spectra of a series of simple aliphatic nitro-compounds, 
showed that the true nitro-group (as distinct from the aci-form) is capable of weak selective 
absorption in the region Aca. 270—280 my. Regions of rapid extension (‘‘ kicks ’’) are also 
found in the qualitative curves of other nitro-compounds such as dibromodinitromethane, 
phenylbromodinitromethane, chloro- and bromo-nitroform, and nitroform itself in sulphuric 
acid (Graham and Macbeth, J., 1922, 121, 1109), the inflexions in these compounds being 
within the limits 4 ca. 250—290 mu. 

The view that the maxima of longer wave-lengths in the nitroamines and nitrophenyl- 
hydrazines are due to an electron controlled by the nitrogen atom of the nitro-group is 
supported by the spectra of 2 : 4-dinitrophenylhydrazine, 4 : 6-dinitro-m-tolylhydrazine, 
and 2: 4-dinitroaniline. The curves for these compounds are shown in Figs. 3—5, and 
the values are recorded in Table IT. 


TABLE IT. 


Aqueous alcohol (20% EtOH). Alcohol. 
MAX.» My. log €. p Mp. 


2 : 4-Dinitrophenyl- 
hydrazine 


hydrazine 


2 : 4-Dinitroaniline 


403 
366 
263 
410 
365 
281 
267°5 


4°04 
4°22 
4°05 
3°75 
3°98 
3°90 
3°97 


392 
352 
262 
395 
350 
279°5 
269 
261 
379 
337 
258°5 


A 
4 : 6-Dinitro-m-tolyl- 


If all the bands in the nitroamines and the nitrophenylhydrazines were due to electronic 
excitation of the C—C of the nucleus jointly influenced by the nitro- and amino-groups, 
the introduction of a further nitro-group would express itself merely by the change in 
position of the bands, or at most in the development of a new band as a consequence of 
increased complexity of the chromophore (compare carotene and other long conjugated 
ethylenic compounds). On the other hand, if it is postulated that the long-wave maxima 
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are due to an electron of the nitro-group influenced by the amino- or the hydrazino-group, 
it may reasonably be expected that in the dinitro-compounds the bands due to each of 
the influenced nitro-groups will persist and be capable of detection unless their locations 


43 


—+— 


260 290 320. 410 
Wave-length, mw. 
Fic. 3. 
: 6-Dinitro-m-tolylhydrazine in aqueous alcohol (20% EtOH). 
: 4-Dinitrophenylhydrazine in alcohol. 
Fie. 4. 
: 6-Dinitro-m-tolylhydrazine in alcohol. 
: 4-Dinitrophenylhydrazine in aqueous alcohol (20% EtOH). 
Fie. 5. 
2 : 4-Dinitroaniline in alcohol. 


are very close. Examination of the curves of 2 : 4-dinitrophenylhydrazine (A) and 4 : 6- 
dinitro-m-tolylhydrazine (B) shows that both the ortho- and the para-nitrohydrazino 
effects do persist in alcoholic and aqueous-alcoholic solutions, the former being characterised 
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by the inflexions at 392 my. (alcohol), 403 my (aqueous), and 395 my (alcohol), 410 mu 
(aqueous); and the latter by the bands at 352 my (alcohol), 366 my (aqueous), and 350 my. 
(alcohol), 365 my (aqueous) in the compounds A and B respectively. 

The positions of the maxima do not coincide exactly with those of the simple o- and 
p-nitrophenylhydrazines themselves, but this is to be expected as being the effect of intro- 
ducing an additional nitro-group into the nucleus. The displacement of the bands is 
approximately 2200 cm.-, and by applying this value to the nitroanilines the band positions 
in 2:4-dinitroaniline may be deduced. The good agreement between the values so 
calculated and the experimental results illustrates the analogous effect of the introduction 
of the nitro-group in that case also. 

my. cm."}, 
o-Nitrophenylhydrazine 429 23,300 
p-Nitrophenylhydrazine 382 26,200 
2 : 4-Dinitrophenylhydrazine 392 25,500 
352 28,400 
Displacement of the o-band 25,500 — 23,300 = 2200 
Displacement of the p-band 28,400 — 26,200 = 2200 
o-Nitroaniline 403°6 24,800 
p-Nitroaniline 374 26,700 
Whence, 2 : 4-dinitroaniline { 27,000 and 28,900 
Calc. or 370 and 346 
Found 379 and 337 


Although the curves of the nitrophenylhydrazines in alcoholic and in aqueous solution 
are similar in character, the positions of the maxima are appreciably altered (Table III). 
The displacements are in either direction, as found for nitroamines (Morton and McGookin, 
loc. cit.), and although a strict comparison cannot be made, aqueous-alcoholic solutions 
having been used instead of water for the hydrazines owing to solubilities, yet the A cm. 
values were, with two exceptions, generally of the same order as those recorded by the 


previous workers. 
TABLE III. 


Band displacements [alcohol —-> aqueous alcohol (20% EtOH)]. 


Nitrophenylhydrazines. 
A, Mp. cm.*. Acm.. A, Mp. cm., Acm.}, 


neal ii EN - oon wri 
429 ->438°5 23,300-> 22,800 —500/|281-5->254  35,500-> 39,400 +3900 
387°5-> 387-5 25,800-+25,800 -— | 252:5->271  39,600->36,900 —2700 

382 ->398°5 26,200-$25,100 —1100 
»<ameatens { 392 ->403  25,500->24.800 —700|352 ->366  28,400->27,300 —1100 
oh “e 262 +263  38,200-+38,000 —200 
4: 6-Dinitro- {395 410  25,300-> 24,400 —900 | 350 +365  28,600-+27,400 —1200 
ee 279°5 +281  35,800-> 35,600 —200 
oer | 269 ->267°5 37,.200->37.400 +200 








2: 4-Dinitroaniline was prepared by heating 2: 4-dinitrochlorobenzene with excess (2—3 
mols.) of urea at 200—210°. Excess urea was extracted with water on cooling, and the dinitro- 
aniline extracted with acetone and repeatedly recrystallised from aqueous acetone; m. p. 
179° (cf. Benda, Ber., 1912, 45, 56). 

Giua’s synthesis of 4: 6-dinitro-m-tolylhydrazine from hydrazine and 2: 4: 5-trinitro- 
toluene (Gazzetta, 1919, 49, ii, 166) affords no definite proof of the position of the substituents, 
so the compound was synthesised by the following steps : 


Me’ \NH Me’ cl Me” NCI Me” \NH-NH 
a it ‘2; ee NK Ko, Mai NORE: : 


The hydrazine precipitated on the addition of 50% hydrazine hydrate to a warm alcoholic 
solution of 5-chloro-2 : 4-dinitrotoluene was twice crystallised from alcohol and obtained as 
orange-yellow needles, m. p. 194—195°. It is thus identical with Giua’s compound. 

The other materials used were prepared by standard methods and rigorously purified. 


JOHNSON CHEMICAL LABORATORIES, 
UNIVERSITY OF ADELAIDE. [Received, September 23rd, 1935.] 





1568 Backeberg : The Interaction between 


368. The Interaction between Aromatic Diamines and Ethyl 
Acetoacetate. 


By O. G. BACKEBERG. 


THE interaction between primary aromatic monoamines and ethyl acetoacetate produces 
either 8-phenylaminocrotonic esters (reaction A) (Conrad and Limpach, Ber., 1887, 20, 
944) or acetoacetanilides (reaction B) (Knorr, Annalen, 1886, 236, 75) according to the 
conditions. The former compounds are converted into 4-hydroxyquinaldines by the 
action of heat (loc. cit.; Limpach, Ber., 1931, 64, 969), and the latter into 2-hydroxy- 
lepidines by the action of concentrated sulphuric acid (Joc. cit.). 

The reaction of o-phenylenediamine with ethyl acetoacetate investigated by Hinsberg 
and Koller (Ber., 1896, 29, 1500) is being further examined. With m-phenylenediamine, 
the product of reaction B was 5- or 7-amino-2-hydroxylepidine, as stated by Besthorn and 
Byvanck (Ber., 1898, 31, 796), but reaction A produced ethyl m-phenylenebts-B-amino- 
crotonate (1). 


NHX NHAc NH-CO-CH,Ac 


on ™ ‘¢ 


NH-CO-CH,Ac 
(I.) (II.) (III.) 
(X = CMe:CH-CO,Et) 


m-Aminoacetanilide gave ethyl 8-3-acetamidophenylaminocrotonate (II) in reaction A, 
and a tarry substance in reaction B. 

Knorr (Ber., 1884, 17, 545; 1886, 19, 3303) reported that p-phenylenediamine reacted 
with ethyl acetoacetate (reaction B) to form a product (III), m. p. 176°, which he was unable 
to convert into a quinoline derivative. In spite of numerous attempts under widely 
different conditions, it was not found possible to prepare this compound; whenever a 
crystalline product was isolated, it always had m. p. 135° and proved to be ethyl p-phenyl- 
enebis-B-aminocrotonate (IV). In both reactions A and B p-aminoacetanilide gave ethyl 
8-4-acetamidophenylaminocrotonate (V). 


(IV.) NHX{ NHX NHX€NHAc (V.) 
R R - 
(VI) NHX€ )—<_NHX NHAc{ >—<_NHX (VIII) 


Dianisidine and o0-tolidine with ethyl acetoacetate in reaction A gave ethyl 3: 3'-dimethoxy- 
diphenylene-4 : 4'-bis-8-aminocrotonate (VI, R = OMe) and ethyl 3 : 3’-dimethyldiphenylene- 
4 : 4'-bis-8-aminocrotonate (VI, R = Me) respectively. Benzidine gave ethyl diphenylene- 
4 : 4'-bis-B-aminocrotonate (VI, R = H), but the main product was the substance C,)H,,0,N,, 
m. p. 128°, described by Heidrich (Monatsh., 1898, 19, 690), which appears to be a double 
compound of two molecules of ethyl 4-aminodiphenyl-4’-8-aminocrotonate with one of 
ethyl diphenylene-4 : 4’-bis-8-aminocrotonate, 7.¢., 

(NH,°C,H,°C,HyNHX),,NHX-C,H,C,H,yNHX 
(VII). The presence of an amino-group in this complex was shown by its reacting 
instantaneously in benzene solution with acetic anhydride, forming ethyl 4-acetamido- 
diphenyl-4'-8-aminocrotonate (VIII), from which monoacetylbenzidine was readily obtained 
by hydrolysis. Under these conditions the crotonic esters obtained from dianisidine and 
o-tolidine did not react with acetic anhydride. 

All the crotonic esters described were very readily hydrolysed to their parent bases by 
the action of cold dilute mineral acids, but none of them could be converted into a quinoline 


derivative. 





Aromatic Diamines and Ethyl Acetoacetate. 


EXPERIMENTAL. 
(All the analyses except those marked with an asterisk were made by Pregl’s micro-methods.) 


Freshly purified amines and ethyl acetoacetate were used. 

Reaction A .—In the case of the phenylenediamines, the reactants were heated on a water-bath 
for 2 hours or left at room temperature for several days; with the diphenyl compounds the 
reaction was best carried out in methyl- or ethyl-alcoholic solution on a water-bath. 

Reaction B.—Numerous modifications of Knorr’s original procedure (/oc. cit.) have been 
suggested (Ewins and King, J., 1913, 103, 104; Pfeiffer, J]. pr. Chem., 1925, 111, 240; 1926, 
114, 26; Fierz-David and Ziegler, Helv. Chim. Acta, 1928, 11, 779; Limpach, Ber., 1931, 64, 
970; Naik and Thosar, J. Indian Chem. Soc., 1932, 9, 127), but they all have the disadvantage 
that consistent yields are not obtained, and sometimes, for no apparent reason, the yields are 
very poor. The following modification of Limpach’s method gave excellent yields with mono- 
amines, and was used by the author (J., 1933, 1031) but not described. The amine (1 mol.) 
was heated to about 200° and rapidly added to boiling ethyl acetoacetate (4 mols.) ; the vigorous 
reaction was completed by 2—3 minutes’ boiling. On cooling, the acetoacetanilide separated 
(more could be obtained from the mother-liquor by concentration under diminished pressure) 
and was pure after being washed with ether. The yield decreased if more than 10 g. of amine 
were used at a time. 

Ethyl m-Phenylenebis-B-aminocrotonate (I).—5 G. of m-phenylenediamine (1 mol.) and 
11-6 c.c. of ethyl acetoacetate (2 mols.) were heated on a water-bath for 2 hours. The viscous 
product was dissolved in alcohol and precipitated with water three times and then dried over 
phosphoric oxide (Found: C, 65-2; H, 7-1. C,,H,sO,N, requires C, 65-1; H, 7-2%). The 
same product was obtained from reaction B after removal of the excess of ethyl acetoacetate, 
and to obtain the lepidine derivative described by Besthorn and Byvanck (loc. cit.) it was 
necessary to heat the reactants in a sealed tube as described by these authors. 

Ethyl 8-3-Acetamidophenylaminocrotonate (I1).—2 G. of m-aminoacetanilide (1 mol.) and 
1-7 c.c. of ethyl acetoacetate (1 mol.) were heated on a water-bath for } hour and then left 
for several days over phosphoric oxide. The product (2-1 g.) crystallised from dilute methyl 
alcohol in small colourless needles, m. p. 92° (Found: C, 63-8; H, 6-6. C,,H,,0;N, requires 
C, 64-1; H, 6-9%). 

Ethyl p-Phenylenebis-B-aminocrotonate (IV).—5 G. of p-phenylenediamine (1 mol.) and 12 c.c. 
of ethyl] acetoacetate (2 mols.) were heated on a water-bath for 2 hours. After cooling, the 
melt solidified completely, the yield being quantitative. The solid crystallised from alcohol 
in colourless plates, m. p. 135° [Found : C, 65-0; H, 7-2; N, 8-5; M (Rast), 320-4. C,,H,,0,N, 
requires C, 65-1; H, 7-2; N, 8-4%; M, 332]. An aqueous suspension of (IV) gave no colour 
with ferric chloride, but with an alcoholic solution an intense dark-red coloration was produced. 
The compound was insoluble in caustic soda solution, and in alcoholic solution gave with hydro- 
chloric acid a crystalline precipitate of p-phenylenediamine hydrochloride (compare Knorr, 
loc. cit.) (Found: * HCl, 40-1. Calc. for C,H,N,,2HCl: HCl, 40-3%). Under the conditions 
described by Knorr (170° for 4 hours), a crystalline material could not be obtained. If, however, 
the tube was heated at 150° for } hour, the product was (IV); this compound, too, was formed 
in reaction B. 

Ethyl 8-4-Acetamidophenylaminocrotonate (V).—10 G. of p-aminoacetanilide (1 mol.) and 
8 c.c. of ethyl acetoacetate (1 mol.) were heated on a water-bath for } hour; the homogeneous 
melt solidified suddenly after 10 minutes. Crystallised from alcohol, the product formed large 
colourless plates, m. p. 185°. It was very readily hydrolysed by boiling with dilute alcohol 
(Found: C, 64-4; H, 6-5. C,,H,,0O,;N, requires C, 64-1; H, 69%). Reaction B formed the 
same product, but heating the reactants in a sealed tube at 140° for 5 hours gave 3 g. of a finely 
divided, crystalline, colourless residue (after removal of tarry decomposition products by 
extraction with alcohol), which was insoluble in the ordinary organic solvents and in mineral 
acids, except concentrated sulphuric acid, charred above 300°, and proved to be NN’-diacetyl- 
p-phenylenediamine (Found: C, 62-2; H, 6-0. Calc. for C,yH,,0,N,: C, 62-5; H, 6-25%). 

Ethyl 3: 3’-Dimethoxydiphenylene-4 : 4’-bis-B-aminocrotonate (VI, R = OMe).—3-3 G. of 
dianisidine (1 mol.) and 3-5 c.c. of ethyl acetoacetate (2 mols.) were refluxed in methyl-alcoholic 
solution for 6 hours. After 12 hours, 4-2 g. of a cream-coloured solid had separated, which 
crystallised from ethyl alcohol in small plates, m. p. 132—134° (Found: C, 66-7; H, 7-2; N, 
6-25. C,,.H3,0,N, requires C, 66-7; H, 6-8; N, 6-0%). 

Ethyl 3 : 3’-Dimethyldiphenylene-4 : 4’-bis-B-aminocrotonate (VI, R = Me).—7 G. of tolidine 
(1 mol.) and 8-5 c.c. of ethyl acetoacetate (2 mols.) were refluxed in methyl-alcoholic solution 
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for 7 hours. After 12 hours, a yellow solid had separated (10 g.); twice recrystallised from 
ethyl alcohol, in which it was fairly readily soluble, it was obtained as small colourless plates, 
m. p. 129—130° (Found: C, 71-9; H, 7-7; N, 6-9. C,,H;,0,N, requires C, 71-6; H, 7-3; N, 
6-4%). 

The Reaction between Benzidine and Ethyl Acetoacetate-——The yellow compound (VII) was 
best prepared by refluxing benzidine (1 mol.) with the ester (2 mols.) in methyl-alcoholic solution 
for 2 hours. The product had a constant m. p. 134° after two recrystallisations from methyl 
alcohol [Found : C, 71-9, 71-95, 72-1; H, 6-7, 6-7, 7-0; N, 8-5, 8-5; M (Rast),324. C,H,,0,N, 
requires C, 72-0; H, 6-8; N, 8-4%; M, 1000). The molecular weight was further determined 
by hydrolysing a weighed quantity of (VII) and estimating the benzidine as sulphate (compare 
van Loon, Rec. trav. chim., 1904, 23, 62); the sulphuric acid content of the sulphate so obtained 
was also estimated. Under these conditions the double compound (VII) would be expected 
to yield three molecules of benzidine [Found :* M, 330-5, 331; H,SO,, 34-7, 35-1. (VII) 
requires M, 333 if dissociated; C,,H,,N,,H,SO, requires H,SO,, 34-75%]. Numerous unsuccess- 
ful attempts were made to convert (VII) into the bis-crotonic ester (VI, R = H) by prolonging 
the reaction, raising the temperature, or using excess of ethyl acetoacetate; further, it was not 
found possible to separate the double compound into its constituents, although its reaction with 
acetic anhydride (see below), as well as the molecular weight determinations, indicates that it is 
readily dissociated. 

Ethyl Diphenylene-4 : 4’-bis-B-aminocrotonate (VI, R = H).—To isolate this compound from 
the above reaction, the following modified procedure was adopted: After the separation of 
(VII) had commenced (}$ hour), methyl alcohol was added in small quantities from time to 
time to keep the product in solution; refluxing was then continued for an hour. The solution 
was rapidly cooled with vigorous shaking, (VII) filtered off, and the filtrate kept over-night ; 
colourless needles of (VI, R = H) had then separated, m. p. 99-5—100° after two recrystallis- 
ations from methyl alcohol (Found: C, 70-8; H, 6-9; N, 6-9. C,,H,,0,N, requires C, 70-6; 
H, 6-9; N, 6-9%). 

Ethyl 4-Acetamidodiphenyl-4’-B-aminocrotonate (VIII).—5 G. of (VII) were dissolved in 
benzene, and 3 c.c. of acetic anhydride added to the cold solution. 3-5 G. of a solid separated 
which, after filtration and washing with ether, had m. p. 201° (Found : C, 70-9; H, 6-7; N, 8-45. 
Cyp9H2O3,N, requires C, 71-0; H, 6-5; N, 8-3%). When hydrochloric acid was added toa 
cold alcoholic solution of (VIII), a white precipitate of acetylbenzidine hydrochloride was 
formed; this dissolved when made alkaline with ammonia, and on addition of water and 
stirring, acetylbenzidine, m. p. 202° after crystallisation from dilute alcohol, separated 
(Found: C, 73-8; H, 6-4; N, 12-4. Calc. for C,,H,,ON,: C, 74:3; H, 6-2; N, 12-4%). 


The author thanks Prof. H. Stephen for his interest in the investigation, and Mr. R. R. 
Stewart for assistance with some of the experimental work. 


UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SOUTH AFRICA. [Received, August 15th, 1935.] 





369. Substituted Unsaturated Cyclic Ketones. 


By A. CoHEN and J. W. Cook. 


HAVING seen an announcement of a communication on the synthesis of substituted cyclo- 
hexenones (Rapson and Robinson, this vol., p. 1285), we wish to record the preparation 
of some compounds of this nature, carried out in the course of attempts to devise suitable 
methods for the synthesis of polycyclic hydroaromatic ketones related to the cestrogenic 
hormones. ; 

The method used for the synthesis of our ketones has been much used in terpene 
chemistry, and consisted in the elimination of hydrogen chloride from nitrosochlorides, 
with hydrolysis of the resulting oximes. Pyridine was found more suitable for this elimi- 
nation than the sodium acetate method which has been commonly employed. In this 
way 1-8-phenylethyl-A1-cyclohexene and 1-(@-1'-naphthylethyl)-A!-cyclopentene (Cook and 
Hewett, J., 1933, 1098) were converted into 2-8-phenylethyl-A?-cyclohexenone (1) and 2-(8- 
1’-naphthylethyl)-A?-cyclopentenone (II), respectively. 
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On account of the well-known suppression of anionoid reactivity of an ethylenic linkage 
by a conjugated carbonyl group, it was not anticipated that these ketones would undergo 
cyclisation to phenanthrene derivatives with the facility shown by the parent hydrocarbons. 
Nevertheless, the observations of Eaton, Black, and Fuson (J. Amer. Chem. Soc., 1934, 56, 


CO 
(IT.) 


La 
\ WYV\4 


687) on the addition of aromatic hydrocarbons and their derivatives to chalkones gave 
grounds for hope that cyclisation would be effected under more drastic conditions. In 
spite of many attempts, however, this has not yet been achieved. We are continuing this 
line of work, and other possible routes to polycyclic ketones are also under investigation 
in this laboratory. For example, Dr. C. L. Hewett is studying the behaviour of arylethyl- 
dihydroresorcinols under conditions which lead to cyclisation of $-keto-esters of suitable 
structure. 

The unsaturated ketone (II) gave no cestrous response when injected in 10 mg. doses into 
ovariectomised mice. We are indebted to Mr. F. Lloyd Warren for this observation. 
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EXPERIMENTAL. 
(Except in the case of the two liquid ketones, the analyses are microanalyses by Dr. G. Weiler.) 


1-8-Phenylethyl-A'-cyclohexene Nitrosochloride.—Dry hydrogen chloride was passed into a 
mixture of phenylethylcyclohexene (60 g.), glacial acetic acid (100 c.c.), anhydrous ether (100 
c.c.), and amyl nitrite (70 g.), the temperature being kept below 0°. The nitrosochloride (28-5 
g.) was collected, washed with ether, and recrystallised from benzene, forming colourless prisms, 
m. p. 1389—140° (Found: C, 66-7; H, 7-1. Calc.: C, 66-8; H, 7-2%). Fulton and Robinson 
(J., 1933, 1464) give m. p. 118—119°. 

2-8-Phenylethyl-A*-cyclohexenoneoxime.—A solution of the nitrosochloride (3 g.) in anhydrous 
pyridine (15 c.c.) was boiled for 2} hours. The solution was poured into dilute hydrochloric 
acid and extracted with ether, and the extract washed with sodium bicarbonate solution. 
The residue remaining after removal of ether from the dried solution crystallised from alcohol 
in large, colourless, flat needles, m. p. 118—120° after sintering at 115° (Found: C, 78-1; H, 
8-0; N, 6-6. C,,H,,ON requires C, 78-1; H, 8-0; N, 6-5%). 

2-8-Phenylethyl-A?-cyclohexenone.—A suspension of the aforesaid oxime (8 g.) in 6N-sul- 
phuric acid (48 c.c.) was boiled for 1} hours. The resulting oil was extracted with ether, from 
which solution the ketone (I) was isolated by distillation, and formed an almost colourless, 
refractive liquid, b. p. 125—130°/0-7 mm. (Found: C, 83-65; H, 8-3. C,,H,,O requires C, 
83-95; H,8-1%). This ketonegave an orange solution inconcentrated sulphuric acid, and formed 
a semicarbazone which crystallised from alcohol in colourless needles, m. p. 188—190° (Found : 
N, 16-3. C,;H,,ON; requires N, 16-3%). 

1-(8-1’-Naphthylethyl)-A'-cyclopentene Nitrosochloride.—A mixture of the cyclopentene (19-6 
g.), acetic acid (38 c.c.), ether (20 c.c.), and amyl nitrite (18 c.c.) was treated in the manner 
described with hydrogen chloride, and gave 17-1 g. of the nitrosochloride, a colourless micro- 
crystalline powder, m. p. 108—110°, sparingly soluble in low-boiling media. 

2-(8-1’-Naphthylethyl)-A*-cyclopentenone.—A solution of the foregoing nitrosochloride 
(3-4 g.) in pyridine (15 c.c.) was boiled for 5 minutes. This sufficed to complete the reaction ; 
longer boiling led to decomposition. The oxime (2-1 g.) of (II), isolated in the usual way, 
formed colourless rhombic tablets, m. p. 106-5—107-5° (Found: C, 81-1; H, 6-75; N, 6-05. 
C,,H,,ON requires C, 81-2; H, 6-8; N, 5-6%). For hydrolysis to the ketone, the oxime (10 g.) 
was boiled with 6N-sulphuric acid (60 c.c.) for 1} hours. The oxime formed a crystalline 
sulphate, which was transformed into a yellow oil as hydrolysis proceeded. The unsaturated 
ketone (II) formed a yellowish liquid, b. p. 165—167°/0-3 mm., which gave a red colour with 
acetic acid containing sulphuric acid (Found: C, 86-4; H, 7-0. C,,H,,O requires C, 86-1; 
H, 7:0%). This ketone gave a sparingly soluble semicarbazone, m. p. 226—227° (Found : 
C, 73-3; H, 6-5; N, 14-5. C,,H, ON; requires C, 73-7; H, 6-5; N, 14-3%). 

Cyclisation Attempts.—(I) 2-8-Phenylethyl-A*-cyclohexenone. (a) A solution of the ketone 
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(1-3 g.) in concentrated sulphuric acid (3 c.c.) was kept at 0—3° for 2 days. The orange solu- 
tion was poured on ice, and the oil extracted with ether and distilled, giving 0-8 g. of unchanged 
ketone. (b) A solution of the ketone (2 g.) in sulphuric acid (55% by weight; 12 c.c.) was 
boiled for 24 hours. The ketone was almost entirely converted into non-volatile resinous 
material. (c) Aluminium chloride (1-5 g.) was added to an ice-cold solution of 2-8-phenyl- 
ethylcyclohexenoneoxime (1-2 g.) in carbon disulphide (6 c.c.). The aluminium chloride was 
soon replaced by a brownish heavy oil. After being kept over-night at 0—3°, the product was 
decomposed with ice and hydrochloric acid. The oxime was recovered entirely unchanged, 
being identified by the method of mixed m. p.’s. 

(II) 2-(8-1’-Naphthylethyl)-A*-cyclopentenone. (a) Dry hydrogen chloride was passed for 
6 hours into a water-cooled mixture of the ketone (II) (1-6 g.) and anhydrous aluminium chloride 
(1-8 g.) in benzene (15 c.c.). The yellow hydrochloride which was at first precipitated gradually 
became transformed into a dark red aluminium chloride complex. The mixture was kept over- 
night and then decomposed with ice and hydrochloric acid. Unchanged ketone (0-8 g.) was 
recovered by distillation, and identified by conversion into the semicarbazone, m. p. 226°, 
alone or mixed with an authentic specimen. (b) A similar experiment was performed, using 
nitrobenzene as the solvent. The unsaturated ketone was recovered completely unchanged. 


(Note added on September 24th.) The structure assigned to the ketone (I) is based on 
the assumption that the hydrocarbon resulting from dehydration of 1-8-phenylethylcyclo- 
hexanol is 1-8-phenylethyl-A1-cyclohexene, and not the alternative phenylethylidene- 
cyclohexane. This assumption seems justified, for the reactions herein described would 
lead, if the latter structure were correct, to phenylacetyl-A1-cyclohexene (m. p. 46—48°; 
Cook and Hewett, loc. cit.; semicarbazone, m. p. 171—172°, Fulton and Robinson), whereas 
the ketone which we actually obtained was a liquid (semicarbazone, m. p. 188—190°). 

Nenitzescu and Gavat (Annalen, 1935, 519, 260) have recently taken exception to the 
suggestion of Cook and Hewett (loc. cit.) that their failure to cyclise phenylacetylcyclo- 
hexene to hexahydrophenanthrone was due to the inhibiting influence of the conjugated 
carbonyl group on the activity of the ethylenic bond. On the basis of the remarkable 
migrations which they have discovered the former authors attribute this cyclisation failure 
to a migration of chlorine away from the carbonyl group in a hypothetical chloro-compound 
formed by the action of aluminium chloride on the unsaturated ketone. If this explanation 
were correct, it would be necessary further to postulate a reversible migration to account for 
the isolation of unchanged ketone after treatment with aluminium chloride, and a similar 
reversible migration of hydroxyl or sulphate would be required to account for the inactivity 
of sulphuric acid towards phenylacetyleyclohexene. In the absence of any evidence of 
these reversible changes we still consider that the original suggestion of Cook and Hewett 
provides the most satisfactory explanation of the stability towards cyclising agents of 
phenylacetylcyclohexene and the ketones (I and II) now described. 


We are grateful to the Medical Research Council for a maintenance grant to one of us (A. C.). 


Tue RESEARCH INSTITUTE OF THE CANCER HOsPITAL (FREE), 
Lonpon, S.W. 3. [Received, August 30th, 1935.) 





370. Addition of Hydrogen Bromide to Triple and to Double Bonds. 
Undecynoic, Undecenoic, and 10: 11-Epoxyundecoic Acids. 


By P. L. Harris and J. C. Situ. 


BEcAUSE of the differences between acetylenes and olefins it was not predictable that 
with a triple bond a “ peroxide effect ’ (Kharasch and Mayo, J. Amer. Chem. Soc., 1933, 
55, 2468) would cause terminal addition of the bromine from hydrogen bromide. Ex- 
periments with A!-undecynoic acid (dehydroundecylenic acid; Krafft and Seldis, Ber., 
1896, 29, 2232) have shown that terminal addition of bromine occurs in presence of 
“oxidants,” and the reverse in presence of “ anti-oxidants.’”” Compared with the cor- 
responding olefin, the acetylene reacts slowly and the addition of only the first molecule 
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of hydrogen bromide has been studied. Apparently in presence of halogen acid any cts- 
11-bromoundecenoic acid initially formed is converted into the ¢rans-acid. 

Identification of the products of the reactions depends on the constitution of the bromo- 
acid, m. p. 41-5°, assumed by Krafft and Seldis to be ¢vans-11-bromoundecenoic acid. 
Although the bromine atom in this compound is eliminated during catalytic reduction, 
it cannot be replaced by acetoxyl and thus a determination of the constitution by this 
method is not feasible. The following considerations, however, give a clear indication of 
the constitution. 

(i) The product of incomplete catalytic reduction does not contain 10-bromoundecoic 
acid, and although 11-bromoundecoic acid has not been isolated in substance, its presence 
is indicated by the cryoscopic behaviour of the mixture. 

(ii) Removal of the bromine atom by hydrogenation would be expected if the first 
stage was reduction to 1l-bromoundecoic acid. The bromine atom in the 10-bromo- 
acid is very difficult to reduce. 

(ili) The formation of solid solutions (Type I System) with 11-bromo- and of a eutectic 
system with 10-bromo-undecoic acid indicates greater similarity of structure with the 
11-bromo-acid. 

Further experiments on the “ peroxide effect ’”’ with undecenoic acid extending those 
of Ashton and Smith (J., 1934, 437) show that additions of hydrogen bromide in carbon 
disulphide, chloroform, and carbon tetrachloride are sensitive to “ oxidants’ (compare 
Kharasch and Mayo, Joc. cit.). The example of chloroform is instructive, since unless 
traces of alcohol are removed the solvent acts as an anti-oxidant. 

The experiments of Ashton and Smith (loc. cit., p. 437, Nos. 29, 30, 25, 26) indicated 
that, although «-heptenylheptaldehyde and air produced a “ peroxide effect” without 


any delay, yet perbenzoic acid was ineffective until 12 hours had elapsed after the making- 
up of the solution. This result is now found to be due to the use of an ethereal solution of 
perbenzoic acid: in ligroin solution perbenzoic acid immediately catalyses the reaction 
with hydrogen bromide and air. 

It is necessary to emphasise that im the absence of air the catalysts perbenzoic acid, 


benzoyl peroxide, 10: 11-epoxyundecoic acid, and «-heptenylheptaldehyde have a very 
small influence on the composition of the product from hydrogen bromide and undecenoic 
acid. At least with this olefin molecular oxygen is essential for the “‘ peroxide effect,” 
and catalysts such as perbenzoic acid have a supplementary action. In the experiments 
of Kharasch and Mayo on allyl bromide (loc. cit.), Kharasch, McNab, and Mayo on vinyl 
bromide (ibid., p. 2522), and Kharasch and Hannum on vinyl chloride (ibid., 1934, 56, 
712), no precautions were taken to ensure that oxygen was not formed from the “ oxidants ” 
present, and this is especially important in view of the long duration of the reactions. 


EXPERIMENTAL. 


A”-Undecynoic Acid, CH3?C*[CH,],*CO,H.—The acid of m. p. 43° (Krafft and Seldis, loc. 
cit.) had iodine number (Hanus) 138 (theory for addition of 1 mol. of IBr, 139). 

Addition of Hydrogen Bromide.—(i) In presence of an ‘‘ oxidant.”” A slow stream of hydrogen 
bromide containing air was passed for 3 hours into an ice-cold solution of A!°-undecynoic acid 
(10 g.) and perbenzoic acid (1 g.) in benzene (30 c.c.). Evaporation of the benzene left an oil 
(iodine number 9), which was dissolved in ether, shaken with dilute ammonia solution to remove 
benzoic acid, then with water, and dried (sodium sulphate), and the solvent evaporated. After 
removal of unchanged undecynoic acid and dibromo-acids by fractional distillation, the main 

fraction (7 g., b. p. 148—156°/0-1 mm.) had M 267 (calc. for C,,H,,0,Br, 263) and m. p. 18-6°. 
It could not be recrystallised without great loss. Treatment with nitrous acid caused the m. p. 
to fall to 17°. 

(ii) In presence of an “‘ anti-oxidant.”” A stream of hydrogen was passed for 15 minutes 
through an ice-cold solution of A!°-undecynoic acid (10 g.) and diphenylamine (1 g.) in benzene 
(30 c.c.). Hydrogen bromide (free from air) was then passed for several hours, the diphenyl- 
amine hydrobromide filtered off, and after evaporation of the solvent the iodine number of the 
product determined. The mixture was made up again by addition of diphenylamine and 
benzene, and the process continued. After 3 hours 33%, 5-5 hours 27%, and 8 hours 18% of 
acetylenic acid remained. After 8 hours the product was worked up, yielding a main fraction 
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(8 g.), b. p. 151—157°/0-1 mm., and very little dibromo-acid. The main fraction, m. p. 12:1°, 
had M 266 (calc., 263). Nitrous acid caused no change in m. p. 

Equal weights of products (i) and (ii), mixed and cooled to — 10°, would not crystallise 
until seeded with solid from (i). When the mixture was allowed to warm, all but a trace of 
solid melted at — 6° and a clear liquid was obtained at + 3°. Products (i) and (ii) were there- 
fore of widely different composition. 

Addition of 11-Bromoundecenoic Acid.—This acid (see below) was added in weighed amounts 
to the products (i) and (ii), and the change in m. p. noted. Product (i) with 4% of 11-bromo- 
acid crystallised more readily and the m. p. was raised 2-3°; with 7% of 11-bromo-acid, the 
change was + 4-3°. 

Product (ii), mixed with 3-5% and 6% of 11-bromo-acid, melted 1-1° and 2-0° lower than 
originally. 

Product (i) had therefore as its main constituent 11-bromoundecenoic acid. 

Bromoundecenoic Acid.—Krafft and Seldis (loc. cit.) by the action of alcoholic potassium 
hydroxide solution on 10: 11-dibromoundecoic acid obtained as a by-product a monobromo- 
undecenoic acid, m. p. 41-5°, and suggested that it was the ‘rans-form of 11-bromoundecenoic 
acid. It has now been prepared in larger quantities, but the yield is poor. The fraction, b. p. 
150—158°/0-1 mm., m. p. about 33°, melts after two crystallisations from ligroin at 40-5—41° 
and finally at 41—42° (41-4° with thermometer in the liquid) (Found: M, 263. Calc. for 
C,,H,,0,Br, 263). Heating at 150° for 7 days with sodium acetate and acetic acid removed 
only part of the bromine and the product appeared to polymerise. No acetate could be isolated. 

Mixtures of Bromoundecenoic Acid with 11-Bromoundecoic Acid.—The specimens used had 
been crystallised to constant m. p. (thermometer in the liquid) and the mixtures formed an 
unbroken series of solid solutions (Type I). 


Bromoundecenoic acid, mols. % 96°6 93°8 88°8 82-0 72°5 56°7 0°0 
M., p. (clearing point) ‘ 41°4° 41°45° 41°7° 41°9° 42°6° 43°8° 49°2° 


Mixtures of Bromoundecenoic Acid with 10-Bromoundecoic Acid.—Sufficient points were 
determined to show that the system was of the eutectic type. 


Bromoundecenoic acid, mols. % 94°5 87°7 774 57°8 0-0 
M. p. (clearing point) 414° 40°05° 38°1° 35°2° 285° 35°7° 


Catalytic Reduction—Bromoundecenoic acid (3-0 g. of m. p. 41—42°) in aqueous alcohol 
(40 c.c. of 55%), shaken with hydrogen (Pd/BaSO,), absorbed 280 c.c. (1 mol.) in 2-5 hours. 
The reaction continued without any break in the time—volume curve and when 1-5 mols. had 
been absorbed the product was isolated. On fractional distillation it yielded undecoic acid 
(m. p. 29°) and a small fraction, b. p. 150—160°/0-1 mm., m. p. 36-5—38-5°. Redistilled, the 
higher fraction melted at 39—40°. 

Similarly, bromoundecenoic acid (6-0 g.), after having absorbed hydrogen (680 c.c., 1:33 
mols., in 220 mins.), yielded fraction (i) 3 c.c., b. p. 125—127°/0-1 mm., m. p. 27°; fraction 
(ii) 0-5 c.c., b. p. 127—150°, m. p. 33—34°; and fraction (iii) 1-2 g., b. p. 150—156°, m. p. 38— 
40° (thermometer in liquid, 39-7°), M 257. Fraction (iii) was redistilled three times (rejecting 
the first two drops) and the m. p. was thus raised to 41-8° (thermometer in liquid). Addition 
of bromoundecenoic acid of m. p. 41-4° gave a mixture of m. p. 41-7°, and admixture with 11- 
bromoundecoic acid (m. p. 49-2°) raised the m. p. to 45°. 

An attempt to crystallise fraction (iii) from ligroin in a freezing mixture gave a small quantity 
of crystals, m. p. 42-0°. These observations indicate that fraction (iii) is a mixture of unre- 
duced bromoundecenoic acid with about 15% of 11-bromoundecoic acid. 10-Bromoundecoic 
acid must be absent, as even a small amount of it would depress the m. p. below 41°. 


Product : Product : 
In pre- mols. % of In pre- mols. % of 
. sence 11-bromo- sence 11-bromo- 
Expt. Solvent. of M. p. acid. Expt. Solvent. of M. p. acid. 
A Ligroin Air 45° 84 E Carbon tetra- Hydrogen 29° 26 
B_ Carbon disul- Air 45 84 chloride (tech.) 
phide (washed) F Chloroform Air 20 mainly 
o P Hydrogen 29 26 (unwashed) 10-bromo 
D_ Carbon tetra- Air 44 80 Chloroform Air 80 
chloride (tech.) . (washed) 


G 
H bs Hydrogen 
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The same apparatus, technique, and part of the same preparation of catalyst being used, 
1l-bromoundecoic acid was completely reduced to undecoic acid in 2 hours, whereas two 
specimens of 10-bromoundecoic acid after 4 hours had absorbed only 0-3 and 0-2 mol. of hydrogen. 

Addition of Hydrogen Bromide to Undecenoic Acid in Various Solvents.—The sample of 
undecenoic acid used (m. p. 23-1°) retained a convenient amount of the catalytic impurity 
(Ashton and Smith, Joc. cit., p. 436). 

Action of Perbenzoic Acid.—The preparation of perbenzoic acid (Lewin, J. pr. Chem., 1930, 
127, 81) was modified: after removal of ethyl benzoate by extraction with ether the solution 
of sodium perbenzoate was acidified and then extracted three times with ligroin (b. p. 40—60°, 
free from olefins). The first extract was usually a 0-5N-solution of perbenzoic acid and the 
total yield was 70—80%. A pure specimen of undecenoic acid (m. p. 24-6°) yielded 10-bromo- 
undecenoic acid when its solution in ligroin was treated with hydrogen bromide and air. Toa 
solution of this undecenoic acid (2 g.) in ligroin (7 c.c. free from olefins), perbenzoic acid (0-1 g. 
in 5 c.c. of ligroin) was added. The mixture was cooled to 0° and hydrogen bromide and air 
were passed. Within 15 minutes 1l-bromoundecoic acid crystallised, showing that perbenzoic 
acid in the absence of ether had, without long standing, brought about the peroxide effect. 

10 : 11-Epoxyundecoic Acid.—Undecenoic acid (7 g., m. p. 24°) was dissolved in ligroin 
(200 c.c.) containing perbenzoic acid (7 g., 1-3 mols.), and the solution kept for 24 hours at 30°; 
only one-fifth of the perbenzoic acid then remained. The reaction mixture was fractionally 
extracted with dilute ammonia solution, which removed first the benzoic acid and then 10: 11- 
epoxyundecoic acid. This acid, which did not liberate iodine from potassium iodide, crystallised 
readily from ligroin as a fine powder (each grain being a cluster of minute prisms), m. p. 45-5° 
(yield, 25—50%) (Found: C, 66-0; H, 10-0; M, 202. C,,H,,O, requires C, 66-0; H, 10-0% ; 
M, 200). On keeping in a desiccator the crystals changed within 10 days to another form, 
m. p. 50° (M 199). 

Action of Hydrogen Bromide.—10 : 11-Epoxyundecoic acid (2 g.) dissolved in ligroin only 
on warming and crystallised again on cooling. When air and hydrogen bromide (dry or moist) 
were passed into the warm solution, a heavy oil was quickly precipitated. The oil was sparingly 
soluble in benzene and when freed from hydrogen bromide it slowly crystallised, m. p. 49—53° 
(Found: Br, 28-7. C,,H,,O,Br requires Br, 28-5%). It is obviously a mixture of bromo- 
hydrins and is being further investigated. The easily recognisable 11-bromoundecoic acid was 
not produced in the above reaction. 

A solution of undecenoic acid (0-9 g., m. p. 24-6°) and epoxyundecoic acid (0-6 g.) in ligroin 
(10 c.c.) at 0° yielded with hydrogen bromide and air an immediate precipitate of oil, followed 
within 4 minutes by a crystalline precipitate of 11-bromoundecoic acid (m. p. 46°, when separated 
mechanically). Freed from solvent, the united reaction products were liquid at room 
temperature. 

When hydrogen bromide and air were passed into a solution of undecenoic acid (1-5 g., 
m. p. 24-6°, which without oxidant yielded 10-bromoundecoic acid) and epoxyundecoic acid 
(0-08 g., 5 mols. %) in ligroin (16 c.c.), there was an immediate milkiness and within 5 minutes 
the mixture solidified owing to the formation of 1l-bromoundecenoic acid. Epoxyundecoic. 
acid is therefore a powerful ‘‘ peroxide catalyst,’ but, as it is itself converted into bromohydrin, 
the yield of 11-bromoundecoic acid rises as the amount of oxide added is decreased. 

Action of Hydrogen Peroxide.—10 : 11-Epoxyundecoic acid in ligroin solution was kept with 
hydrogen peroxide of various concentrations in the hope of forming a reactive peroxide of 
undecoic acid. When hydrogen bromide and air were passed into the ligroin solutions, only 
bromohydrins were formed. : 

Necessity for the Presence of Molecular Oxygen.—A ligroin solution of undecenoic acid (m. p. 
23-1°, retaining some of the oxidant impurity) was freed from air by evaporation of some of 
the solvent under reduced pressure. When hydrogen bromide (free from air) was passed, the 
addition was very slow, and after the mixture had stood for 20 hours the product, m. p. 27°, 
was mainly 10-bromoundecoic acid. 

Similar experiments with pure undecenoic acid with addition of 10 molecules % of (a) 
10 : 1l-epoxyundecoic acid, (b) benzoyl peroxide, and (c) perbenzoic acid also gave products 
containing 60—90% of 10-bromoundecoic acid. 


SUMMARY. 


(1) Addition of hydrogen bromide to a terminal triple bond is subject to a ‘“‘ peroxide 
effect,” ‘‘ oxidants ’’ causing terminal addition of the bromine atom. 
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(2) In absence of ether, perbenzoic acid has an immediate catalytic effect on addition 
to undecenoic acid. 

(3) 10 : 11-Epoxyundecoic acid is a powerful catalyst and it is not an intermediate in 
the formation of 11-bromoundecoic acid. 

(4) None of the catalysts is effective in absence of molecular oxygen. 

(5) The results of catalytic reduction of the bromoundecenoic acid of m. p. 41-5° 
justify Krafft and Seldis’s assumption that this is the 11-bromo-acid. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, October 2nd, 1935.) 

























371. The Constituents of Natural Phenolic Resins. Part III. Synthesis 
of Dehydro-“ Sulphite-liquors Lactone” Dimethyl Ether and Some 
Observations on the Structure of Podophyllotoxin. 

By RosBert D. HAawortH, THOMAS RICHARDSON, and GEORGE SHELDRICK. 


In Part II (this vol., p. 636) structure (I; R = H) was suggested for “ sulphite-liquors 
lactone.” * The positions of the hydroxyl groups were established by oxidising the 
diethyl ether to 5-methoxy-4-ethoxy-2-(3’-methoxy-4’-ethoxybenzoyl) benzoic acid, and the 
orientation of the lactonic grouping was suggested as a result of an examination of a de- 
hydro-lactone, Cy3H,,0,, m. p. 215—216°, which was prepared from “ sulphite-liquors 
lactone ” dimethyl ether (I; R = Me). This dehydro-lactone was not identical with the 
lactone of 6: 7-dimethoxy-1-(3’ : 4’-dimethoxyphenyl)-3-hydroxymethylnaphthalene-2- 
carboxylic acid, which was synthesised, and as the isomeric lactones both yielded 6 : 7-di- 
methoxy-1-(3’ : 4’-dimethoxyphenyl)naphthalene-2 : 3-dicarboxylic acid on oxidation, they 
differed only in the arrangement of the lactonic groups. Consequently structure (II) was 
suggested for dehydro-“‘ sulphite-liquors lactone ” dimethyl ether, and these conclusions 
have now been confirmed by the synthesis of the lactone (II). 


CH, 
MeO CH—CO MeO co Meo’ \—CO-C-CH 
O@iz a MeO CH,>° ~— Me f g>co 
CH CO,Et 


(III.) 


Me 
OR OMe 
(I.) (II.) 
During the earlier experiments it was shown that ethyl 8-(3 : 4-dimethoxybenzoyl) propionate 
underwent the Claisen condensation with ethyl formate and with ethyl oxalate, yielding 
ethyl 8-hydroxymethylene-B-(3 : 4-dimethoxybenzoyl) propionate and a lactonic ester, probably 
ethyl B-(3 : 4-dimethoxybenzoyl)-A®-crotonolactone-y-carboxylate (III), respectively, but these 
lines of approach were abandoned because recognisable reduction products of these esters 
could not be prepared. 

It was then discovered that 6-3 : 4-dimethoxybenzoyl-«-(3’ : 4’-dimethoxybenzylidene)- 
propionic acid (IV) and formaldehyde reacted almost quantitatively in cold alkaline 
solution to yield 8-3: 4-dimethoxybenzoyl-«-(3’ : 4'-dimethoxybenzylidene)-B-methylene- 
propionic acid (V), and this acid, which is also being utilised in allied investigations, served 
as the starting point of the successful synthesis. It was shown in Part II (p. 640) that 


* In view of the constitutional relationship between matairesinol (this vol., p. 633) and ‘‘ sulphite- 
liquors lactone,”’ it is of interest to record that we have isolated, in small yield, two substances, m. p. 
212° and 254°, from our matairesinol mother-liquors. The compound, m. p. 254°, has been identified 
as ‘‘ sulphite-liquors lactone ’’ by direct comparison of the phenol, its diacetyl derivative, and its di- 
methyl ether with authentic specimens. Dr. L. H. Briggs (private communication) informs us that 
he has isolated the same substances from the resin of the matai. 
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the acid (IV) was converted into methyl 6 : 7-dimethoxy-1-(3’ : 4’-dimethoxypheny])- 
naphthalene-3-carboxylate by the action of warm methyl-alcoholic hydrogen chloride ; 
but under similar conditions the acid (V) is only partly cyclised and two crystalline products 
have been isolated in approximately equal amounts. The less soluble product was the 
bright yellow lactone of 8-3 : 4-dimethoxybenzoyl-a-(3' : 4'-dimethoxybenzylidene)-B-chloro- 
methylpropionic acid (VI; R= Cl); in accordance with the suggested constitution, the 
chlorine is labile and boiling methyl alcohol converted it into the lactone of 8-3 : 4-dimethoxy- 
benzoyl-a-(3’ : 4'-dimethoxybenzylidene)-B-methoxymethylpropionic acid (VI; R= OMe). 
The second product from the action of methyl-alcoholic hydrogen chloride on the acid (V) 


H H H 
~ Of \-COgH ay \¢-CO,H wea YO 
Me As MeO Jods MeO QZO-CHaR 
(0 ¢o ¢ 
Chm Cow Cron 


OMe OMe OMe 
(IV.) (V.) (VI.) 


was methyl 6: 'T-dimethoxy-1-(3' : 4'-dimethoxyphenyl)-2-chloromethylnaphthalene-3-carb- 
oxylate (VII; R = Me), and alkaline hydrolysis, followed by lactonisation, converted this 
ester almost quantitatively into the lactone of 6 : 7-dimethoxy-1-(3’ : 4’-dimethoxypheny])- 
2-hydroxymethylnaphthalene-3-carboxylic acid (II), m. p. 215—216°, which was identical 
with dehydro-“ sulphite-liquors lactone ” dimethyl ether. Attempts have been made to 
convert (VI; R = Cl) into (VII; R = Me) and thence into (II), but with only moderate 
success. By the prolonged action of hydrogen chloride the lactone (VI; R = Cl) was 
converted into an oil which gave a very small yield of (II) after hydrolysis and lactonisation. 

The acid (V) reacted with concentrated hydrochloric acid in cold glacial acetic acid 
solution to give 6: 7-dimethoxy-1-(3’ : 4'-dimethoxyphenyl)-2-chloromethylnaphthalene-3- 
carboxylic acid (VII; R=H), which was converted into the lactone (II) by alkaline 
hydrolysis and subsequent lactonisation, the overall yield being practically theoretical. 
The acid (VII; R = H), though readily soluble in cold aqueous sodium hydroxide, was 
insoluble in aqueous sodium bicarbonate, and this abnormality may be due to the conversion 


‘into the lactone (II), which has been observed to take place gradually in the presence of 


aqueous sodium bicarbonate. When the acid (VII; R = H) was heated, hydrogen chloride 
was eliminated and a well-defined carboxylic acid, m. p. 303—305°, probably 4’ : 5’ : 6 : 7- 
ietramethoxybenzo-3 : 4-fluorene-l-carboxylic acid (VIII; R=H), was obtained. This 
compound was readily soluble in aqueous sodium bicarbonate, and the structures suggested 
above are supported by the action of heat on the methyl ester (VII; R= Me). A similar 
loss of hydrogen chloride was observed and the resulting methyl ester (VIII; R = Me) 
yielded the acid (VIII; R = H), m. p. 303—305°, on hydrolysis. 


H 
x\e Sgiecion 


CH 


M OMe 


Me OMe 
(VII.) (VIII.) (IX.) 


As the method outlined above appeared capable of wide application in the synthesis of 
lactones of the phenylnaphthalene series, its use in the preparation of substances related to 
podophyllotoxin (see this vol., p. 633 for references) has been investigated. Spath, Wesely, 
and Kornfeld (Ber., 1932, 65, 1536) converted picropodophyllin by dehydration and de- 
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hydrogenation into a lactone, C,,H,,0,, m. p. 266°, and, in accordance with the Borsche- 
Spath formula for podophyllotoxin (IX), the lactone C,.H,,0, was formulated as (XI), 
although structure (XII) is the rational representation of this lactone on the basis of the 
Robertson formula (J., 1933, 83) for podophyllotoxin (X). Evidence in favour of the 
Borsche-Spath formula (IX) has now been obtained by the synthesis of a lactone having 
structure (XII), which differs from the lactone C.gH,,0,, m. p. 266°, prepared from picro- 
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podophyllin. 
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Ethyl sodio-3 : 4 : 5-trimethoxybenzoylacetate (Perkin and Weizmann, J., 1906, 89, 
1655) reacted with ethyl bromoacetate in boiling alcoholic solution and the resulting 
ethyl 3 : 4: 5-trimethoxybenzoylsuccinate on hydrolysis with boiling 20% sulphuric acid 
was converted into 8-(3 : 4 : 5-trimethoxybenzoyl)propionic acid (XIII}. The sodium salt of 
(XIII) condensed with piperonal in acetic anhydride solution to give a yellow y-lactone, 
yielding §-3: 4: 5-trimethoxybenzoyl-a-(3’ : 4'-methylenedioxybenzylidene)propionic acid 
(XIV) on treatment with sodium methoxide. The acid (XIV) reacted with formaldehyde in 
alkaline solution to give 8-3: 4: 5-trimethoxybenzoyl-a-(3’ : 4'-methylenedioxybenzylidene) - 
8-methylenepropionic acid (XV), which was cyclised by a mixture of acetic and hydrochloric 
acids to 6: 7-methylenedioxy-1-(3’ : 4’ : 5'-trimethoxyphenyl)-2-chloromethylnaphthalene-3- 
carboxylic acid (XVI). Alkaline hydrolysis of (XVI), followed by lactonisation, gave the 
lactone of 6: '7-methylenedioxy-1-(3' : 4’ : 5’-trimethoxyphenyl)-2-hydroxymethylnaphthalene- 
3-carboxylic acid (XII),m. p. 289°. This lactone (XII) differs from the lactone (XI), obtained 
from picropodophyllin, in the arrangement of the lactone group only, and on oxidation with 


CO-[CH,}_°CO,H eee Hy 
MeO, CO 
MeO wey 3 i. F ewt ce eu 


Me 
(XIII.) 
















Me Me MeO Me 


Me OMe 
(XIV.) (XV.) 


potassium permanganate both lactones yielded 6 : 7-methylenedioxy-1-(3' : 4’ : 5'-trimethoxy- 
phenyl)naphthalene-2 : 3-dicarboxylic acid (XVII), which was characterised by means of the 
anhydride and dimethyl ester. In Part II (p. 644) it was shown that the isomeric tetra- 
methoxyphenylnaphthalenes differed in their behaviour towards sodium hypobromite. 
The lactone containing the hydroxymethyl group in position 3 was converted into the 
dibasic acid, wat the lactone (II) containing the hydroxymethyl group in position 2 was 


50 CO,H 
HyC<O HC HyC<O CO,H 
(XVIL.) 
(XVI.) 
Me 
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unattacked. The same difference has been observed in the methylenedioxy-trimethoxy 
series; the lactone (XII) was not attacked by sodium hypobromite, but the lactone (XI) 
obtained from picropodophyllin was converted into the dibasic acid (XVII). The steric 
explanation suggested in Part II applies equally well to the present case. 


EXPERIMENTAL. 


Ethyl 8-(3 : 4-dimethoxybenzoyl)propionic acid, obtained by the action of alcoholic hydrogen 
chloride on the corresponding acid, crystallised from chloroform-—light petroleum in colourless 
needles, m. p. 57—58° (Found : C, 63-3; H, 6-9. C,4H,,O, requires C, 63-1; H, 6-8%). 

Ethyl B-(3 : 4-Dimethoxybenzoyl)-8-hydroxymethylenepropionate.—The above ester (2 g.) and 
ethyl formate (2 c.c.) were allowed to react in cold benzene solution (30 c.c.) in the presence of 
sodium wire (0-5 g.) for 12 hours. Water was added and the aqueous layer was acidified and 
extracted with ether. Removal of the ether left an oil; this slowly solidified and crystallised 
from aqueous methyl] alcohol in colourless needles (1-5 g.), m. p. 114—116°, which gave a red 
coloration with ferric chloride (Found : C, 60-8; H, 6-2. C,;H,,0O, requires C, 61-2; H, 6-2%). 
Ethyl 8-(3 : 4-dimethoxybenzoy/)-A8-crotonolactone-y-carboxylate (III), obtained similarly from 
ethyl 8-(3 : 4-dimethoxybenzoyl)propionate (2 g.), ethyl oxalate (4 c.c.), and sodium wire (0-5 g.), 
crystallised from chloroform—methy] alcohol in slender yellow needles (1-7 g.), m. p. 154—156°, 
which gave a dark purple ferric test (Found: C, 60-2; H, 5-1. C,.H,,O, requires C, 60-0; 
H, 5-0%). 

8-3 : 4-Dimethoxybenzoyl-a-(3’ : 4’-dimethoxybenzylidene)-B-methylenepropionic Acid. (V).— 
8-3 : 4-Dimethoxybenzoyl-a«-(3’ : 4’-dimethoxybenzylidene)propionic acid (3 g.) (this vol., 
p. 640), 10% sodium hydroxide solution (9 c.c.), and 40% formalin (6 c.c.) were kept over-night at 
room temperature. The solution was acidified; the product, isolated with ether, crystallised 
from benzene in colourless prisms (2-7 g.), m. p. 157—158° (Found: C, 66-5; H, 5-6. C,,H,,0, 
requires C, 66-3; H, 5-6%). 

Lactone of 8-3: 4-Dimethoxybenzoyl-a-(3’ : 4’-dimethoxybenzylidene)-B-chloromethylpropionic 
Acid (VI; R = Cl).—The methylene acid (V) (3 g.) was boiled with methyl alcohol (60 c.c.) 
saturated with hydrogen chloride. The lactone (VI; R = Cl) rapidly separated from the 
boiling solution; after 4 hour the mixture was cooled and the solid was collected (A, see below) 
and washed with ether; yellow needles (1-1 g.), m. p. 183—184°, were obtained (Found : C, 63-5; 
H, 5-2; Cl, 8-2. C,,H,,0,Cl requires C, 63-4; H, 5-1; Cl, 8-5%). This lactone (VI; R = Cl), 
which was also obtained by the action of cold methyl-alcoholic hydrogen chloride on the acid 
(V), was insoluble in sodium bicarbonate or hydroxide solution. Boiling with methyl alcohol, 
containing a little chloroform to assist solution, converted it into the lactone of 8-3 : 4-dimeth- 
oxybenzoyl-a-(3’ : 4’-dimethoxybenzylidene)-B-methoxymethylpropionic acid (VI; R = OMe), 
which separated from methyl alcohol in yellow needles, m. p. 145° (Found: C, 67-0; H, 5-8; 
OMe, 36-9. C,,;H,,O, requires C, 67-0; H, 5-8; OMe, 37-6%). 

Methyl (§ : 7-Dimethoxy-1-(3’ : 4’-dimethoxyphenyl)-2-chloromethylnaphthalene-3-carboxylate 
(VII; R = Me).—The filtrate (A, see above) was diluted with water and extracted with ether. 
Removal of the ether gave an oil, which rapidly solidified and crystallised from methyl] alcohol— 
chloroform (charcoal) in colourless needles (0-9 g.), m. p. 176—177° (Found: C, 64-1; H, 6-7. 
C,3H,,0,Cl requires C, 64-1; H, 5-4%). 

6 : 7-Dimethoxy-1-(3’ : 4’-dimethoxyphenyl)-2-chloromethylnaphthalene-3-carboxylic Acid (VII; 
R = H).—The methylene acid (V) (3 g.) was dissolved in glacial acetic acid (20 c.c.), and con- 
centrated hydrochloric acid (50 c.c.) gradually added with cooling. After 12 hours the pale 
yellow solid (3 g.) was collected; it was sparingly soluble in the usual organic solvents, but 
crystallised from methyl] alcohol—chloroform or benzene—chloroform in colourless prisms, which 
melted at 244—245°, resolidified, and remelted at 294—295° (Found: C, 63-6, 63-5; H, 5-2, 
5-1; OMe, 29-1; Cl, 8-2. C,,H,,O,Cl requires C, 63-4; H, 5-1; OMe, 29-7; Cl, 85%). An 
acetyl determination proved the absence of an acetyl group. 

4’: 5’: 6: 7-Tetramethoxybenzo-3 : 4-fluorene-1-carboxylic Acid (VIII; R = H).—The acid 
(VII; R =H) (1 g.) was mixed with camphor (10 g.) and heated with stirring at 200—210° 
for 10 minutes. The cold mixture was diluted with methyl alcohol and the solid was collected, 
washed with ether, and crystallised either from a large volume of glacial acetic acid or from 
nitrobenzene; cream-coloured needles (0-85 g.), m. p. 303—305°, were obtained, which were 
readily soluble in aqueous sodium bicarbonate (Found: C, 69-5; H, 5-5. C,.gH.O, requires 
C, 69-5; H, 53%). The methyl ester (VIII; R = Me), obtained similarly by the action of heat 
on the methyl! ester (VII; R = Me), crystallised from methyl alcohol—chloroform in colourless 
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plates, m. p. 202—204° (Found: C, 69-7; H, 6-8. C,,H,,O, requires C, 70-0; H, 56%). The 
methyl] ester was hydrolysed by boiling with 10% methyl-alcoholic potassium hydroxide for 2 
hours. Addition of acid to the alkaline solution precipitated the acid (VIII; R = H), which 
crystallised from acetic acid in colourless needles, m. p. 303—305°. 

Lactone of 6: 7-Dimethoxy-1-(3’ : 4’-dimethoxyphenyl)-2-hydroxymethylnaphthalene-3-carb- 
oxylic Acid ; Dehydro-“‘ sulphite-liquors lactone ’’ Dimethyl Ether (I1).—(a) The acid (VII; R = 
H) (3 g.) was dissolved in cold 10% sodium hydroxide solution (20 c.c.) and heated at 100° for 
1 hour. The solution was acidified, heated at 100° for } hour, and treated with sodium bicar- 
bonate and the insoluble material was collected and crystallised from methyl] alcohol containing 
a little chloroform; yield, 2-7g. (b) The methyl ester (VII; R = Me) (0-5 g.) was hydrolysed 
by boiling with 10% methyl-alcoholic potassium hydroxide (5 c.c.) for 1 hour. The methyl 
alcohol was removed and the diluted solution was acidified and treated with bicarbonate as 
described in (a); yield, 0-38 g. (c) The lactone (VI; R = Cl) (1 g.) was boiled with methyl- 
alcoholic hydrogen chloride (10 c.c.) and chloroform (20 c.c.) for 6 hours. Water was added, the 
chloroform layer dried, and the solvent removed. The residual oil was boiled with 10% methyl- 
alcoholic potassium hydroxide (10 c.c.), the alcohol removed, and the residue dissolved in water 
and filtered. The filtrate was acidified and treated with bicarbonate as described in (a); yield, 
0-01 g. 

The /actone (II) crystallised in colourless prisms, m. p. 215—216° (Found: C, 69-5; H, 5-4. 
Calc. for Cy,HO0,: C, 69-5; H, 5-3%), which gave no depression in melting point when mixed 
with dehydro-“ sulphite-liquors lactone ’’ dimethyl ether prepared as described in Part II 
(p. 644). The crystalline form and colour reactions of the synthetical lactone were identical with 
those observed with the material prepared from natural sources. 

B-(3 : 4: 5-Trimethoxybenzoyl)propionic Acid (XIII).—Ethyl 3: 4: 5-trimethoxybenzoyl- 
acetate (8-3 g.), sodium ethoxide (from 0-75 g. of sodium), and ethyl bromoacetate (5-2 g.) were 
refluxed in alcohol (75 c.c.) for 16 hours. The cooled mixture was diluted, acidified, and 
extracted with ether, the solvent removed, and the residual oil boiled with 20% sulphuric acid 
for 48 hours. The mixture was extracted with ether, the solvent removed, and the product 
warmed with a mixture of methyl alcohol (25 c.c.) and 10% sodium hydroxide solution (10 c.c.) 
for Lhour. After dilution and removal of the neutral impurities with ether, the alkaline solution 
was acidified ; the acid (XIII), isolated with ether, crystallised from benzene in colourless needles 
(4-2 g.), m. p. 121—122° (Found: C, 58-3; H, 5-9. C,,;H,,O, requires C, 58-2; H, 6-0%). 

B-(3 : 4: 5-Tvimethoxybenzoyl)-a-(3’ : 4’-methylenedioxybenzylidene)propionic Acid (XIV).— 
The acid (XIII) (1 g.) was neutralised with aqueous sodium hydroxide, and the solution evapor- 
ated to dryness; the pulverised dry sodium salt was mixed with piperonal (1-2 g.) and acetic 
anhydride (2-5 c.c.) and heated for 2 hours on the water-bath. Water was added, and the 
y-lactone of the acid (XIV) collected and washed with water and methyl alcohol; it crystallised 
from methyl alcohol—chloroform in yellow plates (1 g.), m. p. 161—162° (Found: C, 66-1; 
H, 4-6. C,,H,,0, requires C, 66-0; H,4-7%). The lactone (0-7 g.) was shaken with a solution 
of sodium (0-1 g.) in methyl alcohol (20 c.c.); the colourless methyl ester of acid (XIV) rapidly 
separated. The suspension was warmed until the ester dissolved, water was added, and the methy]! 
alcohol removed. The solution was filtered, the filtrate acidified, and the product collected and 
crystallised from methyl] alcohol—chloroform ; colourless slender needles (0-7 g.), m. p. 183—184°, 
were obtained (Found: C, 63-1; H, 5-0. C,,H, 90, requires C, 63-0; H, 5-0%). 

6-3 : 4: 5-Trimethoxybenzoyl-a-(3’ : 4’-methylenedioxybenzylidene)-B-methylenepropionic acid 
(XV), prepared as described in the case of (V), crystallised from benzene in colourless needles 
containing solvent of crystallisation. After drying at 100° in a vacuum, the crystals melted at 
169—170° (Found: C, 64-2; H, 5-0. C,,H,.O, requires C, 64-1; H, 48%). 

6 : 7- Methylenedioxy-1-(3' : 4’ : 5’-trimethoxyphenyl) -2-chloromethylnaphthalene - 3-carboxylic 
acid (XVI), prepared as described in the case of (VII; R = H), crystallised from chloroform-— 
methyl alcohol in colourless prisms, which darkened at 250° but did not melt below 300° (Found : 
C, 61-0; H, 4-7... C.,H,,0,Cl requires C, 61-3; H, 4-4%). 

The Jactone of 6: 7-methylenedioxy-1-(3’ : 4’ : 5’-trimethoxyphenyl)-2-hydroxymethylnaphtha- 
lene-3-carboxylic acid (XII), obtained as described in method (a) for the preparation of (II), 
crystallised from methyl] alcohol—chloroform in colourless needles, m. p. 288—289° (Found : 
C, 66-7; H, 4-8. C,,H,,O, requires C, 67-0; H, 4-6%). 

6 : 7- Methylenedioxy-1-(3' : 4’ : 5’-trimethoxyphenyl)naphthalene-2 : 3- dicarboxylic Acid 
(XVII).—(a) Either dehydroanhydropicropodophyllin (XI) (0-5 g., prepared as described by 
Spath, Wesely, and Kornfeld, /oc. cit.) or the synthetic lactone (XII) (0-5 g.) was dissolved in hot 
1% methyl-alcoholic potassium hydroxide (25 c.c.); water was then added and the methyl 
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alcohol was removed. Finely powdered potassium permanganate (2 g.) was gradually added 
during 6 hours to the cold solution. The filtered solution was acidified, heated at 100° for } hour, 
and treated with sodium bicarbonate, and traces of unchanged lactone collected; addition of 
acid to the filtrate precipitated the crude acid (XVII). (b) An alkaline solution of (XI) (0-5 g.), 
prepared as described above, was boiled for 3 hours with a solution of sodium hypobromite 
obtained by the addition of bromine (0-7 c.c.) to 10% sodium hydroxide solution (15 c.c.). The 
cold solution was saturated with sulphur dioxide and acidified with dilute sulphuric acid, and the 
dibasic acid (XVII) separated from unchanged lactone as described above. The dried crude 
acid (XVII) was boiled with acetyl chloride (10 parts) for 2 hours. The chloride was removed, 
the solid residue triturated with ether, and the product crystallised from glacial acetic acid ; 
the anhydride was obtained in very pale yellow plates, m. p. 299—300° (Found : C, 64-5; H, 4-2. 
CogH,,0, requires C, 64-7; H, 4.0%). The anhydride prepared from either (XI) or (XII) was 
refluxed with methyl-alcoholic hydrogen chloride (50 parts) for 12 hours. The dimethyl ester, 
isolated with ether, crystallised from methyl alcohol in colourless prisms, m. p. 206—207° 
(Found : C, 63-2; H, 5-1. C,,H,.O, requires C, 63-4; H, 4-9%). 


One of us (T. R.) thanks the Durham County Council Education Department for a scholarship. 
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372. The Caryophyllenes. Part III. 
By G. R. RAMAGE and J. L. SIMONSEN. 


In previous communications (J., 1934, 1806; this vol., p. 532) we have shown that d-cis- 
norcaryophyllenic acid has the structure (I), and this has been confirmed by Rydon’s 
synthesis of d/-norcaryophyllenic acid and of dehydronorcaryophyllenic acid (J. Soc. Chem. 
Ind., 1935, 54, 557). It has been shown also that d-cis-caryophyllenic acid must be either 
(II) or (III). 
Me,C—CH:CO,H Me,C—CH:-CO,H Me,C—CH:CH,"CO,H 
H,C—CH-CO,H H,C—CH-CH,°CO,H H,C—CH-CO,H 
(I.) (IL.) (II1.) 

A final determination of the constitution of caryophyllenic acid must await its synthesis, 
and experiments in this direction are in progress, but it is now possible to consider formulz 
for the parent hydrocarbons, the caryophyllenes. 

In the course of their extensive study of the degradation of these sesquiterpenes 
Semmler and Mayer (Ber., 1911, 44, 3657) isolated as the two main products of ozonolysis 
a diketo-monocarboxylic acid, C,,H,,0,, and a keto-monocarboxylic acid, C,,H,,0s. 
These two acids have been obtained also by Ruzicka and Wind (Helv. Chim. Acta, 1931, 
14, 410), and Ruzicka (J. Soc. Chem. Ind., 1935, 54, 509) has suggested that the two acids, 
which he represents by (VI) and (VII) respectively, originate from the two hydrocarbons 
(IV) and (V). In this communication he summarises the evidence on which these formulz 


are based. 
CH, CH, Me,C—CH-CH,Ac 
an H,C—CH-CH(CO,H)-CH,Ac 
Me,f—CH (CMe Me,C—CH CMe (VI.) 


H,C—CH CH 
~~ Me,(—CH:CH,Ac 
CH-CH,°CMe:CH, H-CH:CMe, H,C—CH-CH,°CO,H 
(IV.) (V.) (VII.) 
In Part I attention was directed to the difficulty in interpreting the results obtained on 
degradation owing to the fact that the sesquiterpene fraction of oil of cloves consists of a 
mixture of at least three hydrocarbons and we stated that we proposed to use as the 
starting point for our investigations a dihydro-f$-caryophyllene prepared from -caryo- 
phyllene nitrosite. We now find that the crystalline nitrosite itself can be readily oxidised 
by ozone. In ethyl acetate—carbon tetrachloride solution it yields, in addition to form- 
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aldehyde, a colourless ketone, C,gHgg0;Ng, m. p. 161-5°. The second oxygen atom 
presumably enters the molecule by converting the nitroso-group into a nitro-group. An 
isomeric blue ketone is obtained if the oxidation is carried out in acetic acid solution. 
We shall refer to them as the «- and the $-dinitro-ketone. The blue 6-ketone is converted 
into the colourless form on warming and probably represents, therefore, a unimolecular 
form, but direct proof of this relationship has not been obtained. When either of these 
ketones is warmed with pyridine, elimination of nitrous acid occurs with the formation of 
a crystalline unsaturated mononitro-ketone, C,4H,,O,N, m. p. 69°; this can, however, only 
be obtained in good yield from the «-ketone. The unsaturated ketone is slowly oxidised 
by ozone, yielding as the main product a diketo-monocarboxylic acid, C,,H,,0,, a small 
quantity of formaldehyde being formed also. The methyl ester of this acid has constants 
agreeing closely with those of the diketo-ester prepared by Semmler and Mayer to which 
reference was made above, and the identity of the two esters was proved by the preparation 
from each of them of a crystalline bis-2 : 4-dinitrophenylhydrazone, decomp. 108—110°. 
It follows, therefore, that this diketo-acid must originate from 8-caryophyllene. 

By the ozonolysis of 8-caryophyllene nitrosite a small quantity of an acid also was 
obtained, which contained nitrogen. After treatment with pyridine and oxidation of 
the resulting unsaturated acid with potassium permanganate a keto-acid was isolated ; 
this lost carbon dioxide at 180°, yielding a liquid keto-acid, which was shown to have 
the composition C,,H,,0, by analysis of the crystalline semicarbazone, m. p. 183°. This 
acid was identical with the acid of this composition obtained by Semmler and Mayer 
(loc. cit., p. 3662). The formation of this acid from the nitrosite is explained most readily 
if we assume that $-caryophyllene contains an tsopropenyl group, which reacts to some 
extent as an isopropylidene group (compare Bradfield, Penfold, and Simonsen, this vol., 
p. 309). These two forms would represent the 6- and the y-caryophyllene, which are stated 
to yield the same dihydrochloride. 

On the basis of Ruzicka’s formule (IV) and (V), which must now be assigned to these 


hydrocarbons, the reactions outlined above may be represented by the two following 
schemes : 


CH, CH, CH, 


ZN 
esol Met CMe: ‘NO, 0, Mex6- Ht ome NO} ry Meye-CH YMe o yy 
(1V)—> H.C-CH CH‘NO —> H,C-CH CH:NO, — H,C-CH CNo, — (VY) 


NG *CH,’CMe:CH, H-CH,Ac H-CH,Ac 
(VIII.) (IX.) 


CH, CH, 


— - CMe-NO,  , Mec-CHt Meno, Py Mec oMe 


H,C-CH CH-‘NO. —> 4H,C-CH CH:‘NO, —> H,C-CH C-NO, 
NCH: "CMe, Nico, Kno,| CH-COH 


Me,C—CH-CH,Ac 
H,C—CH-CH(CO,H), 
Although these formule, subject to certain difficulties to which reference is made below, 
are in satisfactory agreement with the reactions discussed, it appears to us that formula 
(X) (for 8-caryophyllene) is equally satisfactory. Formula (VI) for the diketo-acid would 

then be replaced by (XI), and (VII) for the keto-acid by (XII). 
CH,°CMe:CH, 
CH CO,H 
| J Me,C~C<cHAc Me,C—CH-CO,H 
X.) Meg’ = GMe H,C—CH*[CH,]},*Ac H,C—CH-[CH,],Ac 
H,C—CH CH, (XI.) (XII) 


Hy 


(VII) <— 
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It would be anticipated that the oxidation of the latter acid (VII) or (XII) with sodium 
hypobromite would yield a homocaryophyllenic acid, either (XIII) or (XIV), but according 
to Semmler and Mayer (loc. cit., p. 3666) this reaction proceeds abnormally with the 
formation of as.-dimethylsuccinic acid and caryophyllenic acid. Owing to its funda- 


Me,0—CH-CH,°CO,H (XII) —> Me,¢—CH-CO,H 
H,C—CH:-CH,°CO,H H,C—CH-[CH,],"CO,H 
(XIII.) (XIV.) 
mental importance as a means of deciding between formule (IV) and (X) we propose to 
subject this acid to further study, since it should be readily accessible by the degradation 
of y-caryophyllene nitrosochloride. On the basis of either (IV) or (X) caryophyllenic acid 
must be represented by (II). 

We mentioned above that we had encountered certain facts which were difficult to 
reconcile with Ruzicka’s formula for $-caryophyllene and equally with our modification. 
The dinitro-ketone (VIII) should contain a reactive acetyl group, but with Fuson’s reagent 
(Chem. Rev., 1934, 15, 275) it gives no iodoform; further, in spite of the fact that it is 
thought to contain the group CH:NO,, it is insoluble in alkali. The mononitro-ketone 
(IX) does, however, gives traces of iodoform with Fuson’s reagent. A somewhat similar 
anomaly has been observed by Ruzicka and Wind, who find that only one of the two acyl 
groups in the diketo-acid is oxidised by sodium hypobromite. Further, either formula 
(IV) or (X) allows of ready cyclisation to the tricyclic hydrocarbon, clovene, although a 
molecular rearrangement must occur at some stage to account for the facile oxidation of 
this hydrocarbon to clovenic acid. Subsequent to the preparation of this paper Blair 
(this vol., p. 1257) has discussed the cyclisation of the caryophyllenes to clovene and has 
suggested a modification of Ruzicka’s formula (IV). Blair’s formula leads to a structure 
for clovene which allows of its oxidation to clovenic acid without loss of carbon, but it 
does not permit of the formation of the fundamental caryophyllene degradation products. 

To indicate the difficulties attending an interpretation of the results of previous 
investigators, who have worked with mixtures of the sesquiterpene hydrocarbons in 
varying proportions, it is of interest to note that of the three acid and three neutral primary 
oxidation products obtained by Semmler and Mayer only the formation of two acid and 
one neutral product can be explained on the above formule as originating from $- and 
y-caryophyllenes. 


(VII) —> 


EXPERIMENTAL. 


Ozonolysis of B-Caryophyllene Nitrosite——(i) In ethyl acetate-carbon tetrachloride. Ozone 
was passed through the nitrosite (5 g.) in ethyl acetate (10 c.c.) and carbon tetrachloride (20 c.c.) 
at 0° until the solution was pale green and ozone had been present in the issuing gases for 1 hour. 
(This precaution was necessary to prevent the formation of dark-coloured decomposition 
products.) During the oxidation formaldehyde was liberated (dimedone derivative, m. p. 187°). 
After removal of the solvents under diminished pressure, water was added, and the ozonide 
slowly decomposed by heating on the water-bath; a brown oil was then obtained, which partly 
crystallised on keeping. After decantation of the water, ether was added, and the solid (2 g.) 
collected. The a-dinitro-ketone crystallised from alcohol in long colourless needles, m. p. 161-5°; 
in chloroform (c, 2-620), [a]s4¢, — 33-6° (Found: C, 56-6; H, 7-3; N, 9-4. C,,H,,O,N, 
requires C, 56-6; H, 7-4; N, 9-4%). It gave no colour with ferric chloride, was insoluble in 
water and sodium hydroxide solution, very sparingly soluble in ether, but readily in chloroform. 
The phenylsemicarbazone crystallised from butyl alcohol in needles, decomp. 224° (Found : 
C, 58-4; H, 6-6. C,,H,O;N, requires C, 58-4; H, 6-7%); the 2: 4-dinitrophenylhydrazone 
crystallised from alcohol—ethyl acetate in yellow needles, decomp. 225° (Found: C, 49-9; H, 
5-5. CypHggO,N, requires C, 50-2; H, 5-4%). 

The ethereal solution from which the crystalline ketone had been separated was shaken 
with sodium carbonate solution and concentrated; a further quantity of the ketone, m. p. 
161°, was very slowly deposited. A viscid neutral product (2 g.) remained on complete removal 
of the ether. This could not be purified and gave no crystalline derivatives. From the sodium 
carbonate solution a gummy acid (0-4 g.) was isolated, the further oxidation of which is 
described on p. 1584. 

(ii) Im acetic acid. Ozone was passed through a suspension of the nitrosite (15 g.) in acetic 
acid (30 c.c.) and water (3 c.c.), formaldehyde being detected in the issuing gases, After 
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remaining for 12 hours at 0°, the light blue product (9-5 g.) which had separated was collected 
and dried over sodium hydroxide in a vacuum. The §-dinitro-ketone crystallised from alcohol 
(excessive boiling must be avoided) in pale blue needles (Found: C, 56-5; H, 7-4; N, 9-9%), 
which became colourless at about 146° and decomposed at 155° corresponding to conversion 
into the «-form. When the $-ketone was heated alone, vigorous decomposition occurred, but 
this was moderated by boiling in acetic acid for 2 minutes; the solution then became yellow and 
addition of water precipitated the a-form, m. p. 161°. 

Action of Pyridine on the a-Dinitro-ketone.—The ketone (10 g.) in pyridine (25 c.c.) was heated 
on the water-bath, vigorous evolution of nitric oxide occurring. After 1 hour an excess of dilute 
hydrochloric acid was added and the brown oil which separated was collected in ether. The 
dried ethereal extract gave on removal of the solvent an oil which crystallised with difficulty 
from alcohol, but much more readily after distillation in a low vacuum. Considerable 
decomposition occurred, but the distillate (5 g.), the nitro-ketone, then crystallised readily from 
alcohol (60%) in long needles (4-5 g.), m. p. 67°, raised to 69° by recrystallisation ; in chloroform 
(c, 2-224), [a]sag, — 114° (Found: C, 66-8; H, 8-3; N, 5-8. C,,H,,O,;N requires C, 66-9; 
H, 8-4; N, 5-6%). The semicarbazone crystallised from dilute alcohol in fine needles, m. p. 
186—187° (Found: C, 58-6; H, 7-8. C,;H,,0O,N, requires C, 58-4; H, 7-8%). 

Oxidation of the Nitro-ketone with Ozone.—The ketone (10 g.) in ethyl acetate was cooled to 
0° and ozone was passed through the solution for 40 hours, since unchanged ozone was present 
in the issuing gases from the commencement of the oxidation; only traces of formaldehyde were 
evolved. After removal of the solvent, water was added, and the ozonide decomposed by 
heating on the water-bath. No acetone was formed. After addition of sodium carbonate, the 
neutral products were removed by ether, which on evaporation gave an oil, from which 
unchanged material (0-9 g.) was recovered. The non-crystalline portion, possibly a diketone, 
gave no crystalline derivatives. On acidification of the sodium carbonate solution a liquid 
acid (7-1 g.) separated, which was esterified with diazomethane. The methyl ester had b. p. 
194—196°/15 mm., 166—167°/4 mm., a3. 1-042, ni 1-4632. Analysis showed the ester to be 
not quite pure (Found: C, 66-0; H, 8-9. C,,H,,O, requires C, 67-2; H, 90%). The bis- 
2 : 4-dinitrophenylhydrazone, prepared in methyl-alcoholic solution, was precipitated immediately 
as an oil, which quickly hardened. It crystallised from methyl] acetate in fine needles, decomp. 
108—110° with previous softening (Found: C, 51-4; H, 5-2; N, 17-7. C,,H 3,0, >N¢ requires 
C, 51-6; H, 51; N, 17-8%). 

This ester was prepared also by the ozonolysis of “‘ caryophyllene”’ (b. p. 116°/12 mm., 
azs- 0-9135, n° 1-5001, [«] 546, — 854°) by the method described by Semmler and Mayer (loc. 
cit., p. 3660) except that ethyl acetate was used as the solvent during the ozonolysis and the 
acid was esterified by diazomethane. The methyl ester so prepared had b. p. 205—210°/25 
mm., d33° 1-040, 2° 1-4668 (Semmler and Mayer give b. p. 184—188°/12 mm., d” 1-047, np 
1-4680). The bis-2 : 4-dinitrophenylhydrazone prepared from this ester decomposed at 108— 
110°, both alone and after admixture with the hydrazone referred to above. 

Isolation of the Keto-acid, C,,H,,0,;.—The acid (20 g.) obtained by the ozonolysis of 8-caryo- 
phyllene nitrosite (p. 1583) was heated with pyridine (30 c.c.) for 1 hour on the water-bath, the 
solution poured into dilute hydrochloric acid, and the unsaturated acid, which separated, was 
extracted with ether. Evaporation of the ether gave a gum (16 g.), which was dissolved in 
sodium carbonate solution (50 c.c.; 8%) and stirred whilst potassium permanganate solution 
(5%) was added until the pink colour persisted (300 c.c.). The manganese dioxide sludge was 
removed and washed with water and the combined filtrates were concentrated, acidified, and 
extracted with ether. After extraction the aqueous solution gave the brown ring test indicating 
the presence of either nitric or nitrous acid. Evaporation of the ether gave an almost colourless 
oil (12 g.), which was heated at 180° for 30 minutes, carbon dioxide being evolved (identified 
as barium carbonate). The crude acid was dissolved in ether, which left undissolved a brown 
tar, and after removal of the solvent fractionation gave an oil (2-8 g.), b. p. 196—200°/22 mm., 
nj) 1-4688 (Semmler and Mayer give b. p. 183—187°/11-5 mm., 2?” 1-4677 for the keto-acid 
C,,H,,0;). The semicarbazone, which was rapidly formed, crystallised from methyl alcohol 
in rectangular prisms, m. p. 183°, and this m. p. was unchanged after admixture with the 
semicarbazone prepared by Semmler and Mayer’s method (Found: C, 56-7; H, 83. Calc.: 
C, 56-4; H, 8-2%). 

We are indebted to the Government Grants Committee of the Royal Society, to the Chemical 
Society, and to Imperial Chemical Industries Limited for grants. 
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373. A Synthesis of dl-Piperitone (dl-A'-p-Menthen-3-one). 
By JAmMes WALKER. ; 


THE constitution of piperitone has been shown to be A!-p-menthen-3-one (I) by oxidative 
degradation (Simonsen, J., 1921, 119, 1644; Penfold, J. Proc. Roy. Soc. N.S.W., 1921, 
55, 139). Callenbach (Ber., 1897, 30, 639) claimed to have synthesised a menthenone 
having formula (I), but, as his starting material (Hagemann, Ber., 1893, 26, 876) did not 
have the constitution which he supposed it to have (Rabe and Rahm, Ber., 1905, 38, 969 ; 
Merling, ibid., p. 982), doubt was cast on the presumed constitution (I) of his menthenone 
(Wallach, Annalen, 1908, 362, 274; Merling and Welde, ibid., 1909, 366, 149); its deriv- 
atives (Kétz and Anger, Ber., 1911, 44, 466) certainly differ in their properties from those 
of the corresponding ones of d/-piperitone (I). Dieckmann (Ber., 1912, 45, 2704) showed 
by oxidative degradation that Callenbach’s ketone actually had the constitution (II). 


CMe CMe CMe 
H,C’ ‘CH H,C’ ‘cH HC’ \cpre 
TA maa HC. £O 

HPr8 Pr8-CO,Et NG, 

(I.) (il) (II.) 


Since the conversions of terpinen-l-ol (Wallach and Meister, Annalen, 1908, 362, 272) 
and menthone (Walker and Read, J., 1934, 238) into piperitone can scarcely be termed 
syntheses of the latter, the present work constitutes the first complete synthesis of 
piperitone (I). 

8-Chloroethyl methyl ketone was condensed with ethyl sodio-«-1sopropylacetoacetate 
in alcoholic solution, yielding ethyl A1-p-menthen-3-one-4-carboxylate (III) directly. 
Difficulty was experienced in hydrolysing the ester (III) in an acid medium, but dl/-piperi- 
tone (I) was obtained in good yield on alkaline hydrolysis. The ketone had constants in 
complete agreement with those of the racemised natural product; the habits and melting 
points of the oximes from the synthetic and the natural ketone were identical and there 
was no depression of the melting point on admixture. 


EXPERIMENTAL, 


Ethyl A'-p-Menthen-3-one-4-carboxylate (III).—8-Chloroethyl methyl ketone (5 g.; 1 mol.) 
(Blaise and Maire, Bull. Soc. chim., 1908, 3, 268) in absolute ethyl alcohol (10 c.c.) was added to 
a solution of ethyl a-tsopropylacetoacetate (8-1 g.; 1 mol.) in absolute ethyl alcohol (25 c.c.) 
containing sodium etboxide (1-2 g. of sodium; 1-1 atoms). There was an immediate separation 
of sodium chloride and a considerable evolution of heat. After remaining for 20 hours at room 
temperature, the mixture was refluxed on the water-bath for 7 hours, then added to much 
water and extracted with ether. The ethereal solution, washed (10% sodium hydroxide 
solution), dried (anhydrous sodium sulphate), and evaporated, left a pale yellow oil (11-2 g.) 
and on fractional distillation under reduced pressure two fractions were obtained : (i) b. p. to 
150°/16 mm., consisting essentially of unchanged ethyl «-isopropylacetoacetate (5-4 g.); (ii) b.p. 
155—160°/16 mm., a colourless, fairly mobile oil (3-6 g.), ni§*° 1-4825 (Found: C, 69-2; H, 9-1. 
Ci3H gO; requires C, 69-6; H, 9-0%). 

Hydrolysis to dl-Piperitone (1).—The above ester was recovered unchanged after 6 hours’ 
treatment with 20% hydrochloric acid under reflux (bath 150°). The ester (2-4 g.; 1 mol.) was 
refluxed (bath 150°) for 12 hours with 20% methyl-alcoholic potassium hydroxide solution 
(3 mols.) and the mixture.was then added to water and extracted with ether. The ethereal 
solution was washed with sodium carbonate solution, dried over anhydrous sodium sulphate, 
and evaporated. The crude product was distilled under diminished pressure, a practically 
colourless, mobile oil (1-2 g.; 74% yield on the ester; 26% overall yield) with the odour of 
ay passing over at 107—109°/12 mm., n}*° 1-4854 (Found: C, 78-3; H, 10-4. Calc. for 

C,H,,0: C, 78-9; H, 10-56%). For carefully purified /-piperitone Read and Smith (J., 1923, 
123, 2269) found b. p. 110°/15 mm. and n2” 1-4848. 

Oximation.—The ketone was boiled for 6 hours in aqueous-alcoholic solution with hydroxyl- 
amine hydrochloride (10% excess) and sodium acetate crystals (20% excess). After dilution 
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with water d/-piperitone «-oxime was extracted in ether, recovered by means of dilute sulphuric 
acid (two extractions), and liberated by neutralisation with sodium hydroxide solution. 
After crystallisation from absolute ethyl alcohol and from light petroleum (b. p. 60—80°) 
the fine colourless prisms had m. p. 117° (Found: C, 72-0; H, 10-1; N, 8-3. Calc. for 
Cy,>H,,ON: C, 71-8; H, 10-2; N, 8-4%), alone or mixed with the oxime (m. p. 117°) prepared 
from a racemised specimen of the natural ketone, kindly supplied by Professor R. Robinson, 
F.R.S. 


The author is grateful to the Royal Commissioners for the Exhibition of 1851 for the award 
of a Senior Studentship. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [ Received, October 4th, 1935.] 





374. Some Remarks on the Red and the Green Form of Magnus’s Salt. 
By H. D. K. Drew and H. J. TREss. 


MAGNUs obtained his green salt by the action of ammonia on chloroplatinous acid, and 
Peyrone prepared it from [Pt(NHj),]Cl, and chloroplatinous acid, thus showing that it was 
a chloroplatinite, [Pt(NH3),]PtCl,. 

A rose-red form of this salt was accidentally prepared by Bjerrum. Jérgensen and 
Sérensen (Z. anorg. Chem., 1906, 48, 441) showed that both the red and the green salt can 
result from mixing aqueous solutions of [Pt(NHj),]Cl, and chloroplatinites under different 
conditions : production of the red form is favoured by high dilution of the solutions or by 
slight alkalinity (presence of a trace of ammonia), that of the green form by greater con- 
centration or by acidity (presence of hydrochloric acid). Both salts were anhydrous, had 
the same composition, and were stable for several years in the dry state; but the red, 
although stable for some days at 97° when dry, was transformed quantitatively into the 
green form on being boiled with water. They noted also that the red salt could be pre- 
pared by adding the powdered tetrammino-dichloride to the dilute chloroplatinite solution. 

No convincing explanation of this unique case of isomerism has yet been given. Hertel 
and Schneider (ib:d., 1931, 202, 77), and Cox, Pinkard, Preston, and Wardlaw (J., 1932, 
2527) examined the salts by the X-ray method, but reached different conclusions. The 
former authors found a close relationship between the two forms; but the latter workers, 
employing also chemical means, concluded that the red salt was indistinguishable by 
microscopic and X-ray examination from the empirically isomeric triammine plato-salt, 
[Pt(NHg),Cl],PtCl,, discovered by Peyrone and afterwards studied by Cleve and by 
Tschugaieff. On a single occasion, however, they obtained, by crystallising the green 
salt from hydrochloric acid, a pink orthorhombic salt which gave a green trace on rubbing ; 
this salt was not the triammine plato-salt, though it gave almost the same X-ray diagram. 
They supposed it to be the true red form of Magnus’s salt, although, in fact, the latter gives 
not a green but a pink trace. They state that “‘ the supposed pink isomeride of the green 
salt of Magnus is usually Cleve’s salt, and the true pink isomeride (or polymeride) is only 
occasionally formed, under experimental conditions which are not fully understood.” 
The present work does not confirm this conclusion. 


The red salt was prepared on many occasions, but in no case was it identical with the triam- 
mine plato-salt. The latter is much more soluble in water than the red form of Magnus’s salt, 
and may easily be distinguished from it by this property ; the two salts, although they have rather 
similar colours, are, also distinct in general appearance. Chemical tests infallibly distinguish 
the two substances. Thus, cold aqueous sodium nitrate rapidly changes the red form into 
the green, but has no effect on the colour of the triammine plato-salt. Further, a lukewarm 
aqueous solution of [Pt(NH,),]Cl, sets free the triammine from its plato-salt, the green salt of 
Magnus being precipitated and the triammine being found in the filtrate; whereas the tetr- 
ammine reagent is for some time without action upon the red form of Magnus’s salt, and if, on 
heating, the latter is changed into the green salt, only the tetrammine and no triammine is 
found in the filtrate. Again, the following more elaborate procedure was used many times to 
test the various samples: the salts were powdered, and shaken in the cold with an excess of 
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aqueous silver nitrate, silver chloroplatinite being precipitated; excess of silver was precipitated 
from the filtered colourless solutions of the nitrates by means of hydrochloric acid or potassium 
chloride; the solutions were then tested by adding aqueous potassium chloroplatinite (see 
Jorgensen and Sérensen, Joc. cit.), that from the triammine plato-salt regenerating this initial 
salt as glittering, red, square plates soluble in hot water, whilst that from the red form of Mag- 
nus’s salt gave only the insoluble rectangular needles of the green form of that salt. When 
potassium chloropalladite was employed instead of the chloroplatinite, the solution from the 
triammine plato-salt gave glistening, golden-brown, square plates of chlorotriamminoplatinous 
chloropalladite, [Pt(NH,),Cl],PdCl, (Found: Pd-+ Pt, 61:0. H,gN,Cl,PdPt, requires 
Pd + Pt, 61-2%); whereas that from the red form of Magnus’s salt gave the insoluble, greyish- 
pink, slender needles of [Pt(NH),),]PdCl, (Found, in dried salt: Pt, 59-0. Calc.: Pt, 59-0%). 
The green form of Magnus’s salt gave the same result as the red form in the case of either reagent : 
(1) (PtONH,),JPtCl, “9 (PEC) J(NO,), ——> [PUNFA) IPaCK 
(Green or red form of (Greyish-pink 
Magnus’s salt.) needles.) 


(2) (Pt(NH,),cy,Peci, “"°S PravH,),cyno,) “"""% ppravn,),Cl,Pach, 


(Red salt of Peyrone.) (Golden-brown square plates.) 


Other considerations also show that the red form of Magnus’s salt cannot be identical with or 
contain the triammine plato-salt, when prepared from [Pt(NH,),]Cl, and a chloroplatinite. 
The tetrammine salt is made by dissolving one of the diammine dichlorides in excess of aqueous 
ammonia and allowing the strongly ammoniacal solution to evaporate. The triammine cannot 
survive in the presence of ammonia for more than a very short time, as was shown by direct 
experiments in which the authentic triammine was dissolved in water and treated with aqueous 
ammonia, the solution being tested at intervals. It is indeed exceedingly difficult to obtain the 
triammine by the action of even a limited quantity of ammonia upon a diammine, owing to the 
rapid conversion of the triammine into the tetrammine; and for this reason the triammine is 
invariably made by means of Tschugaieff’s potassium cyanate method. 

A cogent argument to the same effect is found also in the fact that the presence of ammonia 
actually favours the production of the red as against the green form of Magnus’s salt when the 
tetrammine is treated with a chloroplatinite, whilst the presence of acid has the reverse influence ; 
for, if the tetrammine solution actually contained triammine, ammonia would tend to change 
the latter into the former, whilst hydrochloric acid would tend to effect the reverse change. 
Cox and his co-workers employed an unusually large excess of ammonia when precipitating the 
red salt, and therefore the substance they obtained can scarcely have been a triammine salt. 

Those authors describe an experiment in which they claim to have effected a partial con- 
version of the authentic red triammine plato-salt into the green salt of Magnus, by grinding the 
former intimately with some of the latter and then boiling the mixture with water. Using an 
agate mortar and pestle, and making a very intimate mixture, we failed to detect any sign of 
conversion on boiling with water. It seems clear that the red form of Magnus’s salt has no 
connexion with the triammine plato-salt of Peyrone and Cleve. Indeed, if this be not so, it is 
difficult to understand Tschugaieff’s standard method of preparing the triammine, which in- 
volves its separation as plato-salt and decomposition of this into the triammine and Magnus’s 
green salt by treatment with the aqueous tetrammine : 


[Pt(NH,),Cl),PtCl, + [Pt(NH,),JCl, = 2[Pt(NH,),CIJCl + [Pt(NH,),)PtCh,. 


We carried out numerous preparations of the red and the green form of Magnus’s salt from 
the tetrammine chloride or oxalate and potassium or ammonium chloroplatinite solutions. 
The results were in general agreement with those of Jérgensen and Sérensen (see above) as to 
the effect of dilution and acidity, but there were occasional puzzling exceptions, for the same 
solutions would at times give opposite results when mixed in the same proportion; moreover, 
repetitions of the same experiment might persistently give the green form and then persistently 
the red. We also noticed the production of intermediately coloured forms, grey or greyish- 
green; these, when finely powdered, could be closely imitated by mixing the powdered red and 
green forms in various proportions. They usually resulted under median conditions, and are 
doubtless mixtures of the two basic forms; sometimes fractional precipitation could be effected, 
the green form separating first and then the red. 

The red and the green salt are closely similar in crystalline form when viewed under the 
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microscope; their solubilities are also similar, and no difference has been detected in their 
chemical reactions. It is therefore highly probable that they have the same molecular weight, 
and it seems certain that dichroism cannot explain their occurrence. 

The most interesting fresh observations made in the present experiments were: (i) that the 
red form can be prepared from certain chloroplatinite solutions even in the presence of con- 
centrated hydrochloric acid; and (ii) that some of the best samples of the red form are stable 
for a considerable time to boiling water and even to hot hydrochloric acid; addition of a little 
cf the green form does not seem to affect the stability. When chloroplatinous acid is prepared 
by dissolving platinous chloride in boiling concentrated hydrochloric acid, the filtered solution 
almost invariably gives rise to the red form when treated with the aqueous tetrammine; usually 
the crystals obtained in this way are of good colour and form, and are of exceptional stability 
(compare also J., 1934, 1792). The factor which determines whether the red or the green form 
shall be produced may therefore reside in the condition of the chloroplatinite ion, rather than 
in that of the plato-tetrammine. 


Although no other pair of red and green isomeric plato-salts of this kind is known, 
the literature contains examples of a few other green and of many other red or reddish 
plato-tetrammine salts. Thus, substitution of the four ammonia residues of [Pt(NHg),]PtCl, 
by methyl-, -butyl-, isobutyl-, or amyl-amine gives rise to a green salt in each case; but 
similar substitution of ethyl- or -propyl-amine gives rise to a red salt. The bromo- 
platinite, [Pt(NH,Et),]PtBr,, which we prepared is, however, a green salt, so the ethyl- 
amine compounds present an interesting case. 

The facts so far recorded indicate that the red and the green form of Magnus’s salt 
are so closely related that there can be no great difference of structure ; the case recalls that 
of the a- and the y-form of Pt(NH,),Cl,. It is suggested, tentatively, that the red and the 
green form are electroisomerides, the difference depending upon the location of the charges. 


We thank H.M. Department of Scientific and Industrial Research for a generous grant. 
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375. Polar and Non-polar Effects in Esterification. 
By C. N. HINsHELWoop and A. R. LEGARD. 


THE esterification of a carboxylic acid involves the bond ruptures R-CO:OH and R’O!H. 
If the reaction is catalysed by undissociated molecules of the reacting acid, then there is 
a proton transfer involving the rupture R-COO'H. The two processes occurring in the 
acid will be oppositely influenced by polar substituents, and it is difficult to predict whether 
the substituents will increase or decrease the rate of reaction. Actually, trichloroacetic 
acid reacts with benzyl alcohol more readily than acetic acid, and the corresponding energy 
of activation is about 2000 calories lower (Hinshelwood and Legard, this vol., p. 587). 
When the catalyst consists of hydrions, e.g., from added hydrogen chloride, this com- 
pensation will not occur, and the polar effect of the substituents should be more clearly 
marked. Hence, it appeared useful to supplement the series of reactions previously studied 
by the series : acetic acid, trichloroacetic acid, trimethylacetic acid, with hydrogen chloride 
as catalyst and with a given alcohol. Ethyl alcohol had to be chosen, since benzyl alcohol 
reacts too rapidly with hydrogen chloride, and the methyl ester of trichloroacetic acid is so 
readily hydrolysed that it is impossible to follow the reaction in methyl alcohol by the 
ordinary alkali tifration method, even using ammonia. 

It is known from the work of Sudborough and Lloyd (J., 1899,.75, 467) that under the 
influence of hydrogen chloride trichloroactic acid reacts with ethyl alcohol much more 
slowly than acetic acid. The energy of activation of the reaction has not been determined, 
however, and it is doubtful whether previous measurements have separated the contri- 
butions to the total reaction of the hydrion-catalysed and the autocatalytic process. This 
separation happens to be rather difficult in the present case. Trimethylacetic acid was 
also found by Sudborough and Lloyd to be esterified much more slowly than acetic acid. 
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This is the reverse of what might be expected from the polar effects of the methyl groups, 
a fact which adds interest to the determination of the activation energy. 
The following table summarises the important results. The data are, we believe, 


Acid. Catalyst. E. k at 25°. Acid. Catalyst. E. k at 25°. 
CH,CO,H EtOH,* 9,900 1:48 x 10% CCl,CO,H EtOH,+ 13,400 1-14 x 10 
CMe,‘CO,H EtOH,+ 12,700 2:19x 10* CCl,CO,H CCl,°CO,H 12,900 2°16 x 10°* 


significant, and comparable among themselves for our present purpose, but for practical 
reasons those for trichloroacetic acid cannot be of the highest degree of accuracy. 

The conclusions to be drawn from the table are : 

(1) The autocatalytic esterification of trichloroacetic acid is very much slower than the 
hydrion-catalysed reaction in spite of the fact that the activation energy is no greater. 
This provides another example of the fact that the factor P (see this vol., p. 587) is much 
greater for the reaction involving the charged catalyst. 

(2) The hydrion-catalysed reaction of trichloroacetic acid is much slower than that of 
acetic acid, and the activation energy is correspondingly higher. This is what would be 
expected from the polar effect of the chlorine atoms in making the detachment of the 
hydroxyl group from the acid more difficult. 


CCls-C0,H 


CCl3-CO,H 
CC13-CO,H 


i 








-2 7) 


(3) The hydrion-catalysed reaction of trimethylacetic acid is much slower than that of 
acetic acid, and the activation energy is also higher; but these two effects are the opposite 
of what might be expected from the polar influence of the methyl groups, which lower the 
dissociation constant of the acid, and might therefore be expected to facilitate the splitting 
off of the hydroxyl group. The increase in activation energy and the reduction of reaction 
velocity must therefore depend upon an influence of the methyl groups which cannot 
appropriately be called polar. It is of interest to note that this influence operates on E, 
and not simply on the factor P. / 

(4) The fact that methyl groups and chlorine atoms both reduce the rate of esterification 
has sometimes been taken to indicate that neither influence is a polar one. It seems clear 
that with trimethylacetic acid the effect is of another kind, but we are inclined to think 
that the principal action of the chlorine atoms in trichloroacetic acid is, in fact, a polar one 
for the following reason. When the reaction is catalysed by trichloroacetic acid itself, 
it is faster than the reaction of the unsubstituted acid, on account of the compensating 
effect discussed above. The easiest way to interpret the compensation is in terms of polar 
influences. It is quite reasonable to assume that polar effects predominate in trichloro- 
but not in trimethyl-acetic acid: the dissociation constant of the latter is of the order of 
only ten times smaller than that of acetic acid, whereas that of the trichloro-acid is thousands 
of times greater. 

The relative importance of changes in EF and in P in determining the variation of reaction 
rate is shown in the figure by the method described in our previous paper. 
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EXPERIMENTAL. 


Trichloroacetic acid was purified by distillation, and acetic acid by repeated freezing. Tri- 
methylacetic acid, for which we are indebted to Mr. T. W. J. Taylor, had been fractionated in a 
vacuum, and was further purified by fractional crystallisation from the melt. The alcohol had 
been dehydrated for conductivity work, though the extremely hygroscopic nature of the solutes 
makes it doubtful whether the initial solutions were absolutely anhydrous. Every care was, 
however, taken to minimise the absorption of water vapour. Buffer solutions containing 
sodium trichloroacetate were made by adding standardised solutions of sodium ethoxide to 
the acid. 

With acetic acid and trimethylacetic acid, the only reaction occurring under the conditions 
of the experiments is the hydrion-catalysed reaction, and the concentration of the hydrion can 
be taken without appreciable error as that of the added hydrogen chloride. Goldschmidt’s 
formula can be applied for the calculation of the velocity constants (for formule, see Trans. 
Faraday Soc., 1934, 30, 1145). The values of r adopted were as follows: 0°, 0-05; 20°, 0-09; 
40°, 0-15; 60°, 0-26. (These are smaller than the corresponding values for methyl alcohol, 
which means that the retarding action of water is more serious with ethyl alcohol; i.e., that 
ethyl alcohol competes less effectively than methyl alcohol for the hydrions. It must be 
remembered, however, that r is a very sensitive constant, and that it would be infinite in the case 
of no retardation by water. Small changes in the reaction—time curve mean large changes in r, 
and conversely, a very rough value of r is all that is needed to give quite good velocity constants. 
Thus the difference between methy] and ethyl alcohol in this respect is less marked than it might 
seem.) 

With trichloroacetic acid, several difficulties arise. First, the ethyl ester is rapidly hydrolysed 
by alkali. To follow the reaction, therefore, the solutions were rapidly titrated with standard 
ammonia solution, methyl-red being used as indicator. Secondly, the reaction is much more 
complex kinetically. There is a considerable contribution from the autocatalytic reaction 
even in presence of hydrogen chloride, and in the absence of hydrogen chloride there is a con- 
siderable contribution from the hydrion-catalysed reaction, the dissociation of trichloroacetic 
acid in alcohol, though small, being appreciable. 

Hence, neither of the constants in the equation 


— d{HX]/dt = k,[HX][ROH,*] + &,{[HX]* 


can be isolated by a direct experiment. The method adopted for obtaining them was as 
follows. 

(1) The rate of reaction was measured in presence of buffer solutions containing 0-40N- 
trichloroacetic acid and 0-01N-, 0-05N-, or 0-1N-sodium salt. In all these the hydrion con- 
centration could be taken as negligible. The catalytic effect of the buffer at the two higher 
concentrations was small enough to allow the reaction rate in presence of 0-01N buffer to be 
regarded as approximately that of the autocatalytic reaction, and the corresponding bimolecular 
constants were calculated, and taken as provisional values of k,. From the constants the initial 
rate of reaction was calculated. 

(2) Curves were next plotted for initial rates (as found by tangents in each run) against 
[HCl], and extrapolation of these to [HCI] = 0 yielded values in approximate agreement with 
those found in (1), the hydrogen chloride having repressed the ionisation of the trichloroacetic 
acid. By drawing the best straight line through all the points, including that found in (1), 
approximate values of k, and k, could be determined. This is the best we can do for k,, but the 
results are reasonably reliable since the values obtained from (1) and (2) check. 

(3) Rather more accurate values for ky are now found as follows. The above equation is 
integrated, giving 
__ 2-303 , a{(a — x) + Ke} 
fg (a — x) {a + Ke} 


where a is the initial concentration of the acid, c that of the hydrogen chloride, and K = o/h). 
For K we use the provisional values found in (2). A series of values of ky are now calculated from 
the values of x and ¢ for the experiments in presence of hydrogen chloride. The values found are 
not constant but fall with increasing x, since the equation only holds for the initial rate, k, 
diminishing as water is formed, in accordance with Goldschmidt’s formula. Finally, therefore, 
the series of k, values are plotted against x and extrapolated to zero. The result is taken as the 


final value for hy. 


t 
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Trichloroacetic acid. 





hk, X 108. 
ky X 104, By extra- From 0°01N- 
Temp. (HCl). ky X 104. mean. polation. buffer. Mean. 
60°0° 0°02 10°6 
0°01 10°5 10°6 21°5 21°3 21°4 
0°005 10°9 
50: . . 
mand oa oe) 6-97 102 11:2 10°7 
42°7 0-02 4°26 | 
0°01 4°52 4°32 5°95 6°77 6°36 
0-005 4°18 
35°6 0-02 2°13 
0°01 2°27 2°36 3°43 3°10 3°26 
0°005 2°69 
25-0 0-02 1:33 
0-015 lll 1°14 1°95 2°38 2°16 
0°010 1-00 


The values given in the foregoing table satisfy the Arrhenius equation as well as can be 
expected when the inherent difficulties are taken into account. 


Trimethylacetic acid. 


a = 0°200. 
TIDE di secasecrecennssssvessnasisorenesseacsvstees 60°4° 45°3° 25°7° 0°2° 
EE SE BP annninasrcnnndntinaeaiminaodkeneene 21-0 7°85 2°26 0-264 
Acetic acid. 
i iil ihc cebuaicinecceibimeiitionglhs 50-0° 45°3° 37°1° 25°1° 
ESE nes See are .* ABR enere er 53°2 42°4 30°5 14°75 


lor acetic and trimethylacetic acids the Goldschmidt formula and the Arrhenius equation are 
both well satisfied, but no very elaborate series of measurements was made to ensure the maxi- 
mum possible accuracy since the results were only needed for comparison with those for trichloro- 
acetic acid, where the nature of the problem made the highest accuracy unattainable. 


We are indebted to Imperial Chemical Industries, Ltd., for a grant. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, September 21st, 1935.] 





376. Substitution in Arylsulphon-1- and -2-naphthalides. 
By RAPHAEL CONSDEN and JOSEPH KENYON. 


ALTHOUGH the recorded data are scanty, substitution in arylsulphon-1- and -2-naphthalides 
indicates that the sulphonamido-group has an activating power comparable with that of 
hydroxyl. Under mild conditions p-toluenesulphon-1l-naphthalide gives the 2 : 4-dinitro- 
derivative, and the corresponding 2-naphthalide readily undergoes nitration in positions 
1 and 6 (Morgan and Evens, J., 1919, 115, 1127). Employing m-nitrobenzenesulphon-2- 
naphthalide, Bell (J., 1929, 2784) has shown that trinitration takes place in positions 
1:6:8. The similarity in behaviour between a naphthol and a naphthalide is shown also 
by p-toluenesulphon-1 (and -2)-naphthalides undergoing coupling with diazotised amines as 
readily as do the corresponding naphthols (Witt, Ber., 1894, 27, 2370). 

It appeared of interest to ascertain whether an arylsulphon-l-naphthalide would be 
nitrated in the same way as «a-naphthol. In harmony with electronic considerations (I), 
the latter substance undergoes nitration in positions 2: 4:5 and 2: 4:7 (Ekstrand, Ber., 
1878, 11, 162; Kehrmann and Haberkant, zb7d., 1898, 31, 2420; Steiner, zbid., 1900, 33, 
3285). By the nitration of 2 : 4-dinitro-«-naphthol with fuming nitric acid or a mixture 
of acetic and nitric acids 2 : 4: 5- and 2: 4: 7-trinitro-«-naphthols were produced in the 
ratio of about 5 : 2; position 5 therefore appears to be more highly activated than position 7. 

Nitration of m-nitrobenzenesulphon-1-naphthalide yields first the 2 : 4-dinstro-derivative ; 
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further entry of a nitro-group occurs in position 5. Apparently no substitution takes place 
in position 7, but, since the 2: 4 : 5-¢rinitro-derivative (II) is obtained under fairly mild 
conditions, there can be no doubt that position 5 is activated by the 1-arylsulphonamido- 
group. The trinitro-compound was oriented by its preparation from the 5-nitro- 


compound. 













Y : 
we AQ NHX NHX 
bis | D | om NO, mild 
@) | D nitration 
WNG No, No, Xo, 
t (II.) (X = NO,°C,H,°SO,) 





(I.) 


Attempts to prepare the 4-nitro-derivative by nitration of #-toluenesulphon-1l-naphth- 
alide in acetic acid solution or by means of dilute nitric acid yielded mainly 2 : 4-dinitro- 
1-p-toluenesulphon-naphthalide, a result in agreement with the findings of Hodgson and 
Walker (J., 1934, 180): there was obtained, however, by the former procedure a small 
proportion of 2-nztro-1-p-toluenesulphon-naphthalide. 

Bromination of m-nitrobenzenesulphon-1-naphthalide is in marked contrast to nitration. 
In chloroform solution, even with two molecular proportions of bromine, this substance 
gave only the 4-bromo-derivative (III). It has, however, been shown by Bell (J., 1931, 


NHX NHX NHX 
o6 Bry OO Am Oy" 
CHCl, Py 
r r 
(III.) (IV.) 


2340) that the reactivity of a sulphonamido-substituent is enhanced by salt formation in 
pyridine, owing to the production of a negative nitrogen pole: *NH-SO,R——> 


= + 
‘N-SO,R,HNC;H;. When bromination by this method was tried, compound (III) gave an 
almost theoretical yield of the 2 : 4-dibromo-derivative (IV). Bromination of the unsubsti- 
tuted naphthalide in pyridine solution with one molecular proportion of bromine gave a 
mixture of (IV) and unchanged material, so bromination of an arylsulphon-1l-naphthalide 
in pyridine solution is parallel to nitration in acetic acid solution. 

The failure of arylsulphon-1-naphthalides to undergo bromination in the 2-position by 
ordinary means is further exemplified by 4-nitro-1-p-toluenesulphon-naphthalide being 
unacted upon by bromine in chloroform solution, but yielding the 2-bromo-derivative in 
pyridine solution. 

Bromination of l-naphthalides is therefore in marked contrast to their nitration. 
Whereas three nitro-groups can be introduced with ease, only dibromination can occur, and 
special conditions are necessary for the entry of a bromine atom in the 2-position. This 
difference between bromination and nitration has an interesting analogy in the reactions of 
a 2-arylsulphonamidodiphenyl (Bell, loc. cit.) : 2-m-nitrobenzenesulphonamidodiphenyl 
undergoes facile trinitration in acetic acid solution; 2-p-toluenesulphonamidodiphenyl, in 
chloroform solution, undergoes monobromination only to give the 5-bromo-derivative, and 
this in pyridine solution undergoes further bromination in the 3-position. 

Bromination of an arylsulphon-2-naphthalide in chloroform solution appears to proceed 
normally (Bell, J., 1932, 2732), to give first the 1-bromo- and then the 1 : 6-dibromo-deriv- 
ative; bromination in chloroform solution therefore seems to be parallel to nitration in 
acetic acid solution. In pyridine solution, bromination occurs in the 1- and the 3-position 
(Bell, loc. cit.); this type of reaction has now been extended to 1-nitro-2-p-toluenesulphon- 
naphthalide, the analogous 3-bromo-1-mnitro-2-toluenesulphon-naphthalide (V) being obtained. 

The orientation of (V) indicated by the scheme below necessitated the preparation of 
3-bromo-2-naphthylamine (VII); this was obtained by the reduction of 1 : 3-dibromo-2- 
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naphthylamine (Bell, Joc. cit.) with tin and hydrochloric acid (cf. Franzen and Staiible, 
J. pr. Chem., 1920, 101, 58, on the reduction of brominated 6-naphthols and $-naphthyl- 
amines). 


NO, NO, 


NHT Br NHT NHT NH 
OO" = COR - OOi — OOF 
(T = SO,°C,H,) (V.) (VI.) (VIL.) 


The naphthalide (V1) on nitration in acetic acid solution yielded (V). 3-Bromo-1-nitro- 
2-naphthylamine on deamination gave 3-bromo-1-nitronaphthalene (Vesely and Chudozilow, 
Chem. Listy, 1925, 19, 260; Hodgson and Elliott, J., 1934, 1705), which was identical with 
that obtained by the deamination of 2-bromo-4-nitro-1-naphthylamine. 

1 : 6-Dinitro-2-p-toluenesulphon-naphthalide also underwent bromination in pyridine 
solution ; the constitution of the product could not be proved owing to the failure of (V) 
to undergo further nitration, yet there can be little doubt that it is the 3-bromo-derivative 
(VIII), by analogy with the bromination product of the 1-nitro-naphthalide. 

The above results show that bromination of 2-naphthalides is not in marked contrast 
to nitration as is the case with l-naphthalides. Three substituting groups can be made 
to enter the nucleus, and in this respect 2-naphthalides bear an interesting analogy to 4- 
arylsulphonamidodiphenyls (Bell, J., 1928, 2118; 1930, 1076). Nitration takes place in 
positions 3:4’: 5 and bromination by ordinary means in positions 3:4’ and then (in 
pyridine) in position 5; in both the naphthalene and the diphenyl series, bromination in 
pyridine appears to be homonuclear. 


NO, NO, 


NHT Bn 
wof X) — vol YR 
(VIIL.) 
Pe 
(IX.) 


The enhanced reactivity of the sulphonamido-group in pyridine solution is further 
illustrated by the formation of iodo-derivatives. For example, /-toluenesulphon-2- 
naphthalide in pyridine solution gives the 1-todo-derivative (IX) with iodine, iodine chloride, 
or iodine trichloride. This compound readily reacts with nitrous acid to give the 1-nitro- 
naphthalide, a reaction which serves to determine its constitution. 

p-Toluenesulphon-f’-toluidide, 2-p-toluenesulphonamidodiphenyl, and 4--toluene- 
sulphonamidodipheny] also gave todo-derivatives by each of these methods. 


EXPERIMENTAL. 


m-Nitrobenzenesulphon-\-naphthalide, obtained from the interaction of «-naphthylamine 
and m-nitrobenzenesulphonyl chloride in pyridine, formed plates, m. p. 162—164°, from acetic 
acid (Found : N, 8-6. C,gH,,0,N,S requires N, 8-5%). 

Nitration. (a) The naphthalide (30 g.) was suspended in acetic acid (240 c.c.) and warmed 
gently on the steam-bath with the addition of concentrated nitric acid (18 c.c.) in acetic acid 
(18 c.c.). Nitration occurred with dissolution of the naphthalide. After cooling, the yellow 
crystalline precipitate of 2 : 4-dinitro-1-m-nitrobenzenesulphon-naphthalide was collected and 
recrystallised from acetic acid, forming needles (24 g.), m. p. 185—188° (Found: N, 13-4. 
Ci gH yO,N,S requires N, 13-49%). Hydrolysis with concentrated sulphuric acid furnished 2 : 4- 
dinitro-1-naphthylamine, m. p. 235°. 

(b) The dinitro-naphthalide (5 g.) was added slowly to ice-cold fuming nitric acid (15 c.c.). 
After } hour, the solution was diluted with acetic acid (20 c.c.) and filtered from 2: 4: 5-tri- 
nitvo-1-m-nitrobenzenesulphon-naphthalide, m. p. 215° (decomp.) after recrystallisation from 

5L . 
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acetic acid (Found: N, 14-8. C,,H,O, 9N,S requires N, 15-1%). Apart from a further quantity 
of this substance, no other product was obtained by dilution of the mother-liquor. 

(c) The dinitro-naphthalide (5 g.) was gently heated on the water-bath with a mixture of 
acetic acid (10 c.c.) and fuming nitric acid (10. c.c.). Nitration occurred with dissolution of the 
naphthalide and, on cooling, the 2: 4: 5-trinitro-derivative separated, identical with that 
obtained in (b). 

5-Nitro-1-m-nitrobenzenesulphon-naphthalide, obtained by the interaction in pyridine solution 
of m-nitrobenzenesulphony] chloride and 5-nitro-«-naphthylamine (Morgan and Micklethwaite, 
J., 1906, 89, 7), formed plates, m. p. 208—210°, from acetic acid or alcoholic pyridine (Found : 
N, 11-5. C,,sH,,0O,N,S requires N, 11-3%). 

Nitration. A mixture of this compound (2 g.) with acetic acid (15 c.c.) and nitric acid 
(2 c.c.) was warmed gently. The naphthalide dissolved and was thereafter precipitated as the 
2: 4: 5-trinitro-derivative, m. p. 215° alone or mixed with that from (b) or (c) above. This 
substance on solution in hot pyridine and dilution with alcohol separated as the pyridine salt, 
m. p. 170—175° (Found: N, 15-2. C,,H,O,)9N;S,C;H;N requires N, 15-5%), which was re- 
converted into the naphthalide by admixture with hydrochloric acid or crystallisation from 
acetic acid. 

Bromination of m-Nitrobenzenesulphon-1-naphthalide.—(a) To this compound (6 g.) in chloro- 
form (25 c.c.), bromine (2 c.c.; 2 mols.) in chloroform (5 c.c.) was added. After the initial 
vigorous reaction, accompanied by evolution of hydrogen bromide, had abated, the solution was 
heated under reflux for 1 hour. The crystalline precipitate of 4-bromo-1-m-nitirobenzenesul- 
phon-naphthalide was collected after cooling and recrystallised from acetic acid, forming colour- 
less plates (7 g.), m. p. 174—176° (Found: Br, 19-3. C,,H,,O,N,BrS requires Br, 19-7%). 
Its identity was established by hydrolysis with ice-cold concentrated sulphuric acid to give 4- 
bromo-«-naphthylamine, m. p. 102° (acetyl derivative, m. p. 193°). 

(b) Toa solution of the 4-bromo-naphthalide (2-5 g.) in pyridine, bromine (0-3 c.c.) was added 
drop by drop. After 12 hours, the semi-solid mass was triturated with hydrochloric acid, and 
the residue crystallised from a large bulk of acetic acid, from which it separated as short fine 
needles (2-6 g.), m. p. 232—233°. This was identical with the compound obtained from the 
interaction of 2: 4-dibromo-a-naphthylamine (5 g.) and m-nitrobenzenesulphony! chloride 
(3-7 g.) in pyridine and was therefore 2 : 4-dibromo-1-m-nitrobenzenesulphon-naphthalide (Found : 
N, 5-9. C,,H,,O,N,Br,S requires N, 5-8%). 

Bromination of «-Naphthylamine.—The preparation of 2 : 4-dibromo-a-naphthylamine from 
the corresponding acetonaphthalide described by Meldola (J., 1883, 43, 4; Ber., 1878, 11, 

1904) is not a suitable method owing to the slowness with which 4-bromo-1l-acetonaphthalide 
undergoes further bromination. A more convenient method has been found in the direct 
bromination of a-naphthylamine itself. a-Naphthylamine (28 g.), dissolved in acetic acid 
(100 c.c.), was added in the cold to a solution of bromine (22 c.c.) in acetic acid (200 c.c.). A 
pasty green mass was formed, and little hydrogen bromide evolved. The mixture was stirred 
on the water-bath with addition of a further quantity of acetic acid (100 c.c.). Hydrogen 
bromide was given off and the precipitate became white. The hydrobromide of 2 : 4-dibromo- 
a-naphthylamine was collected and washed with acetic acid, the yield being theoretical (75 g.). 
The salt (75 g.) was heated with alcohol (250 c.c.) under reflux, and a solution of sodium hydroxide 
(10 g.) in the minimum quantity of water added. Dissolution soon occurred, and after being 
filtered hot, 2 : 4-dibromo-«-naphthylamine, m. p. 116—118°, crystallised as brownish plates 
(acetyl derivative, m. p. 226°). Meldola (loc. cit.) gives m. p. 118—119° and 225° respectively. 

Bromination of 4-Nitro-1-p-toluenesulphon-naphthalide.—This substance was recovered un- 
changed after heating with a mixture of bromine and chloroform, but was brominated as 
follows : To 5 g. in pyridine, bromine (0-7 c.c.) was added drop by drop. After 12 hours the 
pyridine was removed by hydrochloric acid, and the gummy residue triturated with alcohol. 
Crystallisation from acetic acid furnished yellow rhombohedra, m. p. 193—195°, of 2-bromo-4- 
nitro-1-p-toluenesulphon-naphthalide (Found: N, 6-7. C,,H,;0,N,BrS requires N, 6-65%)- 
The constitution of this compound was confirmed by hydrolysis with ice-cold concentrated 
sulphuric acid to give 2-bromo-4-nitro-l-naphthylamine, m. p. 249° (Hodgson and Elliott, /oc. 
cit.), alone or mixed with an authentic specimen. 

Nitration of p-Toluenesulphon-1-naphthalide.—A mixture of the naphthalide (20 g.), acetic 
acid (100 c.c.), and concentrated nitric acid (7 c.c.) was shaken, the naphthalide rapidly dissolving 
with evolution of heat. After 20 minutes, yellow crystals of impure 2 : 4-dinitro-naphthalide 
appeared (cf. Hodgson and Walker, Joc. cit.). The mother-liquors from the nitration mixture 
and recrystallisations were combined and diluted with water. The deposited gummy material 
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was dissolved in boiling alcohol, and the cold solution, after filtration from a further quantity of 
crystals, left for 12 hours; deep yellow plates (ca. 0-5 g.) of 2-nitro-1-p-toluenesulphon-naph- 
thalide, m. p. 154°, were deposited (Found: N, 8-2. C,,H,,0,N,S requires N, 8:2%). The 
constitution of this compound was confirmed by hydrolysis with sulphuric acid, 2-nitro-1- 
naphthylamine, m. p. 183° alone or mixed with an authentic specimen, being produced. 

Nitration of 2 : 4-Dinitro-a-naphthol (Morgan and Evens, J., 1919, 115, 1128).—-(a) 5G. were 
added to ice-cold fuming nitric acid (10 c.c.) and after 5 minutes the solution was diluted with 
acetic acid (10 c.c.) and left to crystallise. The almost pure 2: 4: 5-trinitro-x-naphthol (m. p. 
183°) was collected and recrystallised from acetic acid, forming yellow prisms, m. p. 190° (2 g.). 
The nitric—acetic acid mother-liquor was poured into water; the gummy precipitate, after two 
crystallisations from acetic acid, yielded yellow needles, m. p. 145° (decomp.), of 2 : 4 : 7-trinitro- 
a-naphthol (0-8 g.). 

(b) 2: 4-Dinitro-«-naphthol (5 g.) was added in small quantities to a cold mixture of fuming 
nitric acid (10 c.c.) and acetic acid (10. c.c.). After standing at room temperature for 12 hours, 
the crystalline deposit of 2: 4: 5-trinitro-«-naphthol was collected and recrystallised (2 g., 
m. p. 190°) from acetic acid. The mother-liquor on dilution with water gave 2: 4: 7-trinitro- 
a-naphthol (0-9 g.). 

1-Bromo-2-p-toluenesulphon-naphthalide.—To a mixture of the naphthalide (15 g.) and chloro- 
form (50 c.c.) was added bromine (2-8 c.c.) in chloroform (10 c.c.). After the initial reaction, 
the solution was heated under reflux for 1} hours. On cooling, white needles (3 g.) of 1-bromo- 
2-naphthylamine hydrobromide, m. p. 228° (decomp.), were deposited (converted by alkali into 
the free base, m. p. 63°). The filtered solution after evaporation to small bulk and dilution with 
ligroin deposited an oil, which solidified after trituration. This crystallised from alcohol in 
stout needles (15 g.), m. p. 100° alone or mixed with authentic 1-bromo-naphthalide (Bell, J., 
1932, 2732). 

3-Bromo-2-naphthylamine.—A mixture of 1: 3-dibromo-2-naphthylamine (Bell, loc. cit.) 
(5 g.), alcohol (40 c.c.), concentrated hydrochloric acid (40 c.c.), and granulated tin (5 g.) was 
heated under reflux for 2 hours. The filtered cold solution deposited 3-bromo-2-naphthylamine 
hydrochloride, which was decomposed with hot alcoholic sodium hydroxide to yield the free 
base; this formed lustrous plates (3 g.), m. p. 173°, from alcohol (Found: N, 6-2. C,,H,NBr 
requires N, 6-3%). By interaction with acetic anhydride, 3-bromo-2-naphthylamine furnished 
3-bromo-2-acetonaphthalide in parallelepipeds, m. p. 177° (large depression when mixed with 
the base) (Found : N, 5-4. C,,H,,ONBr requires N, 5-3%). 

3-Bromo-2-p-ioluenesulphon-naphthalide, obtained from the interaction of 3-bromo-2-naph- 
thylamine and -toluenesulphony] chloride in pyridine, crystallised from alcohol in fine needles, 
m. p. 127—129° (Found: N, 3-8. C,,H,,O,NBrS requires N, 3-7%). 

3-Bromo-1-nitro-2-p-toluenesulphon-naphthalide.—(a) This was prepared by the nitration of 
the 3-bromo-naphthalide (1 g.) in acetic acid (5 c.c.) and nitric acid (0-3 c.c.); it crystallised from 
alcoholic pyridine in pale yellow plates, m. p. 237—239° (decomp.). 

(b) To 1-nitro-2-p-toluenesulphon-naphthalide (10 g.) (Morgan and Micklethwaite, J., 1912, 
101, 148) in pyridine solution, bromine (1-6 c.c.) was added drop by drop. After 12 hours the 
mass was triturated with dilute hydrochloric acid, and the solid product crystallised from 
alcoholic pyridine. This substance had m. p. 237—239° alone or mixed with that obtained in 
(a) and was therefore 3-bromo-1-nitro-2-p-toluenesulphon-naphthalide (Found: N, 6-6. 
C,,H,,;0,N,BrS requires N, 6-65%). 

Reduction with either tin and hydrochloric acid or zinc and acetic acid furnished 3-bromo- 
2-p-toluenesulphon-1 : 2-naphthylenediamine, which crystallised from acetic acid in needles, 
m. p. 185° (Found: N, 7-0. C,,H,,0,N,BrS requires N, 7-2%). 

3-Bromo-1-nitro-2-naphthylamine, obtained by the careful addition of the 3-bromo-1-nitro- 
naphthalide to ice-cold concentrated sulphuric acid, formed orange needles, m. p. 105°, from 
alcohol (Found: N, 10-2. C,H,O,N,Br requires N, 10-5%). This was converted by boiling 
with N-sodium hydroxide for 6 hours into 3-bromo-1-nitro-2-naphthol, which crystallised from 
alcohol in yellow plates, m. p. 131° (decomp.) (Found: N, 5-1. C,jgH,O,NBr requires N, 
52%). 

To a hot solution of the amine in acetic anhydride a drop of concentrated sulphuric acid 
was added. On cooling, 3-bromo-1-nitro-2-acetonaphthalide separated ; it formed yellow needles 
from alcohel, m. p. 136° (Found : N, 9-0. C,,H,O,N,Br requires N, 9-1%). 

Reduction of 3-bromo-1-nitro-2-naphthylamine with tin and hydrochloric acid proceeded 
no further than 3-bromo-1 : 2-naphthylenediamine, which formed needles, m. p. 85° (decomp.), 
from aqueous alcohol (Found: N, 11-5. C,H,N,Br requires N, 11-8%). The 1-nitro-group, 
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unlike the 1-bromine atom in 1 ; 3-dibromo-2-naphthylamine, was not removed. The diamine 
gave, with benzilin hot alcoholic solution, the guinoxaline derivative, which formed yellow plates, 
m. p. 195—199°, from acetic acid (Found: N, 6-8. C,,H,;N,Br requires N, 6-8%); it gave an 
intense violet coloration with concentrated sulphuric acid. 

Bromination of 1 : 6-Dinttro-2-p-toluenesulphon-naphthalide.—This compound (4 g.) gave with 
bromine (0-33 c.c.) in pyridine 3-bromo-1 : 6-dinitro-2-p-toluenesulphon-naphthalide, which 
formed pale yellow rhombs, m. p. 228—231° (decomp.), from acetic acid (Found: N, 91. 
C,,H,,0,N,BrS requires N, 9-0%). Hydrolysis with concentrated sulphuric acid furnished 
3-bromo-1 : 6-dinitro-2-naphthylamine, which formed golden needles, m. p. 238—241°, from 
alcohol (Found: N, 13-9. C,gH,O,N,Br requires N, 13-5%). A hot solution of this amine in 
acetic anhydride, on the addition of a drop of concentrated sulphuric acid, deposited 3-bromo- 
1 : 6-dinttro-2-acetonaphthalide which formed white needles, m. p. 273—277° (decomp.), from 
acetic acid (Found: N, 12-0. C,,H,O;N,Br requires N, 11-9%). 

Iodination of Sulphonanilides.—To -toluenesulphon-2-naphthalide (5 g.) in pyridine, 
iodine, iodine chloride, or iodine trichloride (1 mol.) was added. After 12 hours, treatment with 
hydrochloric acid produced an oil. The excess of iodine was removed with sulphur dioxide, and 
the oily residue rendered solid by trituration with alcohol. Crystallisation from alcohol furnished 
stout prisms (average yield, 2-5 g.), m. p. 126—127°, of 1-iodo-2-p-toluenesulphon-naphthalide 
(Found: N, 3-3. C,,H,,0O,NIS requires N, 3-3%). The constitution of this compound was 
confirmed by warming 1 g. in acetic acid on the water-bath with addition of sodium nitrite 
(0-2 g.) for 3 hours. The deep brown solution, on cooling, deposited 1-nitro-2-p-toluenesulphon- 
2-naphthalide, m. p. 160° alone or mixed with an authentic specimen. 

Attempts to convert the iodo-naphthalide into the amine by hydrolysis with concentrated 
sulphuric acid or alcoholic hydrochloric acid were unsuccessful, the product decomposing 
rapidly after basification and liberating iodine. This confirms Meldola’s observation (J., 1885, 
47, 520) on the instability of 1-iodo-2-naphthylamine. 

The following iodo-derivatives also were obtained by the above methods : 3-Jodo-2-p-ioluene- 
sulphonamidodiphenyl, prisms, m. p. 114—115°, from alcohol (Found: N, 3-1. C,,H,,O,NIS 
requires N, 3-1%). 3-Iodo-4-p-ioluenesulphonamidodiphenyl, m. p. 109—115° (Found: N, 3-1. 
C,,H,,O,NIS requires N, 3:1%). 2-Iodo-p-toluenesulphon-p-toluidide, m. p. 127—132° (Found : 
N, 3-4. C,,H,,0O,NIS requires N, 3-6%). 


Thanks are due to Imperial Chemical Industries (Dyestuffs Group) for a grant and to Dr. 
I’, Bell for advice. 
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377. The Action of Bromine on 2- and 4-Nitro-1-naphthylamines. 


By RAPHAEL CONSDEN and JOSEPH KENYON. 


THE work herein described arose from attempts to brominate 4-nitro-l-naphthylamine in 
chloroform or acetic acid suspension by addition of bromine. In chloroform suspension, 
the product was 2 : 4-dibromo-l-naphthalenediazo-perbromide; this lost nitrogen and 
bromine to furnish 1 : 2: 4-tribromonaphthalene (Meldola, J., 1883, 48, 4). In acetic 
acid suspension the principal product was 2-bromo-4-nitro-l-naphthylamine (obtained 
by Hodgson and Elliot, J., 1934, 1706, by the action of bromine on 4-nitro-l-naphthylamine 
in nitrobenzene solution), but a small proportion of the diazo-perbromide also was produced. 
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In both chloroform and acetic acid suspensions 2-bromo-4-nitro-l-naphthylamine with an 
excess of bromine yielded 2 : 4-dibromo-1-naphthalenediazo-perbromide. 
2-Nitro-l-naphthylamine in chloroform or acetic acid suspension reacted cleanly with 
bromine, with evolution of hydrogen bromide, to furnish 4-bromo-2-nitro-l1-naphthylamine. 
Further bromination produced 2 : 4-dibromo-1-naphthalenediazo-perbromide. 
In the benzene series there is apparently no record of the formation of diazo-perbromides 
by this type of reaction; with bromine, o- and #-nitroanilines yield bromo-derivatives. 


EXPERIMENTAL. 

Bromination of 4-Nitro-1-naphthylamine.—(a) To a suspension of the finely powdered nitro- 
amine (2 g.) in chloroform (15 c.c.), bromine (1-5 c.c. ; 2-5 mols.) in chloroform (5 c.c.) was added 
drop by drop; the amine dissolved with evolution of heat. The green mixture thereafter pre- 
cipitated was collected and repeatedly washed with hot chloroform. The residual orange needles 
of 2 : 4-dibromo-1-naphthalenediazo-perbromide had a sharp decomposition point between 128° 
and 136°, depending upon the rate of heating. No hydrogen bromide was liberated throughout 
the reaction and the chloroform mother-liquor showed no acid reaction [Found: Br, 69-9; Br 
(labile), 28-1; N, 5-2; N (by heating to decomposition), 5-0. Calc, forC,,H,;N,Br,: Br, 72-3; 
Br (labile), 28-8; N, 5-1%]. The discrepancies in the bromine values are very likely due to the 
presence of unchanged 4-nitro-l-naphthylamine, in view of the fact that suspensions were worked 
with. 

Both this compound and authentic diazo-perbromide gave 1 : 2 : 4-tribromonaphthalene, 
m. p. and mixed m. p. 112—113° (Meldola, Joc. cit., gives m. p. 113—114°) (Found: Br, 64-5; 
N,nil. Calc. forC,,H;Br,: Br, 65-7%), when heated to the decomposition point or when treated 
with pyridine; in both cases the residue was crystallised from alcohol or acetic acid. Both 
substances dissolved slowly in boiling acetic acid or acetic anhydride with liberation of bromine 
and, on cooling, tribromonaphthalene crystallised. 

2 : 4-Dibromo-1-naphthalenediazo-perbromide and 1 : 2: 4-tribromonaphthalene were pre- 
pared by a modification of Meldola’s method (/oc. cit.). 2: 4-Dibromo-1l-naphthylamine (pre- 
ceding paper) was diazotised in acetic acid with a mixture of sodium nitrite and concentrated 
sulphuric acid (cf. Hodgson and Walker, J., 1933, 1620). Ice was added and the cold filtered 
solution was treated with a solution of bromine in hydrobromic acid until a filtered sample gave 
no further precipitate with bromine solution. The yellow amorphous diazo-perbromide was 
purified by heating under reflux with chloroform. 

(b) Toastirred suspension of 4-nitro-l-naphthylamine (10 g.) in acetic acid (50 c.c.), bromine 
(3-4 c.c.) in acetic acid (30 c.c.) was gradually added ; the pasty mixture was stirred on the water- 
bath for 30 minutes, hydrogen bromide being evolved. The 2-bromo-4-nitro-l-naphthylamine, 
mostly in the form of its hydrobromide, was collected and triturated with dilute aqueous am- 
monia. After crystallisation from alcoholic pyridine it formed orange-red needles (7 g.), m. p. 
249° (decomp.) (Found: N, 10-2. Calc. for C,H,O,N,Br: N, 10-5%). Hodgson and 
Elliott (loc. cit.) record m. p. 250°. A small quantity of 2 : 4-dibromo-l-naphthalenediazo- 
perbromide was deposited from the acetic acid mother-liquor after 12 hours. 

2-Bromo-4-nitroaceto-1-naphthalide, obtained by acetylation of the amine with acetic anhydr- 
ide and a drop of concentrated sulphuric acid, formed yellow needles, m. p. 235—236°, from 
acetic acid (Found : N, 8-9. C,,H,O,N,Br requires N, 9-1%). 

The Action of Bromine on 2-Bromo-4-nitro-1-naphthylamine.—To a suspension (1 g.) in chloro- 
form or acetic acid was added an excess of bromine in chloroform. The amine dissolved, forming 
a green solution, from which a green solid was precipitated. This was washed with hot chloro- 
form, and the orange diazo-perbromide obtained. 

Bromination of 2-Nitro-1-naphthylamine.—With 1 mol. of bromine, this substance in either 
acetic acid or chloroform suspension gave 4-bromo-2-nitro-l-naphthylamine (orange needles, 
m. p. 199°, from acetic acid) with copious evolution of hydrogen bromide. The acetyl deriv- 
ative had m. p. 229° (Morgan and Godden, J., 1910, 97, 1709, record m. p.’s 200° and 229° 
respectively). 

With excess of bromine, 4-bromo-2-nitro-1-naphthylamine gave 2 : 4-dibromo-1-naphthalene- 
diazo-perbromide, which was decomposed with boiling acetic acid to give 1: 2: 4-tribromo- 
naphthalene, m. p. and mixed m. p. 113°. 


Thanks are due to Imperial Chemical Industries (Dyestuffs Group) for a grant. 
BaTTERSEA PoLtyTEcuHNic, Lonpon, S.W. 11. [ Received, October 16th, 1935.] 
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378. The Azo-group as a Chelating Group. Part I. Metallic Derivatives 
of o-Hydroxyazo-compounds. 


By MARJoRIE ELkins and Louis HUNTER. 








THE belief has long been held that o-hydroxyazo-compounds (I) and their metallic deriv- 
atives (II) have a co-ordinated structure. Sidgwick (‘‘ The Electronic Theory of Valency,” 
1927, p. 235) points out that among the azo-dyes those having an o-hydroxyl have mordant 
characteristics, this being due to the possibility of chelation with the mordanting metal. 
Morgan and Smith (J., 1924, 125, 1732) describe a number of cobalt and chromium lakes 
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derived from o-hydroxyazo-dyes, chelation being achieved as in (II). In a detailed 
examination of the absorption spectra of azo-dyes Blumberger (Chem. Weekblad, 1928, 
282, 315; 1930, 190; 1932, 454; 1933, 538; 1935, 6) attributes the anomalous behaviour 
of o- and peri-hydroxyazo-compounds to co-ordination between the neighbouring hydroxy- 
and azo-groups. 

In the absence of boiling-point, vapour-pressure, and solubility data, evidence of co- 
ordination in the o-hydroxyazo-compounds may be sought in their melting points. Al- 
though no direct connexion between melting point and chelate structure has been established, 
among isomeric hydroxyazo-compounds those possessing a free o-hydroxyl almost invariably 
have the lowest melting point; e.g., 4-benzeneazoresorcinol 1-methyl ether and 3-methyl 
ether melt at 123° and 137° respectively, and the l-ethyl ether and 3-ethyl ether at 87° 
and 145° respectively. These pairs of ethers are so similar in structure that all factors 
other than co-ordination which may affect the melting point are virtually eliminated. 

In the present investigation we have turned our attention to the metallic salts of the 
o-hydroxyazo-compounds with a view to detecting co-ordination of the type (II). A 
search of the literature reveals that o-hydroxyazobenzene forms an alcohol-soluble copper 
salt melting at 225° and p-hydroxyazobenzene forms no such salt (Bamberger, Ber., 1900, 
88, 1951). Much work from Italian schools has been devoted to the preparation of metallic 
complexes derived from 1-arylazo-8-naphthols and -$-naphthylamines (Charrier and Beretta, 
Gazzetta, 1926, 56, 865; Crippa, ibid., 1927, 57, 20, 497, 593; 1928, 58, 716; Crippa and 
Long, ibid., 1931, 61, 99; Cremonini, ibid., 1928, 58, 372). The compounds described 
by these authors were prepared under conditions which would not necessarily lead to salt 
formation, and disagreement is expressed as to their structure. The majority are repre- 
sented as containing the metal associated with the azo-compound without hydrogen re- 
placement, though Cremonini (/oc. cit.) formulates them as naphthoxides of the type (II). 
All are agreed, however, that complex formation is not extended to azo-compounds in which 
the coupled phenol (or amine) is a derivative of benzene. 

We describe cupric, nickel, and cobaltic salts of some o-monohydroxyazo-compounds 
prepared by the action of the metallic acetates on the latter; we regard this method of 
preparation as likely to lead to salt formation. We find that the formation of co-ordinated 
salts, far from being restricted as suggested above, is common to all o-hydroxyazo-com- 
pounds. Indeed, we believe that the reason for the stability of these salts is to be found 
in their chelated structure, since the metallic salts of the corresponding p-hydroxyazo- 
compounds, if formed at all, are extremely unstable. The salts described show properties 
typical of co-ordinated compounds : they are insoluble in water, sparingly soluble in polar 
solvents, but readily in non-polar solvents; they melt in the neighbourhood of 200° to 
form deeply coloured liquids. 

The structure assigned (III) to the metallic complexes leaves no doubt that the stereo- 
chemical arrangement of the aryl groups about the azo-nitrogen atoms is trans. Although 
this provides no positive evidence as to the geometrical configuration of the parent azo- 
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compounds, the fact that decomposition of the metallic complexes by cold acid, in all the 
cases tried, yielded azo-compounds identical with the originals supports the view that all 
stable azo-compounds are trans. Dipole-moment evidence to this effect is also put for- 
ward by Bergmann, Engel, and Sandor (Ber., 1930, 63, 2572). 

In subsequent parts of this series we hope to extend the work to other examples of the 
electron-donor properties of the azo-group. 


EXPERIMENTAL. 


Only one typical preparation will be described under each metal. The yield of metallic 
complexes, except in the case of some of the nickel and cobalt compounds, was practically 
theoretical. 

Cupric Complexes.—These were dark brown, crystalline substances, insoluble in water, but 
soluble in benzene, toluene, xylene, and chloroform to give red-brown solutions, which were 
too highly coloured to allow of molecular-weight determinations. In alcohol, acetone, ether, 
and light petroleum, the compounds were sparingly soluble to give yellow or light brown solutions. 
Acetic acid and dilute mineral acids, especially on warming, caused decomposition into the 
original azo-compounds; the complexes show considerable stability towards aqueous alkali, 
but are decomposed into copper oxide and the salt of the original azo-compound after some 
minutes’ boiling. 

Cupric 3-benzeneazo-p-tolyloxide. To a hot, nearly saturated, alcoholic solution of benzene- 
azo-p-cresol (1 mol.), a solution of copper acetate (excess, 1 mol.) in 50% aqueous alcohol was 
added dropwise; the copper complex was precipitated immediately as a fine brown powder. 
This was collected after several hours, washed successively with alcohol and water, and purified 
by precipitation from benzene solution by the addition of light petroleum, forming a brown 
crystalline powder, m. p. 230° (Found: N, 11-2; Cu, 13-0. C,,H,,O,N,Cu requires N, 11-5; 
Cu, 13-1%). 

Cupric 3-p’-tolueneazo-p-tolyloxide, prepared from p’-tolueneazo-p-cresol in the same way, 
was a red-brown, crystalline powder, m. p. 242° (Found: N, 10-9; Cu, 12-5. C,,H,,O,N,Cu 
requires N, 10-9; Cu, 12-4%). 

Cupric 3-m’-tolueneazo-p-tolyloxide, prepared from m’-tolueneazo-p-cresol, formed dark 
red-brown, micro-crystals from benzene, m. p. 221° (Found: N, 10-7; Cu, 12-6%). 

Cupric 2 : 4-bisbenzeneazophenoxide was obtained from bisbenzeneazophenol as a chocolate- 
brown powder, m. p. 243° (Found: N, 16-5; Cu, 9-3. C3,H,,O,N,Cu requires N, 16-8; Cu, 
95%). 

Cupric 1-benzeneazo-B-naphthoxide, prepared from benzeneazo-8-naphthol, formed a red- 
brown crystalline powder from toluene, m. p. 295° (Found: N, 10-1; Cu, 11-4. C3,H,,0,N,Cu 
requires N, 10-1; Cu, 11-4%). 

Cupric 2-benzeneazo-a-naphthoxide, prepared from £-naphthaquinonephenylhydrazone, 
formed dark brown, crystalline plates, m. p. 237° (Found: N, 10-1; Cu, 11-3%). 

Nickel Complexes.—These compounds were prepared as described under the cupric complexes, 
except that it was usually found necessary to dilute the mixture with water to bring about their 
precipitation, their solubility in alcohol and acetone being usually much higher than is the case 
with the cupric complexes. This resulted in a diminution of yield and, in some cases, a loss of 
purity of the product. The presence of ammonia often facilitated the formation of the nickel 
complexes. They form dark olive-green needles, insoluble in water, slightly soluble in alcohol, 
acetone, ether, and ligroin, but soluble in benzene, toluene, and chloroform with dark green 
colour. In polar solvents, and especially when warm, hydrolysis frequently occurs with de- 
position of nickel hydroxide, the solution changing colour from green to brown. The nickel 
complexes are more stable to dilute acid than are the copper compounds, but eventually de- 
compose in a similar way. 

Nickel 3-benzeneazo-p-tolyloxide. To a well-stirred solution of benzeneazo-p-cresol (1 mol.) 
in hot acetone, a little aqueous ammonia (d 0-880) was added, followed by a solution of nickel 
acetate (excess, 1 mol.) in 50% aqueous acetone. The nickel complex was precipitated in an 
impure form by the careful addition of water. By solution in chloroform and precipitation with 
light petroleum, it formed a black crystalline powder with a green reflex, m. p. 216° (Found : 
N, 11-5; Ni, 12-5. C,,H,,0,N,Ni requires N, 11-6; Ni, 12-2%). 

Nickel 3-p’-tolueneazo-p-tolyloxide formed dark olive-green crystals, m. p. 242—243° (Found : 
N, 10-7; Ni, 11-7. C,gH,,O,N,Ni requires N, 11-0; Ni, 11-5%). 

Nickel 3-m’-tolueneazo-p-tolyloxide was obtained in an impure condition as small, dark 
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green crystals, m. p. 214° after softening at about 200°. Low nitrogen and high nickel analyses 
indicated the presence of nickel oxide. 

Nickel 2: 4-bisbenzeneazophenoxide was obtained in an impure condition as small black 
crystals, decomposing without melting between 295° and 310° (Found: N, 16-2; Ni, 8-3. 
C3gH,,O,N,Ni requires N, 16-9; Ni, 8-9%). 

Nickel 1-benzeneazo-8-naphthoxide was formed in excellent yield without dilution, as described 
under cupric complexes, as a very dark green, crystalline powder, m. p. 290° (Found: N, 10-1; 
Ni, 10-2. C,,H,,O,N,Ni requires N, 10-1; Ni, 10-6%). Unlike the foregoing nickel complexes, 
this substance dissolved in benzene, toluene, and chloroform to give brown solutions. 

Nickel 2-benzeneazo-a-naphthoxide, prepared as the isomeride above, formed light olive-green 
crystals, m. p. 293°, soluble in benzene, toluene, and chloroform to give brown solutions (Found : 
N, 10-3; Ni, 10-7%). 

Cobaltic Complexes.—These are obtained by the addition of an aqueous-alcoholic solution of 
cobaltous acetate to an alcoholic solution of the azo-compound. The yield is poor unless hydro- 
gen peroxide is present, though the products are identical in both cases. They form very dark 
brown or black crystals, insoluble in water, but more soluble in other solvents than the cupric 
or nickel complexes. ‘The solutions are orange to dark red-brown and show no tendency to 
hydrolyse. This stability is also maintained towards dilute mineral acid, the compounds 
being only incompletely decomposed even on prolonged boiling. 

Cobaltic 3-benzeneazo-p-tolyloxide. To a solution of benzeneazo-p-cresol (4 g.) in hot alcohol 
(300 c.c.) was added dropwise a solution of cobalt acetate (6 g.) in 50% alcohol (80 c.c.) to which 
had been added 20 vol. hydrogen peroxide (5 c.c.). The black precipitate which formed on 
standing crystallised from acetone as a dull black, microcrystalline powder, m. p. 202° (Found : 
N, 12-4; * Co, 8-6. C3,H,,0,N,Co requires N, 12-1; Co, 8-5%). 

Coballic 3-p’-iolueneazo-p-tolyloxide formed a jet black, crystalline powder, m. p. 200—201° 
(Found: N, 11-6; * Co, 8-4. C,,H,;,0,N,Co requires N, 11-4; Co, 8-0°%). 

Cobaltic 3-m’-tolueneazo-p-iolyloxide was obtained as a black crystalline powder, m. p. 187° 
(Found: N, 11-4; * Co, 7-9%). 

Cobaltic 2 : 4-bisbenzeneazophenoxide crystallised from alcohol as a black crystalline powder, 
m. p. 180—185° (Found: N, 17-6; * Co, 6-3. C,;,H,;,0,N,,Co requires N, 17-5; Co, 6-1%). 

Cobaltic 1-benzeneazo-B-naphthoxide was obtained from benzeneazo-f-naphthol by the usual 
method with or without the use of hydrogen peroxide, and formed a brownish-black amorphous 
powder, m. p. 221° (Found: N, 10-7; * Co, 7-6. C,ygH,;,0,N,Co requires N, 10-5; Co, 7-4%). 

Cobaltic 2-benzeneazo-a-naphthoxide crystallised from acetone as very dark purplish-brown 
crystals, m. p. 199° (Found: N, 10-3; * Co, 7-2%). 

The addition of metallic acetates to solutions of p-hydroxyazo-compounds (e.g., p-hydroxy- 
azobenzene, benzeneazo-o-cresol, 4-benzeneazo-«-naphthol) under conditions similar to those 
described above did not give rise to metallic derivatives. As the addition proceeded, there was 
no darkening of colour characteristic of the formation of chelate compounds, and the azo-com- 
pounds could eventually be recovered unchanged. 


The nitrogen analyses denoted by asterisks were carried out by Dr. A. Schoeller. 


UNIVERSITY COLLEGE, LEICESTER. [Received, August 17th, 1935.] 





379. The Addition of Halogens to Unsaturated Acids and Esters. 
Part V. The Bromination of m-Methoxycinnamic Acid and its 
Ethyl Ester. 


By J. Ipris JoNEs and T. CAMPBELL JAMES. 


IN an endeavour to prepare m-methoxyphenylpropiolic acid, the action of bromine on m- 
methoxycinnamic acid and its ethyl ester has been re-examined. Previous work on the 
subject (Bauer and Vogel, J. pr. Chem., 1913, 88, 341; Davies and Davies, J., 1928, 602; 
Reimer and Kamerling, J. Amer. Chem. Soc., 1933, 55, 4643) has indicated that in a variety 
of solvents and under various conditions of temperature the action of one molecular propor- 
tion of bromine on the acid results in nuclear substitution with no addition to the ethylenic 
linkage in the side chain, 6-bromo-3-methoxycinnamic acid being formed in quantitative 
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yield. Larger proportions of bromine yield mixtures which are difficult to separate, 
6-bromo-3-methoxy-, 4 (or 2) : 6-dibromo-3-methoxy-cinnamic acids, and other products 
with bromine also in the side chain being obtained. 

We have observed that when a molecular proportion of bromine is gradually added to 
m-methoxycinnamic acid or its ethyl ester in carbon tetrachloride kept in bright sunlight, 
no evolution of hydrogen bromide occurs. Under these conditions, and especially when the 
solution is boiling, the addition reaction takes place rapidly and exclusively, giving quantit- 
ative yields of «6-dibromo-8-3-methoxyphenylpropionic acid and its ethyl ester respectively. 

Similar results are obtained when carbon disulphide is used as solvent, but in chloroform 
and glacial acetic acid, under identical conditions, the reaction is almost entirely substi- 
tutive. In diffused daylight or in the dark, the substitution reaction invariably sets in, 
irrespective of the nature of the solvent. Apparently, therefore, two competing reactions 
are involved, but the type of reaction occurring in this series can be controlled by modi- 
fying the conditions. In non-polar solvents, in incident sunlight, addition of bromine to 
the unsaturated side chain takes place solely, but preferential nuclear substitution occurs 
in polar solvents when light is excluded. Rigorous purification of the solvents used in these 
experiments had no marked effect on the course of the reactions. 

Considerable activation of the double bond towards halogens is possible through the 
agency of light and certain specific chemical reagents, e.g., the polar substance hydrogen 
bromide (Williams and James, J., 1928, 343; Williams, J., 1932, 2911; Anantakrishnan 
and Ingold, this vol., p. 984). Bromination of m-methoxycinnamic acid in carbon tetra- 
chloride solution saturated with hydrogen bromide, however, gave as product the substi- 
tuted acid, 6-bromo-3-methoxycinnamic acid. On the other hand, photoactivation of the 
acid and its ethyl ester by means of ultra-violet radiation from a quartz mercury vapour 
lamp was effective in promoting the addition reaction in non-polar solvents. Similarly, 
in boiling carbon tetrachloride in sodium light, addition solely was observed, but the rate 
was decidedly slower. The photochemical addition of halogens to cinnamic acid has been 
extensively studied (Berthoud and Porret, Helv. Chim. Acta, 1934, 17, 237; Purkayastha 
and Ghosh, J. Indian Chem. Soc., 1926, 2, 261; 1927, 4, 409, 553; Purkayastha, 7bid., 
1928, 5, 721; Berthoud and Beranek, J. Chim. Phys., 1927, 24, 213; Helv. Chim. Acta, 
1927, 10, 289; 1930, 18, 385). For the photobromination of cinnamic acid, Berthoud, 
Purkayastha, and Ghosh proposed a chain mechanism involving photochemically atomised 
bromine. Bauer and Daniels (J. Amer. Chem. Soc., 1934, 56, 378), however, found that 
their experimental observations were more in agreement with an energy chain involving 
activated bromine molecules. The issue has been complicated by the recent discovery made 
by the last-named authors (J. Amer. Chem. Soc., 1934, 56, 2014) that the bromination (or 
photobromination) of cinnamic acid is an oxygen-inhibited reaction. 

Concerning the réle of the solvent in determining the course of the bromination, two 
possibilities exist. The influence of the solvent on the two competing reactions may be 
(a) qualitatively, but not quantitatively, similar, ¢.g., both reactions may be facilitated by 
polar solvents, but the one more markedly than the other and this would therefore pre- 
ponderate in polar solvents: (b) qualitatively different, e.g., polar solvents may facilitate 
the one and inhibit the other. The latter alternative seems to be the more plausible, the 
substitution reaction being favoured and the addition reaction inhibited by a polar en- 
vironment. 

The pronounced tendency towards nuclear bromine substitution observed with m- 
methoxycinnamic acid is in strange contrast to the facile addition observed with the o- 
and the p-methoxy-derivative (Reimer and Howard, J. Amer. Chem. Soc., 1928, 50, 196; 
Sudborough and Hariharan, J. Indian Inst. Sci., 1925, 8A, XI, 189). Several attempts 
have been made to determine the effect of nuclear substituents on the additive reactivity 
of the ethenoid centre in cinnamic acid (Hanson, Williams, and James, J., 1928, 343; 1930, 
1059; Sudborough and Hariharan, Joc. cit.; van Duin, Rec. trav. chim., 1922, 41, 402; 
Miller, Annalen, 1882, 212, 122; Reich and Kochler, Ber., 1913, 46, 3727). Hanson, 
Williams, and James found that the rate of bromine addition to the methoxycinnamic 
acids is several hundred times greater than to unsubstituted cinnamic acid. (In view of the 
results recorded here it is probable that the velocities for the m-methoxy-derivative 
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measured by these authors were mainly velocities of bromine substitution and not addition.) 
They attributed the enhanced rate of reaction to the promotion of nuclear substitution by the 
strongly activating methoxy-group, giving hydrogen bromide, the catalyst for the reaction. 
This, however, is not the only cause of enhanced reactivity. The methoxy-group when 
introduced into the o- and p-positions promotes addition in virtue of its polar effects. These 
comprise a somewhat weak inductive effect and a very powerful tendency towards tauto- 
meric electron release, symbolised —J + T (Ingold, J., 1933, 1122; Dippy, Watson, and 
Williams, this vol., p. 346). These polar effects increase the possibilities of resonance in 
the substituted cinnamic acid molecule. The resonance between the alternative benzenoid 
and quinonoid configurations (A) and (B) illustrated below in the case of -methoxycinnamic 
acid constitutes a strong facilitating influence in the addition of bromine. 

Similar considerations apply to the o-methoxy-acid, but in the case of m-methoxycinn- 


(A) MeO-<_\-CH=CH-CO,H MeO >-CH-CH-CO,H (B) 


a 
Meo~Z SS cuStu-co,t 


— 
—— 


amic acid this phenomenon is impossible owing to the absence of an available mechanism for 
the transmission of the electromeric effect of the substituent from the nucleus to the side 
chain. Consequently, the polar effects of the group are confined almost exclusively to the 
ring. In aromatic substitution by electrophilic reagents the methoxy-group is classed as a 
nuclear-activating, op-directing group, but the o/f ratio is found to vary with change of 
reagent (Griffiths, Walkey, and Watson, J., 1934, 631; Jones and Robinson, J., 1917, 903). 
Halogens are, however, directed almost exclusively to the p-position (Michaelis and Weitz, 
Ber., 1887, 20, 49; Bodroux, Compt. rend., 1903, 136, 378). Therefore, when the methoxy- 
group is in the 3 (or m)-position in cinnamic acid, considerable reactivity towards halogens 
is conferred on the 6-position. This explains why, when m-methoxycinnamic acid is brom- 
inated, preferential nuclear substitution in the 6-position occurs rather than addition at the 
double bond. 

The action of bromine upon the substitution product, 6-bromo-3-methoxycinnamic 
acid, under the conditions conducive to addition, gave the tribromo-acid, «$-dibromo-8- 
6-bromo-3-methoxyphenylpropionic acid. An identical product was obtained by bromin- 
ating the addition product, «$-dibromo-$-3-methoxyphenylpropionic acid, in cold chloro- 
form solution, hydrogen bromide being evolved. 

Boiling with water or methyl alcohol had no effect on «$-dibromo-f-3-methoxypheny]l- 
propionic acid. In this respect, the m-substituted compound differs from the isomeric 
o- and p-derivatives (Reimer and Howard; Sudborough and Hariharan ; locc. cit.). When 
the dibromo-acid or -ester was treated with two molecular proportions of alcoholic potash, 
one mol. of hydrogen bromide was eliminated and the stereoisomeric «-bromo-acids melting 
at 122° and 91° were obtained. These were readily separated by the barium salt method 
(cf. Sudborough and Thompson, J., 1903, 83, 666), and their stereochemical configurations 
established. The stable «-bromo-m-methoxycinnamic acid (m. p. 122°) has been obtained 
by Reimer and Kamerling (loc. cit.) by an indirect method from m-methoxybenzylidene- 
pyruvic acid. 

Removal of hydrogen bromide from this stable «-bromo-acid by boiling with two mole- 
cular proportions of alcoholic potash gave a good yield of the desired m-methoxyphenyl- 
propiolic acid. Some of the addition reactions of this acetylenic acid have been investig- 
ated. Catalytic hydrogenation by a method parallel to that described by Paal and Hart- 
mann (Ber., 1909, 42, 3930) for the preparation of allocinnamic acid gave m-methoxyallo- 
cinnamic acid. Addition of iodine resulted in the formation of «-di-1odo-m-methoxy- 
cinnamic acid. 

EXPERIMENTAL. 


m-Methoxycinnamic Acid.—m-Hydroxybenzaldehyde was methylated (Chakravarti, 
Haworth, and Perkin, J., 1927, 2269) and the m-methoxybenzaldehyde obtained was condensed 
with malonic acid, with pyridine or a-picoline as solvent and piperidine as catalyst. The acid 
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had m. p. 117°. Its ethyl ester was obtained as a clear colourless viscid oil, b. p. 185—186°/15 
mm., by the Fischer—-Speier method. 

Bromination of m-Methoxycinnamic Acid.—(i) 6-Bromo-3-methoxycinnamic acid. Bromin- 
ation in glacial acetic acid in the dark (Davies and Davies, loc. cit.) gave 6-bromo-3-methoxy- 
cinnamic acid, m. p. 189°, in quantitative yield. 

A suspension of m-methoxycinnamic acid (10 g.) in carbon tetrachloride or chloroform 
(100 c.c.) was treated at 0° in the dark with 1 mol. of bromine (3 c.c. + 3% excess), and the 
mixture kept for 48 hours. The product, recrystallised from benzene, gave colourless needles 
(14 g.) of 6-bromo-3-methoxycinnamic acid, m. p. 189°. 

(ii) «a-Dibromo-B-3-methoxyphenylpropionic acid. To a boiling solution of m-methoxy- 
cinnamic acid (20 g.) in dry carbon tetrachloride (100 c.c.) contained in a Pyrex flask attached 
to a reflux apparatus, a solution of bromine (6 c.c. + 3% excess) in the same solvent was slowly 
added, the reaction being conducted in bright sunlight. The bromine coloration rapidly 
disappeared, no hydrogen bromide was evolved, and the bromination was complete in 15 minutes. 
The product separated on cooling, and after being washed free from any excess of bromine 
the fine white crystals (37-5 g.) were recrystallised from hot benzene; m. p. 167° (Found: Br, 
47-5; equiv., 337-9. C,)H,,O,Br, requires Br, 47-3% ; equiv., 338). «8-Dibromo-B-3-methoxy- 
phenylpropionic acid is insoluble in water or light petroleum, sparingly soluble in hot carbon 
tetrachloride, carbon disulphide, and chloroform, but readily soluble in cold alcohol and hot 
benzene. The acid was recovered unchanged after 2 hours’ refluxing with ethyl alcohol. On 
oxidation with potassium permanganate it gave a quantitative yield of m-methoxybenzoic acid, 
m. p. and mixed m. p. 105°. 

Bromination of an ice-cold suspension of m-methoxycinnamic acid in carbon tetrachloride 
in incident sunlight also gave the practically pure dibromo-acid, but the rate of addition was very 
slow compared with the rate in the above case. In boiling carbon disulphide solution in sunlight, 
addition of bromine was also observed, though the reaction took about 2 hours to complete. 

When m-methoxycinnamic acid (5 g.) in boiling glacial acetic acid (50 c.c.) solution was 
treated in sunlight with 1 mol. of bromine (1-5 c.c.) in the same solvent (50 c.c.), the reaction was 
rapid but the product was almost pure 6-bromo-3-methoxycinnamic acid, m. p. 188—189°. In 
boiling chloroform solution, under thesame conditions, the product of bromination was a mixture, 
m. p. 180—189°, in which the 6-bromo-3-methoxy-acid predominated. 

(iii) Methyl 6-bromo-3-methoxycinnamate. To a boiling solution of m-methoxycinnamic 
acid (5 g.) in methyl alcohol (50 c.c.), 1 mol. of bromine (1-5 c.c.) in methyl alcohol (50 c.c.) was 
added in sunlight. The reaction was complete in 15 minutes. Most of the alcohol was boiled 
off, and the solution allowed to cool. Crystals separated, m. p. 81° after recrystallisation from 
light petroleum, which proved to be the methyl ester of 6-bromo-3-methoxycinnamic acid, 
identical with a sample obtained by esterification of this acid. The same ester was obtained by 
brominating a methyl-alcoholic solution of the acid, in the cold and dark, and keeping it for 48 
hours. 

Bromination of Ethyl m-Methoxycinnamate.—(i) Ethyl 6-bromo-3-methoxycinnamate. Ethyl 
m-methoxycinnamate (2-05 g.) in acetic acid or chloroform (25 c.c.) solution was treated in the 
cold and dark with 1 mol. of bromine (0-54 c.c.) in the same solvent (25 c.c.), and the mixture 
kept over-night. Hydrogen bromide was evolved. The bulk of the solvent was evaporated, 
and the residue poured into cold water. The oil obtained gave on hydrolysis a practically 
quantitative yield of the 6-bromo-acid, m. p. 189°. 

(ii) Ethyl «®-dibromo-B-3-methoxyphenylpropionate.—Ethyl m-methoxycinnamate (8 g.) 
in dry carbon tetrachloride (50 c.c.) was slowly treated with a solution of bromine (2-07 c.c.) 
in the same solvent (50 c.c.), in strong sunlight. Addition was rapid and no hydrogen bromide 
was evolved. The solution was then boiled to a small volume, and light petroleum (b. p. 80— 
110°) added. Colourless crystals of the dibromo-ester slowly separated, m. p. 58° after recrys- 
tallisation from light petroleum-chloroform. Yield, 14 g. (Found: Br, 43-6. C,,H,,O,Br, 
requires Br, 43-7%). 

as-Dibromo-8-6-bromo-3-methoxyphenylpropionic Acid.—6-Bromo-3-methoxycinnamic acid 
(3-43 g.) in boiling carbon tetrachloride solution (35 c.c.) was treated with 1 mol. of bromine 
(0-71 c.c.) in the same solvent (35 c.c.), in strong sunlight. The bromine disappeared rapidly 
with no visible evolution of hydrogen bromide. On cooling, pale yellow crystals separated ; 
these, recrystallised from carbon tetrachloride—light petroleum (b. p. 80—110°), formed slightly 
cream-coloured clumps of needles, m. p. 163° (Found: Br, 57-3; equiv., 416-7. C,,H,O,Br, 
requires Br, 57-5% ; equiv., 417). 

The «-Bromo-m-methoxycinnamic Acids.—To a solution of «8-dibromo-f-3-methoxyphenyl- 
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propionic acid (20 g.) in ethyl alcohol (200 c.c.), 2 mols. of alcoholic potash (64 c.c. of 1-84N) 
were slowly added. The mixture was kept with occasional shaking for 2 days in a thermostat 
at 25°, the alcohol was then removed on a boiling water-bath, and the mixed potassium salts of 
the «-bromo-acids were taken up in water. No appreciable decomposition into w-bromo-m- 
methoxystyrene was observed during the evaporation, though it was found that the potassium 
salts readily decomposed in warm aqueous solution. To the filtered solution of the potassium 
salts, excess of barium chloride solution (10%) was added. «-Bromo-m-methoxycinnamic 
acid (2-4 g.) was obtained by acidifying the insoluble barium salt; crystallised from light 
petroleum (b. p. 80—110°), it had m. p. 122°; it separated from boiling water in faintly cream- 
coloured, stiff needles (Found: Br, 31-1; equiv., 256-8. Calc. for CjjH,O,Br: Br, 31-1%; 
equiv., 257). a«-Bromo-m-methoxyallocinnamic acid (9-8 g.), obtained by acidifying the filtrate 
from the insoluble barium salt, came down as an oil which gradually solidified into a pale yellow, 
crystalline mass. Recrystallised from light petroleum (b. p. 40—60°)—chloroform, it separated 
as pale yellow crystals, m. p. 91° (Found : Br, 30-8%; equiv., 256-5). That this is the «-bromo- 
acid isomeric with the acid of m. p. 122° was proved by keeping it for a long time in the solid 
state or in chloroform solution, in strong sunlight, whereby the stable acid, m. p. 122°, was 
obtained. By analogy with the a-bromocinnamic acids and «-bromo-p-methoxycinnamic acids, 
the stable acid, m. p. 122°, is assigned the ‘vans-configuration and the isomeric acid, m. p. 91°, 
must be the allo-acid with the cis-configuration. The conversion of the a//o-acid into the stable 
modification was best effected by heating the solid in an oil-bath at 150° for several hours. The 
extent of the transformation was followed by the barium salt method. 

Removal of hydrogen bromide from the dibromo-ester under the same conditions gave the 
same a-bromo-acids, the stable «-bromo-acid being produced in higher proportion. 

m-Methoxyphenylpropiolic Acid.—a«-Bromo-m-methoxycinnamic acid (20 g.) was boiled with 
alcoholic potash (2 mols. plus 5% excess) for 4 hours. The alcohol was then removed and the 
residue, dissolved in water, was acidified with dilute hydrochloric acid. The acid separated as an 
oil, but soon solidified. Small, slightly cream-coloured crystals, m. p. 109°, were obtained by 
crystallisation from light petroleum-chloroform. Yield, 13 g. (96% of the theoretical) 
(Found: equiv., 176-6. C,9H,O, requires equiv., 176). 

Addition Reactions of m-Methoxyphenylpropiolic Acid.—(i) Addition of iodine. The acid 
(2 g.) was dissolved in water (30 c.c.) containing potassium carbonate (0-78 g.), mixed with a 
solution of iodine (4-8 g.) and potassium iodide (7-2 g.) in water (100 c.c.), and kept for 2 days, 
a precipitate separating. After acidification with dilute hydrochloric acid, filtration, and wash- 
ing with potassium iodide solution and then with water, a crystalline substance remained. 
Recrystallisation from light petroleum-—chloroform gave «$-di-iodo-m-methoxycinnamic acid in 
rosettes of shiny yellow needles, m. p. 142° (Found: I, 59-0; equiv., 431-4. C,9H,O,I, requires 
I, 59-1%; equiv., 430). 

(ii) Addition of hydrogen. Potassium m-methoxyphenylpropiolate was catalytically hydro- 
genated by means of colloidal palladium ‘“‘ protected ’’ by sodium protalbate (Paal and Hart- 
mann’s method, loc. cit.). m-Methoxyallocinnamic acid was obtained as a solid, m. p. 109— 
110° after recrystallisation from cold chloroform by the addition of light petroleum (Found : 
equiv., 179. Cy 9H ,9O, requires equiv., 178). Long exposure to sunlight transformed this 
acid into the stable isomeride, m-methoxycinnamic acid, m. p. 117°. 

Bromination of m-Methoxyallocinnamic Acid.—The allo-acid (5 g.) in chloroform (50 c.c.) 
was treated with 1 mol. of bromine (1-5 c.c.) in the same solvent (25 c.c.) in the cold, all light 
being excluded. Hydrogen bromide was evolved and the bromine coloration slowly disappeared. 
The solvent was removed under reduced pressure at room temperature. The residual 6-bromo- 
3-methoxyallocinnamic acid after recrystallisation from chloroform-light petroleum melted 
at 133° (Found: Br, 30-9. C, )H,O,Br requires Br, 31-1%). It gave 6-bromo-3-methoxy- 
benzoic acid, m. p. 162°, on oxidation with potassium permanganate and must therefore be the 
geometrical isomeride of the 6-bromo-acid, m. p. 189°. 


The authors gratefully acknowledge the receipt of a grant from the Chemical Society. 
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380. Oxidation Mechanisms in Aqueous Solution. 
By A. R. J. P. UBBELOHDE. 


THE rate at which certain oxidations take place in solution is of considerable theoretical 
and practical interest. From the practical aspect, the use of reagents such as potassium 
permanganate in volumetric analysis is hampered in a number of cases by poor end-points, 
usually due to the slow rate of oxidation by the permanganate ion. As will be shown later, 
oxidations such as Fe™ + Mn” = Fe + Mn” involving the removal of electrons must 
take place according to a simpler mechanism, and more rapidly, than oxidations with nega- 
tively charged ions such as permanganate. 

A convenient method of preparing stable solutions of manganic sulphate, described 
below, has made possible a comparison of oxidations by permanganate with those by the 
penultimate valency stage in its reduction, which in all cases acts more rapidly. With 
manganic sulphate, satisfactory end-points were obtained in the estimation of nitrites, 
oxalates, vanadium salts, or hydrogen peroxide, all of which give rise to difficulties with 
permanganate. Furthermore, titrations with permanganate in the presence of chlorides 
give poor results owing to loss of chlorine, whereas when manganic sulphate was used 
rapid and satisfactory end-points could be obtained without difficulty. 


EXPERIMENTAL. 


Preparation of Manganic Sulphate.—At first, solutions were prepared from the solid acid 
manganic sulphate, MnH(SO,),,2H,O, which was obtained from the dioxide in a more economical 
way than that described by Carius (Mellor, ‘‘ Treatise of Inorganic Chemistry,” XII, 1932) by 
heating the calculated amount of manganous sulphate with manganese dioxide and excess of 
sulphuric acid: MnO, + MnSO, + 3H,SO, + 2H,O = 2MnH(SQ,),,2H,O; H,O + 2MnO, + 
4H,SO, = 2MnH(SO,).,2H,O + 40,. 

For use in volumetric analysis, a much more convenient way of preparing solutions was 
to oxidise manganous sulphate with potassium permanganate: 8MnSO, + 2KMnQO, + 
8H,SO, = 5Mn,(SO,), + K,SO, + 8H,O. Owing to the deep red tint, and danger of hydrolysis 
in less concentrated solutions, it was found best to work with ca. 0-07N-solutions prepared as 
follows. 

To 50 c.c. of a solution of manganous sulphate (15-1 g. in 1 1. of 6N-sulphuric acid) were 
added 3 c.c. of concentrated sulphuric acid with water-cooling; 12 c.c. of N/2-potassium per- 
manganate were then added, 2 c.c. at a time, at intervals of about 3 minutes. A further 2 c.c. 
of concentrated sulphuric acid were added after 8 c.c. and after 12 c.c. of the permanganate, 
and the solution was stored for 4 hours before use. With these precautions, reduction proceeds 
smoothly to manganic sulphate, and higher valency stages never accumulate in sufficient 
amount to give rise to troublesome precipitates of higher oxides; in the preparation of larger 
quantities, special precautions for adequate cooling were necessary to prevent the formation 
of such precipitates. 

The resulting deep red solution probably contained the negatively charged complex ion 
[Mn(SO,),.,2H,O]’, as shown by migration experiments. This complex was stable at room 
temperature, but at 80° or on dilution, the concentration of Mn" ion was raised sufficiently for 
gradual hydrolysis and precipitation. This could be prevented by adding more acid. When the 
solution was boiled for some time, oxygen was evolved and manganous sulphate remained. 

Standardisation of Manganic Sulphate with Ferrous Ammonium Sulphate-—When manganic 
sulphate was run into ferrous sulphate, one drop excess gave a definite pink end-point, with a 
yellowish tinge. A better pink, particularly for use in artificial light, was obtained on adding 
two drops of glacial phosphoric acid. 

Repeated titrations over a period of 9 days showed no alteration in the titre of manganic 
sulphate solution, provided this was kept in blue bottles, and in a dark cupboard when not in 
use. When the solution was exposed to light in a clear bottle the titres began to diminish after 30 
hours, and a precipitate gradually appeared, owing to formation and hydrolysis of quadrivalent 
manganese salts, the reaction 2Mn“” = Mn™ + Mn" being catalysed by light (cf. Abegg, 
““ Handbuch der anorganische Chemie,” Vol. IV, Part II, p. 789). 

Titration of Ferrous Salts in the Presence of Chloride Ilons.—Numerous investigations have 
been made to explain the loss of chlorine when permanganate is used to titrate ferrous ions 
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under these conditions (for references, see Jones and Jeffery, Analyst, 1909, 34, 306; Barneby, 
J. Amer. Chem. Soc., 1914, 36, 1429; Mellor, op. cit.). The chief precautions recommended are 
to add the permanganate slowly, to mix manganous sulphate and phosphoric acid with the 
titrated solution, and to keep the solution cold and dilute. 

As might be expected if the loss of chlorine is due to decomposition of higher chlorides, 
such as MnCl,, in the reduction of MnO,’, satisfactory titrations could be carried out without 
any difficulty when manganic sulphate was used. As the concentration of hydrochloric acid 
added to the ferrous sulphate gradually rose from nil to 1N, no change in titre was observed, 
whereas with previous methods the maximum concentration permissible was N/8. The only 
precautions to observe were that, if the concentration of hydrochloric acid exceeded N/5, 
0-3—1-0 c.c. of glacial phosphoric acid were added to give a clearer end-point, and that, if it 
exceeded N/2, the manganic sulphate was added rather slowly, with vigorous shaking. 

Titration of Nitrites——Manganic sulphate solutions run into sodium nitrite gave definite 
end-points in good agreement with the titres obtained by the method of Laird and Simpson 
(J. Amer. Chem. Soc., 1919, 41, 524), which takes considerably longer. 

Titration of Hydrogen Peroxide.—Manganic sulphate reacts with hydrogen peroxide much 
more rapidly than does permanganate. When freshly made acid solutions of permanganate 
were mixed with ‘‘ perhydrol ”’ in carefully cleaned vessels, no evolution of oxygen was observed 
for more than 5 minutes, but instantaneous decomposition was observed on adding manganic 
sulphate. In titrations by the latter, end-points were obtained much more rapidly, the re- 
sults agreeing to within 0-3% with those obtained by careful addition of permanganate. 

Titration of Oxalates.—The direct use of manganic sulphate gave rapid and definite end- 
points when the solutions were maintained at 35°, and the results agreed within 0-2% with the 
usual permanganate titrations, which are, however, more troublesome. 

Titration of Vanadium Ions.—One method of estimating vanadium ions in solution is to 
reduce them to the bivalent stage with zinc amalgam, and reoxidise the resulting solution to 
the quinquevalent stage with permanganate (Russell, J., 1926, 497); the last stage of the 
oxidation (V* to V5), however, proceeds slowly, and gives unsatisfactory end-points even at 
80°. With manganic sulphate rapid and satisfactory end-points were obtained with solutions 
at 45—50°. 

Oxidation of Chromic Salts —The oxidation 3H,O + Cr” + 3Mn*” = 3Mn™ + CrO, + 6H’ 
proceeds much more rapidly with manganic sulphate than with permanganate, but reaches 
an equilibrium in which appreciable amounts of all four ions are still present. Rise of temper- 
ature shifted the equilibrium to the right, dissociation of the complex [Mn(SO,),,2H,O)’ leading 
to an increase in the concentration of Mn’. Conversely, increase of acidity or of Mn™ ions 
repressed the formation of chromate. 

Qualitative experiments on the different co-ordination compounds of Cr” with H,O and 
SO,” showed no marked difference in the rate of oxidation to the sexavalent stage. 


DISCUSSION. 


Manganic sulphate overcomes the principal difficulties in the use of potassium per- 
manganate as oxidising agent, owing to its more rapid action at corresponding con- 
centrations. 

The first stage in the reduction of permanganate is slow, probably involving a covalency 
change, and requires considerable activation energy (cf. Holluta, Z. physikal. Chem., 
1922, 101, 34, 489; Mellor, op. cit.). Reactions such as Fe” + Mn** = Fe” + Mn” merely 
involve a transfer of an electron from a definite orbit in one ion to a definite orbit in the 
other, and the activation energy will be equal to the heat of reaction, except for a small 
effect where the change in valency involves changes in the number of water molecules 
attached to the ions by co-ordination or electrostatic attraction. The rapid action of 
manganic sulphate in oxidations involving electron transfer is thus readily understood. 

When rapid oxidations occur in the presence of positive ions, and yet electron transfer 
is excluded, a further possibility may be considered in aqueous solutions. If the equilibria 


Mn™ + OH’ == Mn” + OH K, = [OH][Mn"]/[OH’ [Mn] 
OH + H,0° =~ H,0° + H,0 K, = [H,0°[H,0]/[OH][H,0"] 


KK, = (H,0°[Mn"}/[Mn™"]K, 
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give rise to sufficient quantities of free OH and OH,’, these radicals may take part in the 
mechanism, since they can oxidise by electron transfer, OH + e = OH’; by direct 
addition, Mn“ + OH = Mn"OH; or by dehydrogenation. Furthermore, they will 
possess the same abnormal mobility as OH’, since the same change in position by an inter- 
change of bonds is possible. Diagramatically this might be represented by a switch in the 
position of the co-ordinate link, written here as a wavy bond to indicate its origin in reson- 
ance (cf. Sidgwick, Ann. Reports, 1934, 31, 40). 


H—OmH—O—H 


3 H—O—H™0—H s 4 
H—O—H == Hm™Q—H HOmH = HmO—-H 


ft-o—H H~O—H 


These radicals may explain the very rapid “‘ induced oxidation ” of alcohols, etc., by the 
intermediate stages in the reduction of dichromate (cf. Mellor, op. cit., Vol. XII, p. 211 e¢ 
seq.; Bowen and Chatwin, J., 1932, 2081; and unpublished observations), and also a 
number of reactions of the higher-valency stages of manganese, such as the loss of oxygen 
by the solutions on boiling. This reaction is a reversal of the autocatalytic oxidation by 
atmospheric oxygen in the presence of manganese salts (cf. Haber and Weiss, Proc. Roy. 
Soc., 1934, A, 147, 332; Weiss, Naturwiss., 1935, 28, 64). 

With sufficiently reliable information about the equilibria, it is not difficult to calculate 
the concentrations of such radicals, and thus to obtain a check on their possible importance 
for certain oxidation mechanisms. At present a number of different ways of making such 
estimates lead to divergent results, and the hypothesis is receiving further investigation. 


The author thanks Dr. A. S. Russell and Mr. R. P. Foley for their collaboration in some of the 
experimental work, and the Department of Scientific and Industrial Research for a Senior 
Research Award. 


DEPARTMENT OF THERMODYNAMICS, CLARENDON LABORATORY, 
OXFORD. (Received, June 5th, 1935.) 





381. Substitution in Polycyclic Systems. Part I. The Nitration 
of Fluorene and 9-Bromofluorene. 


By S. V. ANANTAKRISHNAN and E. D. HUGHEs. 


It is generally agreed that mononitration of fluorene gives 2-nitrofluorene in almost quan- 
titative yield. Morgan and Thomason (J., 1926, 2691) isolated 2: 5-dinitrofluorene, m. p. 
207°, and 2 : 7-dinitrofluorene, decomposing at 269°, in preponderating amount. Courtot 
(Ann. Chim., 1930, 14, 5) gives m. p. 334° for 2 : 7- dinitrofluorene. 

We have repeated the nitration. The 2: 5-dinitrofluorene melted sharply at 207°. 
The 2 : 7-dinitrofluorene became discoloured at 275° and decomposed vigorously at 295— 
300° (depending on the rate of heating). On oxidation with chromic acid the latter isomer- 
ide gave pure 2 : 7-dinitrofluorenone, m. p. 292°. The yields (22% of 2 : 5- and 60% of 
2 : 7-dinitrofluorene) agree with those recorded by Courtot (23% and 60%). Similar results 
were obtained when 2-nitrofluorene was nitrated. 

Mild treatment of 9-bromofluorene with nitric acid in acetic anhydride gave 9-bromo- 
2-nitrofluorene, m. p. 145°, identical with the bromination product of 2-nitrofluorene 
(Korczynski, Karlowska, and Kierzek, Bull. Soc. chim., 1927, 41, 70) and yielding 2-nitro- 
fluorenone on oxidation. No isomeride could be isolated. More vigorous treatment with 
nitric acid in acetic anhydride gave a mixture of dinitro-derivatives, separable by fractional 
crystallisation from acetone. The less soluble, m. p. 255° (decomp.), gave 2 : 7-dinitro- 
fluorenone on oxidation and was therefore 9-bromo-2 : 7-dinitrofluorene. The more soluble, 
m. p. 199°, was similarly identified as 9-bromo-2 : 5-dinitrofluorene. The same products 
were obtained by the nitration of 9-bromo-2-nitrofluorene in acetic anhydride. 
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Nitration in acetic acid was complicated by oxidation and nuclear bromination and led 
to the isolation of a ketone, C,,H,O,NBr, m. p. 230°. If it is identical with the ketone of 
the same m. p. obtained by Schmidt and Bauer (Ber., 1905, 38, 3755) from 7-bromo-2- 
nitrophenanthraquinone, it must be 7-bromo-2-nitrofluorenone. 

On comparing the nitration of fluorene and diphenyl (Gull and Turner, J., 1929, 491), 
a large difference in the first stage of nitration is seen, fluorene giving much more f-com- 


NO, 


OL OO th3 


* CH, 
53%, 37% 27%, 


47% ca. 95%, 63% 73%, 


First stage of nitration. Second stage. 


pound. We may explain this by supposing that the quasi-aromatic cyclopentadiene ring 
tends to hold its double bonds, with the result that an orienting polarisation generated by 
one benzene ring almost always enters the other benzene ring via the ortho-carbon atom 
which is not available for substitution. When a nitro-group is already present, the two 
types become much more alike with respect to further nitration. This is intelligible on the 
above assumption, because the conjugation of the nitro-group with the cyclopentadiene 
double bonds must tend to break up the quasi-aromatic system responsible for the inhibition 
of o-substitution. In diphenyl the first nitro-group increases the para-/ortho-ratio on 
account of the “ direct ’’ (or “‘ field ’’) effect. In fluorene the ratio is decreased, and we 
assume that the influence of the disintegration of the quasi-aromatic unit outweighs that 
of the external field. 
EXPERIMENTAL. 


Dinitration of Fluorene.—The nitration and the separation of the isomerides were carried 
out as described by Courtot (loc. cit.). The results are recorded above. The 2: 7-dinitro- 
fluorene remained unchanged in properties after a series of partial extractions with boiling 
glacial acetic acid and two recrystallisations each from nitrobenzene, nitromethane, acetone, 
and ethy] acetate. 

Identical results were obtained when the nitration was effected by adding fuming nitric 
acid drop by drop to a solution of fluorene in glacial acetic acid. 

Mononitration of 9-Bromofluorene.—Nitric acid (1-5 c.c., d 1-5) in acetic anhydride (10 c.c.) 
was added drop by drop to a mechanically stirred suspension of 9-bromofluorene (5 g.) in acetic 
anhydride (25 c.c.) at 0° After 1 hour, the product was collected, washed with light petroleum, 
and crystallised from alcohol, forming small colourless needles, m. p. 145° (Found: C, 53-8; 
H, 2-8; N, 5-1; Br, 27-3. Calc. for C,,H,O,NBr: C, 53-8; H, 2-8; N, 4-8; Br, 27-6%). The 
yield was 50%. 

Oxidation of 9-Bromo-2-nitrofluorene.—The bromide (1 g.) in glacial acetic acid (10 c.c.) was 
refluxed with sodium dichromate (5 g.) for 30 minutes. The ketone separated on cooling; 
recrystallised from acetic acid, it had m. p. and mixed m. p. with 2-nitrofluorenone (obtained 
from 2-nitrofluorene by a similar oxidation) 221° (Found: C, 69-3; H, 3-1. Calc.: C, 69-3; 
H, 3-1%). 

Dinitration of 9-Bromofluorene.—(a) In acetic anhydride. Nitric acid (30 c.c., d 1-5) in acetic 
anhydride (50 c.c.) was added slowly to a well-stirred, ice-cooled suspension of 9-bromofluorene 
(10 g.) in acetic anhydride (30 c.c.). After 2 hours, the mixture was left at room temperature 
for 15 hours. The solid product was collected and washed with light petroleum. The filtrate 
was poured into ice-water and the solid obtained from it after prolonged agitation was washed 
with a little ethyl acetate to remove a coloured impurity. The combined solids were partly 
(lissolved in boiling acetone (100 c.c.) and the insoluble portion, which consisted of almost pure 
9-bromo-2 : 7-dinitrofluorene, was crystallised from the same solvent, separating in long, almost 
colourless needles, m. p. 255—260° (decomp. into a red liquid) (Found: C, 46-6; H, 2-2; N, 
8-3; Br, 23-5. C,,H,O,N,Br requires C, 46-6; H, 2-1; N, 8-4; Br, 23-99%). The acetone solu- 








ow 
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tion on cooling deposited a further quantity of the same compound (total yield, 60%). The 
cold solution was filtered and evaporated to dryness and the 9-bromo-2 : 5-dinitrofluorene obtained 
was crystallised from ethyl acetate; m. p. 199° (yield, 20%) (Found: C, 46-8; H, 2-2; N, 
8-9; Br, 24-7%). 

(b) In glacial acetic acid. To 9-bromofluorene (5 g.), suspended in glacial acetic acid (25 c.c.) 
and mechanically stirred at 0°, a mixture of nitric acid (20 c.c., d 1-5) and glacial acetic acid 
(20 c.c.) was added drop by drop during 30 minutes. The temperature was kept at 0° for a 
further 60 minutes, then raised slowly to 20° and maintained for 5 hours. The product was 
mixed with ice, and the solid collected, washed with water, and partly dissolved in acetone 
(20 c.c.). The undissolved portion was crystallised twice from acetone; m. p. and mixed m. p. 
with 9-bromo-2 : 7-dinitrofluorene 255° (decomp.). The soluble portion was crystallised twice 
from aqueous acetic acid and once from ethyl acetate; m. p. 230° (Found: C, 51-5; H, 2-2; 
Br, 26-8. C,,H,O,NBr requires C, 51-3; H, 2-0; Br, 26-3%). 

Oxidation of 9-Bromo-2 : 7-dinitrofluorene.—The bromide (1 g.) in glacial acetic acid (15 c.c.) 
was refluxed with sodium dichromate (5 g.) for 2 hours. The solid product was washed with 
acetic acid and crystallised from the same solvent; m. p. and mixed m. p. with 2: 7-dinitro- 
fluorenone (obtained from 2 : 7-dinitrofluorene) 292°. 

Oxidation of 9-Bromo-2 : 5-dinitrofluorene.—Oxidation was effected as in the previous example 
and the product was crystallised from glacial acetic acid; m. p. 241°. It was identical with the 
ketone obtained from the similar oxidation of 2 : 5-dinitrofluorene (Found: C, 57-9; H, 24; 
N, 10-8. Calc.: C, 57-8; H, 2-2; N, 10-4%). 

Nitration of 9-Bromo-2-nitrofluorene.—The substance (5 g.) in acetic anhydride (20 c.c.) was 
nitrated with fuming nitric acid (15 c.c.) in acetic anhydride (25 c.c.), and the product treated 
as described for the direct dinitration of 9-bromofluorene in the same medium; 9-bromo-2: 5- 
dinitrofluorene, m. p. 199°, and 9-bromo-2 : 7-dinitrofluorene, decomposing at 255°, were again 
obtained. 


We are indebted to Miss B. S. Khambata for assistance in the preparation of 9-bromofluorene. 


UNIVERSITY COLLEGE, LONDON. (Received, October 3rd, 1935.} 





382. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XXIII. Stable Derivatives of the 
Tercovalent-carbon Compound of Ingold and Jessop. 


By E. D. Hucues and K. I. Kuriyan. 


It was observed by Ingold and Jessop (J., 1929, 2357) that solutions of fluorenyl-9-trimethyl- 
ammonium hydroxide were deeply coloured and it was suggested that the hydroxide might 
be in equilibrium with an anhydride (I). 


ag Satie C,H - + 
1) Geli. e—nm 64C—SMe, (IL) 
( “HA es et ea e5 


Later (J., 1930, 713) the same authors isolated the sulphonium analogue (II), but it was 
unstable at the ordinary temperature. It was desirable, therefore, to attempt to stabilise 
this unique compound by the introduction of suitable substituents. Structures of the type 


R’R”R’’C have usually a transient existence, but they should be stabilised by increasing 
the positive electrical field over the region of the negative carbon atom. We have therefore 
studied the mono- and di-nitro-derivatives of (II). 

The introduction of one nitro-group was effected by using 9-bromo-2-nitrofluorene 
(preceding paper) as the starting point for the preparation of the sulphonium salt. The 
action of sodium hydroxide or aqueous ammonia on 2-nztrofluorenyl-9-dimethylsulphonium 
bromide or picrate gave dimethylsulphonium 9-[2-nitrofluorenylidide]. This is a purple 
substance, which can be crystallised from acetone, and kept for several days without 
decomposition, although eventually a slight odour of dimethyl sulphide is developed. 
Decomposition can be effected by heating in nitromethane solution: the non-volatile 

5M 
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product was 2: 2’-dinitrobisdiphenylene-ethylene, as was proved by analysis and by 
oxidation to 2-nitrofluorenone. 

The introduction of two nitro-groups into 9-bromofluorene inhibited sulphonium salt 
formation with dimethyl sulphide. Fluorenyl-9-dimethylsulphonium picrate, however, 
on direct nitration gave a dinitro-derivative, which was identified as 2 : 7-dinttrofluorenyl- 
9-dimethylsulphonium picrate by heating with hydrogen bromide in acetic acid, and com- 
paring the 9-bromo-2 : 7-dinitrofluorene formed with an authentic specimen (preceding 
paper). Dimethylsulphonium 9-[2 : 7-dinitrofluorenylidide], obtained by treating the picrate 
with alkali, shows no sign of decomposition at the ordinary temperature. In appearance 
it resembles potassium permanganate both in the crystalline state and in solution, although 
it is soluble only in organic solvents and not in water alone. Like permanganate also, it 
acts as its own indicator in volumetric estimation: it reacts instantly with acids, giving 
colourless 2 : 7-dinitrofluorenyl-9-dimethylsulphonium salts, and the discharge of the 
purple fluorenylidide colour marks the end-point. Heated in nitromethane solution, it 
gives dimethyl sulphide and 2 : 2’ : 7 : 7’-tetranitrobisdiphenylene-ethylene. 

In view of the observations of Ingold and Jessop concerning the relative stability and 
ease of isolation of ammonium and sulphonium fluorenylidides, it was of interest to examine 
the corresponding selenonium compound. The action of aqueous alkali or ammonia on 
fluorenyl-9-dimethylselenonium bromide gave a black precipitate, soluble in organic solvents 
to form purple solutions. It was very unstable, decomposing rapidly with evolution of 
dimethyl selenide even at room temperature. Search for other stable fluorenylidides is 
being continued. 


EXPERIMENTAL. 


2-Nitrofluorenyl-9-dimethylsulphonium Salis.—The bromide crystallised when 9-bromo- 
2-nitrofluorene (preceding paper) and dimethyl sulphide were mixed in nitromethane and left 
over-night at room temperature; it was washed with ether (Found: C, 51-3; H, 4-1. 
C,;H,,O,NBrS requires C, 51-1; H, 40%). It decomposed slowly above 130°, giving off 
dimethyl sulphide, and melted with vigorous decomposition at about 135°, giving 9-bromo- 
2-nitrofluorene, m. p. 145°, after crystallisation from alcohol. The same products were obtained 
in an attempt to recrystallise the salt from aqueous alcohol. The corresponding picrate was 
prepared in the usual way with sodium picrate and crystallised from acetone; m. p. 185°, with 
decomposition into a red liquid (Found: C, 50-6; H, 3-4. C,,H,,O,N,S requires C, 50-4; 
H, 32%). 

Action of Bases on 2-Nitrofluorenyl-9-dimethylsulphonium Salis——The action of soluble 
alkalis on an aqueous, alcoholic, or acetone suspension of the sulphonium salts yielded dimethyl- 
sulphonium 9-[2-nitrofluorenylidide] as a purple precipitate, and a similar but much less complete 
reaction took place with water alone. The fluorenylidide was prepared in a pure condition as 
follows: The sulphonium salt was agitated with an excess of concentrated aqueous ammonia, 
and sufficient acetone added to dissolve the product. The solution was filtered, an equal volume 
of water added gradually, and the crystalline precipitate obtained was collected, washed with 
aqueous acetone, and recrystallised from acetone. It formed dark purple needles, easily 
soluble in nitromethane, ethyl acetate, chloroform, and acetone, giving deep red solutions, 
sparingly soluble in benzene, carbon tetrachloride, and alcohol, and insoluble in water, ether, 
and light petroleum (Found: C, 66-5; H, 4-7. C,;H,,0,NS requires C, 66-4; H, 48%). 
The nitrofluorenylidide is markedly more stable than its unsubstituted analogue (Ingold and 
Jessop, Joc. cit.) as indicated by the fact that the above analysis, made 2 days after its isolation, 
is satisfactory. On prolonged keeping in a closed vessel, however, it develops a slight odour of 
dimethyl sulphide. The evolution of sulphide is accelerated by heating; the compound shows 
no sign of melting at 300°, but the decomposition is accompanied by a change in colour from 
dark purple to brown. It decomposes slowly in suspension in boiling water and more rapidly 
in solution in certain organic solvents. It combines immediately with acids, forming 2-nitro- 
fluorenyl-9-dimethylsulphonium salts (compare Ingold and Jessop, Joc. cit.). 

2 : 2’-Dinitrobisdiphenylene-ethylene—The fluorenylidide was dissolved in nitromethane, 
and the solution boiled. The red colour was rapidly destroyed, dimethyl sulphide was evolved, 
and decomposition was complete in a few minutes. The reddish compound obtained was in- 
soluble in the usual solvents; crystallised from acetophenone, it had m. p. 300° (compare 
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Bergmann, Hoffmann, and Winter, Ber., 1933, 66, 46) (Found: C, 74:9; H, 3-5. Calc.: C, 
74:6; H, 3-4%). 

Oxidation of 2 : 2’-Dinitrobisdiphenylene-ethylene.—The ethylene (1 g.), suspended in glacial 
acetic acid (10 c.c.), was refluxed with sodium dichromate (5 g.) for 24 hours. The mixture 
was cooled and the crystalline compound formed was collected and recrystallised from acetic 
acid; m. p. and mixed m. p. with 2-nitrofluorenone 221°. 

2 : 7-Dinitrofiuorenyl-9-dimethylsulphonium  Salts.—(a)  Picrate. Fluorenyl-9-dimethy]l- 
sulphonium picrate (10 g.) (Ingold and Jessop, J., 1930, 713) was added little by little to nitric 
acid (25 c.c., d 1-5) at — 15°. The temperature was allowed to rise slowly to 0°; the mixture 
was kept at this temperature for 15 hours and then poured into ice-water. The yellow solid 
obtained was washed with water, and crystallised from acetone in the presence of a little picric 
acid; m. p. 180° (decomp. into a red liquid) (Found: C, 46-4; H, 2-9. C,,H,;0,,N,S requires 
C, 46-2; H, 28%). The orientation of the nitro-groups was effected as follows: The picrate 
(2 g.) was refluxed with hydrogen bromide in acetic acid (30% solution, 10 c.c.) for 30 minutes. 
The mixture was cooled, and the crystalline product was washed with alcohol and recrystallised 
from acetone; m. p. and mixed m. p. with 9-bromo-2: 7-dinitrofluorene (preceding paper) 
255—260° (decomp.). The ketone obtained by the oxidation of the bromide with chromic 
acid in glacial acetic acid was identical in all respects with 2 : 7-dinitrofluorenone. 

(b) Bromide. Dimethylsulphonium 9-[2 : 7-dinitrofluorenylidide] (below) was dissolved in 
acetone, and concentrated hydrobromic acid added until the pink colour was destroyed. The 
white crystalline product was washed with acetone (Found: Br, 20-0. C,;H,,0,N,BrS re- 
quires Br, 20-2%). An attempt to recrystallise it from alcohol resulted in the formation of 
dimethyl sulphide (identified by its additive compound with mercuric chloride) and 9-bromo- 
2: 7-dinitrofluorene (identified by direct comparison). When heated alone, it decomposed, 
evolving dimethyl] sulphide, and finally melted with rapid decomposition at about 230°, giving 
9-bromo-2 : 7-dinitrofluorene. An attempt to prepare the sulphonium bromide from 9-bromo- 
2: 7-dinitrofluorene and dimethyl sulphide in nitromethane solution was unsuccessful. 

Dimethylsulphonium 9-[2 : 7-dinitrofluorenylidide] was prepared from the above salts as 
described for the 2-nitro-analogue. It separated from acetone in prismatic crystals resembling 
potassium permanganate in appearance. It was insoluble in water, alcohol, benzene, ether, 
light petroleum, and carbon tetrachloride, slightly soluble in chloroform, and readily soluble in 
acetone, nitromethane, and ethyl acetate, forming deep permanganate-coloured solutions 
[Found: C, 57-0; H, 3-8; M (by titration with acid; cf. p. 1610), 315, 312. C,;H,,0,N,S 
requires C, 56-9; H, 38%; M, 316]. 

Decomposition of Dimethylsulphonium 9-[2 : 7-Dinitrofluorenylidide].—The compound evolved 
dimethyl sulphide above 150° with little change in appearance, but when heated strongly it 
became brick-red and finally decomposed violently with a flash of light. It appeared to be 
unattacked by boiling water, and decomposed very slowly in boiling acetone, but in boiling 
nitromethane the purple colour was rapidly destroyed, dimethyl] sulphide was copiously evolved, 
and orange-coloured 2: 2’: 7 : 7’-tetranitrobisdiphenylene-ethylene was precipitated. This was 
crystallised from acetophenone and washed with acetone; m. p. > 300° (Found: C, 61-7; 
H, 2-5; N, 11-1. CygH,,0,N, requires C, 61-4; H, 2-4; N, 110%). Oxidation with chromic 
acid in glacial acetic acid as described for the mononitro-analogue gave 2 : 7-dinitrofluorenone, 
m. p. and mixed m. p. 292°. 

Fluorenyl-9-dimethylselenonium Bromide.—Dimethyl selenide (1 g.) (Jackson, Amnalen, 
1875, 179, 1) and 9-bromofluorene (2-5 g.) were mixed in nitromethane (15 c.c.). After 30 
minutes, fluorenyl-9-dimethylselenonium bromide crystallised in almost quantitative yield; 
recrystallised from nitromethane, it formed white plates, m. p. 134—135° (Found: C, 50-7; 
H, 4-4. C,;H,,BrSe requires C, 50-8; H, 4-2%). The corresponding picraie, crystallised from 
alcohol, had m. p. 143° (Found: C, 50-0; H, 3-5; N, 8-3. (C,,H,,0,N,Se requires C, 50-2; 
H, 3-4; N, 8-4%). 

When the bromide was refluxed with water for 30 minutes, dimethyl selenide was evolved 
and 9-fluorenyl alcohol precipitated (compare Ingold and Jessop, J., 1930, 716). 


We are much indebted to Professor C. K. Ingold, F.R.S., who suggested the subject, for his 
advice and encouragement. 


UNIVERSITY COLLEGE, LONDON. [ Received, October 3rd, 1935.] 
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383. The Photochemical Decomposition of M ethylamine and 
Ethylamine. 


By H. J. Emevéus and L. J. JoLLey. 


METHYLAMINE and ethylamine were shown by Taylor and Emeléus (J. Amer. Chem. Soc., 
1931, 58, 3370) to decompose when irradiated with a mercury arc; the reaction was accom- 
panied by a small pressure increase, hydrogen, a non-volatile liquid, and small amounts 
of methane, ethane, and nitrogen being formed. It was assumed that any ammonia 
formed would itself undergo photodecomposition ; this has been found to be incorrect, for 
ammonia constitutes one of the products from both amines. The thermal oxidation and 
decomposition of methylamine have recently been investigated (Jolley, J., 1934, 1957; 
Emeléus and Jolley, this vol., p. 929), and for comparison with these reactions, it was 
desirable to obtain further data for both the photodecomposition and the photo-oxidation 
of methylamine. The work described below comprises a re-examination of the products 
of these reactions, and an approximate determination of the quantum yields. 

The absorption spectra of the two amines were photographed as a preliminary to studying 
the photochemical reactions. Herzberg and Kdélsch (Z. Elektrochem., 1933, 31, 572) 
have briefly described these spectra, which begin at approximately 2400 A., and extend 
to the limit of optical transmission of quartz; the spectra consist of broad bands, resembling 
those of ammonia (Liefson, Astrophys. J., 1926, 63, 73), and these authors suggested that 
the absorption process is localised in the amino-group. Our re-examination of these 
spectra shows definite evidence of fine structure in some of the absorption bands. 


EXPERIMENTAL. 


The Absorption Speciva of Methylamine and Ethylamine.—Methylamine and ethylamine 
were prepared by dropping saturated solutions of their hydrochlorides on solid sodium hydroxide, 
drying the amines with lime, and purifying them by vacuum fractionation. The gases were 
stored in glass globes. 

The spectrograph used was a small quartz instrument (Hilger, E.4) giving a dispersion of 
about 20 A./mm. at 2400—2200 A. A number of exposures were also made on a medium 
quartz instrument (Hilger E.2). The light source was a water-cooled Wood’s hydrogen tube 
with hollow cylindrical aluminium electrodes and a waxed-on quartz window. It was operated 
from a 5000-volt transformer at 0-25—0-3 amp. Iron or copper arc comparison spectra were 
superposed on all the absorption spectrum exposures. Ilford ordinary or special “‘ Q”’ plates 
were used. In the latter, absorption by gelatin at wave-lengths less than 2350 A. is minimised. 








Absorption Bands of Methylamine. Absorption Bands of Ethylamine. 
a, A. 1/A, cm, Av. A, A. 1/A, cm.-. Av. 
2442 40,951 2372 42,158) 
ome pe 763 2365 42,282 | 724 

; 659 2332 42,882- 
2360 42,373 658 2325 } 43,012 a06 
2324 43,031 (2313) 43,236 
2307 43,351 671 2290 43,668- 
2288 43,702 682 2280 43,860 697 
2271 44,033 663 2274 43,974 
2254 44,365 652 2254 44,365- 
2238 44,685 660 2245 | 44,544 
2221 45,025 671 2237 | 44,704 745 
2205 45,356 674 (2229) 44,867 
2188 + 45,699 662 2217 45,110- 
2173 46,018 683 2209 | 45,277 
2156 46,382 689 2200 45,455 719 
2141 46,707 680 2193 45,597 
2125 47,062 664 2182 45,829" 
2111 47,371 666 2176 | 45,953 
2095 47,728 706 2166 46,166 
(2080) 48,077 626 (2159) 46,318 
(2068) 48,354 584 
(2055) 48,661 666 


(2040) 49,020 












vA AL 


Pe ae i WH 
i i | l fat 
pk Past Be wee tl i : 
j By 4 : 

i) Hi Wy 

res Miteit ! ! 


U | t { t 
Ss N 
is = we & 
_N N N N N_ 
Absorption spectra of methylamine and ethylamine. 


CH,-NH,: (a) 12 mm., (b) 8 mm., (c) 200 mm. 
C,H,-NH,: (d) 3-5 mm., (e) 9-5 mm., (f) 28 mm., (g) 100°5 mm, 
[To face p, 1613. 
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A cylindrical quartz absorption cell (5 cm. diameter, 5 cm. thick) with plane ends was used. 
It was connected by a standard ground joint to a mercury manometer, to the vacuum line, and 
to the amine reservoir. A series of exposures was taken at different pressures. Measurements 
of the absorption bands were made on anenlargement (x 10) of the negative, the arc lines being 
used for reference. The positions of the centres of the bands were measured in every case with 
an estimated accuracy of +2 A. The bracketed values refer to weaker bands, for which the 
error may be greater. 

The frequency differences between the second and third and the third and fourth bands 
measured were 660 and 670 cm.-! respectively. This difference is constant within the limits 
of experimental error throughout the spectrum, the differences tabulated under Av being those 
of alternate bands after the first three. The divergence shown by the band at 2442 A. is probably 
due to the fact that its centre was not measured. 

The mean value (669 cm.-') agrees with that given by Herzberg and Kolsch (loc. cit.) and 
attributed by them to a vibrational frequency of the excited amino-group. The corresponding 
value in the case of ammonia is 900 cm.-'. 

Photographs of the absorption spectrum of methylamine are shown in the plate. Ata pres- 
sure of 12 mm. (Fig. a) the absorption bands visible extend from 2000 to 2400 A. The band 
width is 4—8 A., and there is no indication of band heads or structure below 2300 A. Enlarge- 
ment (Fig. b) shows the spectrum at a pressure of 8 mm. on the medium quartz spectrograph. 
The most prominent bands are those at 2397, 2360, 2324, and 2307 A., and with the greater 
dispersion they exhibit sharp heads with degradation towards the violet. At a pressure of 
20 cm. (Fig. c) only two absorption bands are visible, viz., those at 2397 and 2441 A., absorption 
at shorter wave-lengths being continuous. These again show evidence of structure. The 
measurement of rotational fine structure in the absorption bands of so complex a molecule as 
methylamine would require a high dispersion, and photographs with a grating spectrograph 
are to be made. At wave-lengths less than 2300 A., the absorption bands of methylamine 
are diffuse and resemble those of ammonia. The few bands at longer wave-length probably 
have structure, and absorption in this region may result in an excited molecule instead of pre- 
dissociation. 

The absorption bands of ethylamine differ in general appearance from those of methylamine 
and ammonia in that they are arranged in groups. The tabulated values of the wave numbers 
show a constant frequency difference of 726 cm.-! (mean) between the first members of each 
group. This value is repeated for the second, third, and fourth members of the groups. It 
probably corresponds to the values 670 cm.-! found for methylamine and 900 cm.- for 
ammonia, and to a characteristic frequency of the excited amino-group. Photographs of these 
bands at pressures of 3-5, 9-5, 28, and 100-5 mm. are shown in the plate (Figs. d—g). 

The breadth of the ethylamine absorption bands is 5—8 A. Those below 2300 A. appear 
to be diffuse and to lack sharp edges. At longer wave-lengths the bands show a complex 
structure (cf. Figs. f, g). If this is rotational fine structure it will explain the observation of 
Banov and Prileshaeva (Compt. rend. Acad. Sci., U.R.S.S., 1934, 3, 497), who reported a fluor- 
escence of ethylamine at low pressures when illuminated with light of wave-length between 
2800 and 2300 A. At short wave-lengths (< 2300 A.) predissociation may occur, while absorp- 
tion of light of longer wave-length could cause dissociation in collisions at higher pressures, © 
and give rise to fluorescence at lower pressures. 

Photodecomposition of Methylamine.—Convenient rates of decomposition were obtained with 
a vertical mercury arc (200 watts) placed 1-5 cm. from the wall of the cylindrical quartz 
reaction bulb (10 cm. long, 2-5 cm. diam.). The latter was connected by 2-mm. capillary 
tubing to reservoirs containing the reactants, to a constant-volume capillary mercury mano- 
meter, and to a Tépler pump for withdrawing gases for analysis in the Bone and Wheeler 
apparatus. With this arrangement the reaction vessel became heated to 100—150°. Irradiation 
with an aluminium spark, operated with a 2-kw., 10,000-volt transformer with a large tinfoil— 
glass condenser in parallel and an auxiliary spark gap in series, also gave convenient rates of 
decomposition. No appreciable heating of the reaction vessel took place with the spark 5 cm. 
from the quartz surface. The electrodes were aluminium rods 1 cm. thick; the spark gap was 
5—10 mm. and was kept constant during a run by throwing a magnified image on a screen, 
and adjusting the gap by hand. Reproducibility of reaction rates showed the intensity of 
illumination to be constant to approximately +10%. 

Products. The non-condensable gases were analysed in a Bone and Wheeler apparatus. 
The gas condensable in liquid air contained undecomposed methylamine together with ammonia 
and other products, and was transferred to a vacuum fractionation apparatus (Stock and 
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Somiesky, Ber., 1916, 49, 111). It was established in a series of preliminary experiments that 
ammonia could be separated from methylamine by distilling the mixture in a vacuum from a 
U-tube cooled to — 118°, and condensing the volatilised gas in a second U-tube cooled in liquid 
air. This method was applied to the product from the photodecomposition of methylamine. 
After 10—25 minutes’ distillation no further material volatilised. The vapour pressures of the 
volatile and the non-volatile fraction were then measured at a series of low temperatures, 
the respective values being in approximate agreement with those of ammonia and methylamine. 
Finally, each of the fractions was distilled in turn into a small bulb with a manometer attached, 
in order to determine the relative volumes, and the completeness of absorption in dilute acid 
was tested by distilling into a bulb containing dilute sulphuric acid. Both fractions were 
absorbed completely, showing that condensable hydrocarbons were absent. It was also shown 
by separate tests that the less volatile fraction contained no hydrogen cyanide. 

The non-volatile liquid reaction product was soluble in water, the solution being alkaline 
to methyl-red. A very small and variable titration was obtained with 0-05N-hydrochloric 
acid which was ascribed to dissolved methylamine or ammonia. The solutions gave a strong 
formaldehyde reaction (Schryver’s test). To another portion of the solution, 2: 4-dinitro- 
phenylhydrazine hydrochloride was added; a small yellow precipitate was formed, probably 
indicating the presence of CH,*N:CH, in the liquid product. 

Table I shows the results of analyses in five experiments. In Expts. 1—3 the aluminium 
spark at a distance of 5 cm. was used for illumination, but in 4 and 5 the mercury arc at a dis- 
tance of 1-5 cm. was used. The experiments at room temperature with the aluminium spark 


TABLE I. 
Products of the Photodecomposition of Methylamine. 
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show that approximately 1 mol. each of ammonia and hydrogen are formed in the decomposition 
of 2 mols. of methylamine. The reaction 2CH,-NH, = H, + NH, + a non-volatile product 
would involve no pressure change. Possible reaction mechanisms are discussed later. Expts. 
4 and 5 with the hot system show an increased formation of hydrogen, and a total pressure 
increase corresponding to the extra hydrogen formed. They also show a slightly increased 
formation of methane, which was even more marked in earlier experiments at 260° (Emeléus 
and Taylor, /oc. cit.), and was attributed to the increasing probability of the slightly endothermic 
reaction CH, + H, = CH, +H with rise in temperature. An alternative mechanism for 
methane formation is suggested on p. 1617. 

Quantum Yield of the Decomposition of Methylamine.—An estimate of the quantum yield 
was made by comparing the rates of decomposition of ammonia and methylamine when illum- 
inated under the same conditions. The rates so observed will be proportional to the quantum 
yields for the two reactions only if absorption of the effective light is complete in each case, 
and if the two substances absorb in the same spectral region. The first criterion is satisfied 
in the measurements at approximately 100 mm. pressure recorded below, since the reaction 
rates at this pressure have reached a steady value. The second criterion is satisfied only very 
roughly, since the absorption spectrum of ammonia extends to 2260 A., and that of methy]l- 
amine to ca. 2450 A. The most intense lines in the ultra-violet spectrum of the aluminium 
spark are at wave-lengths less than 2000 A. and are absorbed by both substances, but there are 
several lines of moderate intensity which would be absorbed by methylamine and not by 
ammonia. Accordingly, the quantum yields observed for methylamine will represent an upper 
limit. They will, however, serve to show whether the photodecomposition of the amine is a 
reaction with long chains, or whether it is more analogous to that of ammonia. 
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Data for these experiments which were all of one hour’s duration, are tabulated below. The 
centre of the spark was at 5 cm. from the side of the quartz vessel, and the gap was kept constant. 


Relative Rates of Decomposition of Ammonia and Methylamine. 


Ammonia. Methylamine. 
Initial press., Press. of NH, decomp., Initial press., Press. of CH,-NH, decomp., 
mm. mm. mm, mm, 
49°5 10°0 49°5 23°4 
101°5 9-2 101°9 32°4 
102°5 117 106-0 31°4 
295 ; 30°0 


Ata pressure of approximately 100 mm., corresponding with complete absorption, the decom- 
position rate for methylamine was three times greater than that for ammonia. If the quantum 
yield for the decomposition of ammonia is taken as 0-25 (Warburg, Berl. Akad. Ber., 1911, 746), 
that for methylamine cannot be greater than 0-75. 

This value must be modified owing to differences in light absorption, and also on account 
of the formation of ammonia in the photo-reaction. Such ammonia would itself absorb part 
of the active light, but the effect is likely to be small, since little hydrogen is found in the final 
reaction products. It is concluded from these experiments that the quantum yield of the de- 
composition of methylamine is less than 0-75, and that the reaction does not involve a chain 
mechanism. 

Photo-oxidation of Methylamine.—Irradiation of a methylamine-oxygen mixture in a 
quartz bulb produced a relatively large pressure decrease, and the deposition of a dew on the 
walls of the bulb. Analysis of the non-condensable gas present at the completion of the reaction 
showed small amounts of carbon monoxide, hydrogen, and nitrogen to have been formed. 
The liquid reaction product contained a white crystalline solid, which gave a Schryver test 
after warming with sulphuric acid. It was probably a mixture of condensation products of 
formaldehyde with ammonia and methylamine. 

In the following experiment the methylamine—oxygen mixture was illuminated with the 
aluminium spark, and the reaction products were analysed. Non-condensable gases were 
first removed. The residual products were separated as far as possible from water by repeatedly 
distilling them from a bath at — 100°. After each distillation the residual material was allowed 
to warm to room temperature and then cooled rapidly. By this means gases dissolved in the 
water were removed, for, on rapid cooling, they did not redissolve. The ammonia and methyl- 
amine in the volatile fraction obtained in this way were separated as already described. The 
results of this experiment were as follows : 


Time of illumination 3 hrs. Press. decrease = 49-2 mm. 
Initial CH,*NH, press. = 131-5 mm. 
” O, ” 124-2 ” 


The products (expressed as mm. pressure in the reaction system) were: H,, 2-7; CHy,, 0-3; N,, 
2-8; CO, 6-5; NH,, 30-0. The methylamine and oxygen consumed were respectively 83-5 and 
28-7mm. The amount of ammonia and methylamine recovered from the reaction product must 
be low owing to the reaction with formaldehyde, i.e., the figure for the methylamine used is 
too high and that for ammonia formed is too low, but these corrections cannot be determined. 
Two facts emerge from this analysis: (i) there is very little change in the amount of ammonia 
formed in the oxidation as compared with the decomposition; (ii) very little free hydrogen is 
formed in the oxidation. 

In order to determine if absorption of light by oxygen plays any part in initiating the reaction, 
mixtures of methylamine and oxygen were illuminated with light from a horizontal mercury 
arc, with and without the insertion in the light path of a quartz cell, 5 cm. thick, containing 
a 5% sodium chloride solution. This filter absorbs all light of wave-length less than 2050 A., 
i.e., all wave-lengths which would be absorbed by oxygen molecules. There was a decrease 
in reaction rate from 6 mm./hr. (pressure change) without the filter to 5 mm./hr. with the 
filter, an effect so small as to be attributable to the change in light available for absorption by 
methylamine. This observation means that the non-appearance of molecular hydrogen is 
not due to its direct oxidation, as the oxidation occurs normally when no light is absorbed by 
oxygen. The hydrogen must result from some intermediate stage in the reaction (e.g., by inter- 
action of CH, or H with methylamine), the intermediate product being sensitive to oxygen. 
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The following experiments were made under identical conditions of illumination with the 
aluminium spark for the decomposition and oxidation reactions. 


Products, mm. 





CH,°NH, O, Time Ap r — ~ O, 
(mm.). (mm.). (hrs.). (mm.). H,. co. N,. consumed. 


Decomposition ... — 25°5 —- 2 47°5 — 10 — 
Oxidation : 229 21 —122 2-0 16 4°3 49°5 
In these two experiments the difference in initial methylamine pressure is without influence, 
absorption being complete in either case. In the oxidation experiment the oxygen consumed is 
approximately equal to the hydrogen formed in the decomposition. It has already been shown 
that in the oxidation thé methylamine oxidised (a maximum value) equals twice the oxygen 
consumed. In the decomposition the methylamine decomposed is equal to twice the hydrogen 
formed. It follows that the rate of disappearance of methylamine is uninfluenced by the addition 
of oxygen, and therefore the quantum yield is the same for the oxidation as for the decomposition. 
Thus the photo-oxidation of methylamine either is not a chain reaction, or involves very short 
chains. 

Photodecomposition of Ethylamine.—Two experiments were carried out with the vertical 
mercury arc placed 1-5 cm. from the quartz bulb, the times of illumination being 2 and 3-5 
hours. The analytical results are recorded below, pressures being expressed in mm. 


Prue. Apinreaction., Apynyet. Puy Pyny. Pony. Pms. Puyarocarbon. 
250°1 24°9 96°5 58°8 61°7 57 2-0 3°32 
148-0 49°2 109°9 84°5 53°2 9°4 22 2°67 

Comparing the rate of decomposition with that of methylamine under the same conditions 
(Expt. 4, Table I), it is seen that in 2 hours 96-5 mm. of ethylamine or 73-9 mm. of methyl- 
amine were decomposed. This shows that the quantum yields of the two reactions are of the 
same order (< 0-75). Ammonia is formed in considerable amounts in the photodecomposition 
ofethylamine. Its separation from undecomposed ethylamine was effected in the same manner 
as in the case of methylamine, the vapour pressures differing sufficiently to give an almost 
quantitative separation. The ammonia fraction was not completely absorbed in dilute acid, 
showing that hydrocarbons (ethane and ethylene) were present. These hydrocarbon residues 
in the above two experiments were combined, and on analysis in the Bone and Wheeler apparatus 
were found to contain 93-7% of ethane and 6-3% of ethylene. The liquid reaction product 
when dissolved in water smelt of acetaldehyde, and gave a yellow precipitate with 2 : 4-dinitro- 
phenylhydrazine, but the amount was not sufficient fora m. p. determination. The gaseous pro- 
ducts are similar to those from methylamine, since hydrogen and ammonia again predominate. 
It is evident that the reaction mechanism is similar to that for the photodecomposition of 
methylamine. 
DISCUSSION. 

The foregoing experiments establish that ammonia is one of the products of the photo- 
decomposition both of methylamine and of ethylamine. The quantum yield in the former 
decomposition has been shown to be less than 0-75, that of ethylaminé being of the same 
order. The chemical changes taking place are probably very complex. It has been shown 
that the absorption spectrum of methylamine is probably of the predissociation type, 
which implies that dissociation of the molecule occurs spontaneously on absorption. 
The weakest link in the molecule is that between carbon and nitrogen (70 kg.-cals.), values 
for C-H and N-H being 90 and 91 kg.-cals. respectively. The production of a methyl 
and an amino-group, the initial step assumed by Taylor and Emeléus (loc. cit.), will explain 
the photosensitisation of ethylene polymerisation by methylamine. Recently, Emeléus 
and Jolley (Joc. cit.) have suggested a chain mechanism which accounts for the products 
of pyrolysis of methylamine. The initial process consists of a thermal dissociation into 
free methyl and amino-radicals, subsequent stages being 


CH, + CH,NH, = CH, + CH,NH —> CH, + CH,‘NH + H 

NH, + CH,‘NH, = NH, + CH,NH —> NH, + CH,:NH + H 

H +CH,NH,=H, +CH,;NH—>H, +CH,NH +H 
CH,INH = HCN + H, maa 
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As calculated from the bond strengths, the first steps in (1) and (2) are almost thermo- 
neutral, the second stages being endothermic to the extent of about 20 kg.-cals. 

If the same process were operative in the photo-reaction as in the pyrolysis, methane 
and ammonia should be formed in comparable amounts. Actually, little methane results 
unless the temperature is raised. There is no other ready way of accounting for the methyl 
groups, as they form no ethane. A further difficulty in adopting the pyrolysis mechanism 
for the photochemical reaction is that no hydrogen cyanide is formed, and that the only 
clearly exothermic process is that represented by equation (3). 

The alternative is that methylamine dissociates into atomic hydrogen and the CH,-NH 
residue. This process might occur if the energy absorbed remained within the amino- 
group, and it would be comparable with the photo-dissociation of ammonia into NH, and 
H (Geib and Harteck, Z. physikal. Chem., 1931, Bodenstein Festband, 861; Melville, 
Trans. Faraday Soc., 1932, 28, 885). On this basis it would be necessary to suppose that 
molecular hydrogen is formed in the exothermic process H + CH,-NH, = CH,"NH + H,. 
Formation of ammonia is best accounted for by the bimolecular process 2CH,*NH = 
CH,*N:CH, + NHs3, which, from bond-strength calculations, is exothermic. The exact 
value is doubtful owing to the unknown factor involved in the formation of a double 
bond. It is necessary to assume in this case that the CH,*NH radical will make unfruitful 
collisions with methylamine and hydrogen molecules. This reaction scheme accounts 
for the influence of oxygen on the products of photolysis, for atomic hydrogen would react 
readily with oxygen. The product CH,*N°CH, should hydrolyse to formaldehyde, in agree- 
ment with the observed behaviour of the liquid product of photolysis. The production 
of atomic hydrogen may well occur in the photolysis of ethylamine also. We hope to apply 
Pearson’s method of detecting free radicals in photochemical reactions (J., 1934, 1718) 
to obtain further information as to the presence or absence of free methyl and ethyl in the 
two processes which have been studied. 
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384. Metallic Derivatives of 2-Nitroso-5-methoxy- and of 3-Chloro- 
2-nitroso-5-methoxy-phenol. 


By HERBERT H. HopGson and WALTER E. Batty. 


2-NITROSO-5-METHOXYPHENOL apparently exists in the nitroso-form in benzene solution, 
since it always separates therefrom in green crystals, but it very readily changes into the 
quinoneoxime tautomeride, even on mere dissolution in alcohol, and the latter form ap- 
pears to be of greater stability generally. This view is supported by properties such as 
the very slight volatility in steam and the moderate solubility in water. The 3-chloro- 
derivative, however, differs strikingly from the parent substance in being readily volatile in 
steam, from which it condenses in olive-green plates, and in always separating from alcohol, 
benzene, ether, and light petroleum in similar olive-green crystals, and so far no other 
coloured form has been obtained; further, its sparing solubility in water and ready solu- 
bility in benzene appear to indicate a high degree of chelation. The inductive (— J) 
effect of the chlorine atom, therefore, which so materially improves the stability of 3-chloro- 
2-nitroso-5-methoxyphenol that it can be kept for months without deterioration, likewise 
prevents transition to the quinonoid form: the formula (I) appears to represent the facts. 

Of the metallic compounds which have now been prepared from 2-nitroso-5-methoxy- 
phenol and from its 3-chloro-derivative, those with mercury, aluminium, tin, iron, cobalt, 
and nickel were found to be soluble in such organic solvents as benzene and chloroform, 
and those containing sodium, potassium, silver, zinc, cadmium, lead, manganese, and 
uranium were insoluble. The former products appear, therefore, to be co-ordination com- 
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pounds; the latter are probably normal salts. No metallic derivatives could be obtained 
from the nitroso-compounds and aqueous solutions of stannous or stannic chloride or of 
salts of chromium, aluminium, antimony, and titanium. 

The normal sodium and potassium salts readily form addition compounds with one 
molecule of salicylaldehyde, and in so doing lose their bright green colour and turn yellow. 
This is evidence of the formation of a chelate compound (II) as in the products of Sidgwick 
and Brewer (J., 1925, 127, 2379). The 3-chloro-compound, however, reacts the more 
slowly, thereby indicating the (— J) inductive effect of the chlorine substituent. The 
addition compounds from both nitroso-compounds appear to be more stable than the corre- 
sponding substances of Sidgwick and Brewer (loc. cit.), inasmuch as they can be purified 
by repeated washing with ether. 


(I “| BR “E0) M = Naor K 
Oe of » ] 


i se | R = Hor Cl 
oe OMe 


A potassium compound of 2-nitroso-5-methoxyphenol is described by Lifschitz (Ber., 
1914, 47, 1876) as having the formula KC,;H,O,N,C,;H,0,N,H,O and being red-brown in 
colour, which would suggest the structural formule (III) and (IV) for the respective 
resonance forms. 


a Cn-0*- 4 ( . 
MeO H, OMe 
Y 
\7 (III.) 


AN N=07 9 


Red or brown) 


(V. Green) || 
WA 


Similarly the green and the red (or brown) co-ordinated compounds described below are 
depicted by the structures (V) and (VI), which are resonance forms, representing a single 
molecule. This, however, can partake of the characters of the two forms to a different 
extent, which may vary with the nature of the substituents. The reasonable assumption 
is made that the colour of the compound is evidence of the predominant form, those which 
approach (V) more nearly being green, and those which approach (VI) being red or brown. 


EXPERIMENTAL. 


Preparation of the Metallic Compounds.—(A) The nitrosophenol, dissolved in alcohol or 
acetone, is added dropwise to a very dilute aqueous solution of the mineral acid salt (chloride, 
nitrate, or sulphate) or of the acetate. Usually the co-ordination complex is precipitated im- 
mediately, whereas the normal salt separates gradually. It is necessary, however, to guard 
against mistaking precipitated reagent for the desired metallic compound. The cases of ferrous 
and cobalt salts require special attention, since, to obtain pure products, it is necessary to allow 
oxidation; this is facilitated by atmospheric exposure; also the solutions must be moderately 
dilute, otherwise the precipitates are unduly dark. Mild heating is an advantage in the prep- 
aration of the nickel salt. 

(B) The chlorostannic and chloroaluminic compounds must be formed in dry benzene; 
the precipitate is of better texture when the nitrosophenol is added to the salt solution. The 
product must be rapidly washed with dry benzene and dried in a vacuum. 

(C) For the preparation of the copper and the alkali-metal derivatives, the nitroso-compound 
is dissolved in alcohol or acetone, copper acetate in acetone, and the alkali hydroxide in alcohol. 

Test for the Sensitivity of the Iron Coloration.—3 Drops of a 1% solution of the nitrosophenol 
in acetone were added to 10 c.c. of N/10*-aqueous ferrous sulphate, and the well-stirred mixture 
compared with a similar one made with 1% potassium ferricyanide solution. Initially the 
colour change with the nitrosophenol was at least three times as intense as that with the ferri- 
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cyanide, but after 24 hours the colours of both solutions were of approximately equal intensity. 
The yellow-brown colour given by ferric iron was not visible at dilutions below N/10°. 

Wool mordanted with ferrous salts is dyed a blue-green shade when padded with nitroso- 
phenol solutions; the colour lake is decolourised by acids, restored by ammonia, and destroyed 
by stannous chloride. 

Description of the Metallic Compounds.—For brevity, the analyses are expressed in the form : 
Radical, % found (% required); e.g, Hg, 40-0 (39-7). X = C,H,O,N and Y = C,H,O,NC1. 

Probable co-ordination compounds. These are all more or less soluble in benzene and chloro- 
form. Mercury: HgX, crystallises from benzene in short, deep red micro-prisms, m. p. 201° 
(Hg, 40-0 (39-7)]. HgY, crystallises from benzene or chloroform in bright red micro-grains 
(Cl, 12-2 (12-3)]. Aluminium : AIXCl,, light yellow micro-crystals from chloroform, which 
darken in air [Cl, 28-2 (28-4)]. ALYCl,, very light yellow prisms from chloroform; the colour 
deepens on heating [Total Cl, 37-2 (37-4); ionic Cl, 25-1 (25-0)]. Tim: SnXCl,, red-orange 
micro-plates from chloroform, m. p. 147° [Cl, 28-3 (28-2)]. SnYCl,, brown-red plates from 
chloroform ; the colour deepens on heating [Total Cl, 34-3 (34-5); ionic Cl, 25-7 (25-9)]. Iron : 
Fe(OH)X,, dark green micro-needles from chloroform, which are also soluble in pyridine, 
naphthalene, acetone, benzene, and alcohol [Fe, 14-9 (14-8)]. FeX,, brown micro-crystals from 
benzene [Fe, 11-0 (10-9)]. Fe(OH)Y,, dark green needles from chloroform [Cl, 15-6 (15-9)]. 
FeY;, brown micro-crystals from benzene [Cl, 17-0 (17-3)]. Cobalt: CoX;, red microprisms 
from chloroform, which are also soluble in benzene, chloroform, alcohol, and acetone (slightly) 
but insoluble in light petroleum [Co, 11-2 (11-4)]. CoY;, bright red micro-grains from chloro- 
form [Cl, 17-1 (17-2)]._ Nickel : NiX,, micro-needles from chloroform, resembling the dimethyl- 
glyoxime compound in colour, and the cobalt compound in solubility [Ni, 16-4 (16-2)]. NiY,, 
bright red microcrystals like the cobalt compound [Cl, 16-5 (16-5)]. Sodium : Double compounds 
with salicylaldehyde: light yellow crystals. NaX,C,H,O, [Na, 7-8 (7-7)]. NaY,C,H,O, 
[Na, 7-0 (6-9)]. Potassium: Double compounds with salicylaldehyde: light yellow crystals. 
KX,C,H,O, [K, 12-0 (12-4)]. KY,C,H,O, [K, 11-5 (11-2)]. 

Non-co-ordinated salis. These are insoluble in organic solvents. Sodium: NaX, bright 
green crystals [Na, 13-3 (13-1)]. NaY, bright green crystals [Na, 11-2 (11-0)]. Potassium : 
KX, bright green crystals [K, 20-0 (20-4)]. KY, bright green crystals [K, 17-1 (17-3)]. Silver : 
AgX, red-brown micro-needles [Ag, 41-6 (41-5)]. AgY, brown micro-needles [Cl, 12-0 (12-0)]. 
Zinc: ZnXzq, light yellow-brown, flat prisms [Zn, 17-9 (17-6)]. ZnY,, light yellow prisms 
[Cl, 16-4 (16-2)]. Cadmium : CdX,, flat maroon macro-prisms [Cd, 26-6 (26-8)]. CdY,, maroon 
plates [Cl, 14-6 (14-6)]. Lead: PbX,, dark yellow-brown micro-crystals [Pb, 40-2 (40-5)]. 
PbY,, dark brown micro-crystals [Cl, 12-2 (12-2)]. Manganese : MnX,, minute brown prisms 
[Mn, 15-1 (15-3)]. MnY,, long, dark brown prisms [Cl, 16-9 (16-6)]. Uvanium: UO,X,, 
yellow-brown micro-plates [U, 42-0 (41-5)]. UO,Y,, russet micro-crystals [Cl, 11-2 (11-0)]. 

The silver and mercury compounds described by Kietaibl (Monatsh., 1898, 19, 544) as given 
by 2-nitroso-3-ethoxyphenol are really those of 2-nitroso-5-ethoxyphenol and homologous 
with the corresponding compounds described above. 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 
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385. Derivatives of 6-Bromo- and 4 : 6-Dibromo-m-toluidine. 
By G. D. Parkes and E. p’A. BURNEY. 


THE action of bromine upon aceto-m-toluidide yields first 6-bromoaceto-m-toluidide and 
then (with 2 molecules of bromine) a mixture of 2 : 6- and 4 : 6-dibromoaceto-m-toluidide. 
The latter constituent is readily obtained pure by recrystallisation of the mixture from 
alcohol. 

6-Bromo- and 4: 6-dibromo-m-toluidine, obtained by hydrolysis of the acetyl com- 
pounds, are readily diazotised and the diazonium salts yield hydrazines on reduction, and 
couple and condense in a normal manner. The hydrazines form stable well-crystallised 
hydrazones, which react with bromine in a similar manner to other hydrazones (compare 
Chattaway and Parkes, this vol., p. 1005). 
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A number of other brominated derivatives of m-toluidine have been prepared, and their 
properties are here briefly recorded. 


The following m-toluidides were prepared by suitable modifications of ordinary methods and 
crystallised from alcohol: o’-nitrobenzo-, pale yellow needles, m. p. 146° (Found: N, 10-7. 
C,,H,,0,N, requires N, 10-9%) ; m’-nitrobenzo-, almost colourless needles, m. p. 114° (Found : 
N, 10-9%); p’-nitrobenzo-, pale yellow needles, m. p. 148° (Found: N, 10-8%) ; benzo-6-bromo-, 
white needles, m. p. 123° (Leulier and Arnoux, Bull. Soc. chim., 1887, 47, 730, give m. p. 98°) 
(Found: Br, 27-5. Calc.: Br, 27-6%); 0’-nitrobenzo-6-bromo, pale yellow needles, m. p. 163° 
(Found: Br, 23-8. C,,H,,O,N,Br requires Br, 23-9%) ; m’-nitrobenzo-6-bromo-, white leaflets, 
m. p. 185-5° (Found : Br, 23-8%) ; p’-nitrobenzo-6-bromo-, pale yellow needles, m. p. 258° (Found : 
Br, 23-9%) ; benzo-4 : 6-dibromo-, white needles, m. p. 131° (Found: Br, 43-6. C,,H,,ONBr, 
requires Br, 43-4%); 0’-nitrobenzo-4 : 6-dibromo-, pale yellow needles, m. p. 203° (Found: 
Br, 38-7. C,,H,O;N,Br, requires Br, 38-65%); m/’-nitrobenzo-4 : 6-dibromo-, white needles, 
m. p. 207° (Found: Br, 38-8%); p’-nitrobenzo-4 : 6-dibromo-, yellow needles, m. p. 182-5° 
(Found : Br, 39-1%). 

6-Bromo-m-iolylurea, prepared from 6-bromo-m-toluidine (9-3 g.) in warm N/2-hydrochloric 
acid (100 c.c.) and potassium cyanate (4-5 g.) in a little water, crystallised from benzene in white 
needles, m. p. 191° (Found: Br, 34:9. C,H,ON,Br requires Br, 349%). 4: 6-Dibromo-m- 
tolylurea separated after several days from mixed solutions of 4 : 6-dibromo-m-toluidine (10-6 g.) 
and potassium cyanate (3-3 g.), each in 30 c.c. of glacial acetic acid ; it crystallised from alcohol 
in white needles, m. p. 218° (Found: Br, 51-6. C,H,ON,Br, requires Br, 51-95%). 

The following compounds were prepared by heating urea with excess of the appropriate base 
until evolution of ammonia ceased: s.-bis-6-bromo-m-tolylurea, white needles, from alcohol, 
m. p. 276° (Found: Br, 40-6. C,;H,,ON,Br, requires Br, 40-2%) ; s.-bis-4 : 6-dibromo-m-tolyl- 
urea, white needles, from glacial acetic acid, m. p. 297° (Found: Br, 57-4. C,;H,,ON,Br, 
requires Br, 57-55%). 

6-Bromo-m-iolueneazo-B-naphthol, prepared from diazotised 6-bromo-m-toluidine (7-5 g.) and 
@-naphthol (7 g. in 30 c.c. of 2N-sodium hydroxide), crystallised from alcohol in red needles, 
m. p. 143° (Found: Br, 23-5. C,,H,,ON,Br requires Br, 23-5%). 4: 6-Dibromo-m-tolueneazo- 
B-naphthol, prepared similarly, formed bright red needles, from alcohol, m. p. 193° (Found : 
Br, 37-9. C,,H,,ON,Br, requires Br, 38-1%). 

6-Bromo-m-tolylhydrazine Hydrochloride.—6-Bromo-m-toluidine (120 g. in 1200 c.c. of con- 
ceutrated hydrochloric acid) was diazotised (45 g. of sodium nitrite in 300 c.c. of water) below 
5°, and the diazonium solution poured into 270 g. of stannous chloride in 270 c.c. of concentrated 
hydrochloric acid, cooled in ice and salt. After 12 hours the precipitate of hydrochloride was 
collected and recrystallised from dilute hydrochloric acid, separating in white needles, m. p. 
220°. 4: 6-Dibromo-m-tolylhydrazine hydrochloride, prepared similarly, formed white needles, 
m. p. 225°. 

The following compounds were prepared by shaking equivalent quantities of the hydrazine 
hydrochloride and the aldehyde with anhydrous sodium acetate and glacial acetic acid : benz- 
aldehyde-6-bromo-m-tolylhydrazone, white needles, from alcohol. m. p. 154° (Found: Br, 27:8. 
C,,4H,,N,Br requires Br, 27-7%) ; 0-nitrobenzaldehyde-6-bromo-m-tolylhydrazone, red prisms, from 
glacial acetic acid, m. p. 175-5° (Found: Br, 23-8. C,,H,,0,N,Br requires Br, 23-95%) ; 
m-nitrobenzaldehyde-6-bromo-m-tolylhydrazone, orange-yellow prisms, m. p. 148° (Found: Br, 
24-4%); p-nitrobenzaldehyde-6-bromo-m-tolylhydrazone, red prisms, m. p. 171-5° (Found: Br, 
24-1%); benzaldehyde-4 : 6-dibromo-m-tolylhydrazone, yellow needles, m. p. 109° (Found: Br, 
43-25. C,,H,,N,Br, requires Br, 43-5%); 0-nitrobenzaldehyde-4 : 6-dibromo-m-tolylhydrazone, 
orange-red needles, m. p. 180° (Found: Br, 38-9. C,,H,,O,N,Br, requires Br, 38-7%); m- 
nitrobenzaldehyde-4 : 6-dibromo-m-tolylhydrazoné, orange-yellow prisms, m. p. 204° (Found: 
Br, 38-8%); p-nitrobenzaldehyde-4 : 6-dibromo-m-tolylhydrazone, orange-red needles, m. p. 221° 
(Found : Br, 38-6%). 

a-Bromo-m-nitrébenzaldehyde-4 : 6-dibromo-m-tolylhydrazone.—5 G. of m-nitrobenzaldehyde- 
m-tolylhydrazone, suspended in 25 c.c. of glacial acetic acid, were treated with a solution of 6-3 g. 
of bromine in 10 c.c. of glacial acetic acid, added drop by drop with constant shaking. The 
green precipitate of a-bromo-m-nitrobenzaldehyde-4 : 6-dibromo-m-tolylhydrazone was washed 
with water and recrystallised from glacial acetic acid, separating in pale yellow needles, 
m. p. 191° (Found: Br, 48-6. C,,H,,O,N,Br, requires Br, 48-89%). The same compound was 
obtained by the action of bromine upon m-nitrobenzaldehyde-6-bromo-m-tolylhydrazone, and 
upon m-nitrobenzaldehyde-4 : 6-dibromo-m-tolylhydrazone. 
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The following were prepared similarly : a-bromobenzaldehyde-4 : 6-dibromo-m-tolylhydrazone, 
pale yellow needles, from alcohol, m. p. 122° (Found: Br, 53-4. C,,H,,N,Br, requires Br, 
53-7%); a-bromo-o-nitrobenzaldehyde-4 : 6-dibromo-m-tolylhydrazone, bright yellow needles, 
from glacial acetic acid, m. p. 151° (Found: Br, 49-0. C,,H,,O,N,Br, requires Br, 48-8%). 

p-Nitrobenzenyl-4 : 6-dibromo-m-tolylhydrazidine was prepared by warming 5 g. of «-bromo- 
p-nitrobenzaldehyde-4 : 6-dibromo-m-tolylhydrazone, suspended in 50 c.c. of alcohol to which 
5 c.c. of concentrated aqueous ammonia had been added. It crystallised from alcohol in brick- 
red prisms, m. p. 207° (Found: Br, 37-3. C,,H,,0,N,Br, requires Br, 37-4%). m-Nitrobenz- 
enyl-4 : 6-dibromo-m-tolylhydrazidine, prepared similarly, formed pale violet prisms, from alcohol, 
m. p. 155° (Found: Br, 37-5. C,,H,,0O,N,Br, requires Br, 37-4%). 

co 5 G. of a-bromo-o-nitrobenzaldehyde-4 : 6-dibromo-m-tolyl- 

ra Me hydrazone were warmed with just sufficient alcohol for solu- 
Yn Br tion; on cooling, 3-keto-1 : 2-endo-4’ : 6’-dibromo-m-iolylimino- 

O 1 : 2-dihydro-1 : 2-benzisodiazole 1-oxide separated in yellow 
needles, exploding at 126° (Found: Br, 38-5. C,,H,O,N,Br; 


{ 
wie 
requires Br, 38-9%). 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, August 21st, 1935.] 





386. Snitter’s Camphenilene. 
By G. GrRaTToN and J. L. SIMONSEN. 


By the dehydration of camphenilol (I) or by the removal of hydrogen chloride from cam- 
phenilyl chloride (I), Jagelki (Ber., 1899, 32, 1503) and Hintikka and Komppa (Amnalen, 
1912, 387, 292) prepared a hydrocarbon, camphenilene, to which the structure (II) was 
given. Meerwein’s suggestion (Annalen, 1914, 405, 135) that camphenilene is identical 
with santene (III) was shown to be correct by Komppa and Hintikka (Bull. Soc. chim., 
1917, 21, 14). They found, however, that the hydrocarbon was not homogeneous and 
contained probably some camphenilene, since on ozonolysis it gave, in addition to 1 : 3- 
diacetylcyclopentane, a small quantity of a ketonic aldehyde. 


H,C—CH—CMe, H,C—CH—CMe, “Tf 


en CH, i I CH, 
H,C—CH—CHR H,C—C—-CH H,C—CH—CMe 
(I, R = OH or Cl.) (II.) (III.) 

Recently Snitter (Bull. Inst. Pin., 1933, 209) has prepared this hydrocarbon, which he 
describes as a crystalline solid, m. p.26-5°, from both camphenilol and camphenilyl chloride. 
On the evidence of the Raman spectrum he concludes that it is nearly pure camphenilene 
contaminated with 2—5% of apobornylene but free from santene. Since this conclusion, 
if correct, would be of considerable theoretical importance, in that it would provide the 
first exception to the well-established Bredt rule,* we have re-examined the hydrocarbon. 

By the elimination of hydrogen chloride from camphenilyl chloride we have prepared 
a hydrocarbon which agrees closely in its physical properties with santene, Komppa and 
Hintikka’s and Snitter’s hydrocarbons : 


Santene. K. and H. s. G. and S. 
140—141°/779 mm. 138—142° 140—142° 138—141°/765 mm. 
0°863 ar 0°870 dt; 0°8699 ae. 0°862 
1:46658 mi? 1-46758 n2i° 1-4676 n20° 1-4667 


Oxidation of the hydrocarbon with ozone showed that it was, contrary to Snitter’s 
statement, far from homogeneous, but, in agreement with Komppa and Hintikka, con- 
sisted essentially of santene. The main product of the oxidation was 1 : 3-diacetylcyclo- 
pentane, and in addition to acidic products, formaldehyde, a ketone, C,H,,0, characterised 


* The very unstable ketone, carvopinone, is a possible exception to the rule. 
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by its crystalline 2 : 4-dinitrophenylhydrazone, m. p. 114—115°, and a saturated hydrocarbon, 
CyH,4, m. p. 42°, were obtained. The saturated hydrocarbon was undoubtedly apocyclene, 
the formation of which was not unexpected and does not call for comment. The isolation 
of formaldehyde and of the ketone C,H,,0 suggest the presence of (IV) in the hydrocarbon 
mixture, the ketone being methylnorcamphor (V). 


H,C—CH—CHMe H,¢—CH—CHMe 
qv) | CH, | ih | (V.) 
H,C—CH—C:CH, H,C—CH—CO 


Comparison of the 2: 4-dinitrophenylhydrazone referred to above with methylnor- 
camphor-2 : 4-dinitrophenylhydrazone, m. p. 116—117°, prepared from methylnorcamphor 
(Diels and Alder, Annalen, 1928, 460, 120; 1931, 486, 202) showed that the two hydrazones 
were not identical, but it is not improbable that the oxidation ketone was the stereo- 
isomeric form of methylnorcamphor. We obtained no evidence of the presence of the 
ketonic aldehyde mentioned by Komppa and Hintikka. The acidic products of the 
oxidation were found to be a complex mixture; the presence of isobutyric acid was estab- 
lished, but ketonic acids were almost entirely absent. The formation of tsobutyric acid 
suggests contamination with monocyclic hydrocarbons, and this would be anticipated 
if any camphenilene were formed during the dehalogenation. We suggest the possibility 
that Snitter’s hydrocarbon, m. p. 26-5°, consisted essentially of apocyclene, m. p. 42°, since 
the melting point of this hydrocarbon is much depressed by traces of impurities. In the 
present state of our knowledge it would appear to us to be dangerous to base the deter- 
mination of structure solely on the evidence of the Raman spectrum, unsupported by 
confirmation by standard chemical methods. 


EXPERIMENTAL. 


The hydrocarbon was prepared by the action of freshly distilled diethylaniline on cam- 
phenilyl chloride. A portion of the chloride, b. p. 190—194°/755 mm. (Found: Cl, 21-9. 
C,H,,Cl requires Cl, 22-3%), was not acted upon by diethylaniline; its constitution was not 
determined. Prior to oxidation the hydrocarbon was distilled over sodium. The hydrocarbon 
(4 g.) in carbon tetrachloride (15 c.c.) was treated with ozone at 0°; formaldehyde evolved with 
the issuing gases was identified by its derivative with dimedone, m. p. and mixed m. p. 186— 
187°. On completion of the oxidation the solvent was removed in a vacuum, and the ozonide 
decomposed by boiling with water. After addition of sodium carbonate the residual oil was 
extracted with ether, the ether evaporated, and the residue distilled in steam. The volatile 
portion was redissolved in ether, the solution dried and evaporated, and the residual oil fraction- 
ated through a Widmer column, three fractions being obtained: (i) b. p. 45°/20 mm., (ii) 76— 
78°/15 mm., and (iii) 127—130°/15 mm. Fraction (i), which crystallised, was redistilled over 
sodium; it then had b. p. 138°/763 mm., m. p. 42°, gave no colour with tetranitromethane, and 
was probably apocyclene (Found: C, 88-3; H, 11-5. Calc. for C,H,,: C, 88-5; H, 11-5%). 
Fraction (ii), which was insufficient in quantity for purification, gave a yellow 2 : 4-dinitro- 
phenylhydrazone; this was not homogeneous, but after repeated crystallisation from alcohol 
a hydrazone was obtained in orange needles, m. p. 114—115° (Found: C, 55-1; H, 5-4. 
C,4H,,0O,N, requires C, 55-3; H, 5-3%). On admixture with methylnorcamphor-2 : 4-diniiro- 
phenylhydrazone, orange-coloured needles, m. p. 116—117° (Found: C, 55-1; H, 5-1%), the 
m. p. was depressed to 94°. Fraction (iii) was identified as 1 : 3-diacetylcyclopentane by the 
preparation of the disemicarbazone, decomp. 216°, and by oxidation with sodium hypobromite 
to trans-cyclopentane-1 : 3-dicarboxylic acid, which was converted through the anhydride into 
the cis-acid, m. p. 120° (Semmler and Bartelt, Ber., 1908, 41, 387). 

The sodium carbonate solution from which the neutral oil had been separated was acidified 
and, after saturation of the solution with ammonium sulphate, repeatedly extracted with ether ; 
evaporation of the solvent left a viscid oil, which gave only a faint turbidity with 2 : 4-dinitro- 
phenylhydrazine. The acid was esterified with diazomethane, and the methyl ester distilled 
under diminished pressure. A small fraction, b. p. below 115°/19 mm., was hydrolysed, and 
the resulting acid converted into the p-phenylphenacyl ester. This partly solidified; the solid, 
after repeated crystallisation from alcohol, had m. p. 85°, and 85—87° in admixture with p- 
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phenylphenacy! isobutyrate. The acids present in the higher-boiling fractions could not be 
identified. 


We are indebted to the Government Grants Committee of the Royal Society and to Imperial 
Chemical Industries Ltd. for grants. 
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387. Trichlorohydroxy-aliphatic Amines. 
By F. D. CHatrAway and P. WITHERINGTON. 


BoTH yyy-trichloro-«-nitro-$-hydroxypropane and yy8-trichloro-«-nitro-B-hydroxypentane, 
which can be easily and quantitatively obtained by the condensation of nitromethane with 
chloral and butyl chloral respectively (this vol., p. 1178), are readily reduced to the corre- 
sponding amines, CCl,*>CH(OH)-CH,-NH, and CH,*CHCI-CCl,-CH(OH)-CH,NH,. These 
are stable, colourless, well-crystallised compounds. Their resolution into optically active 
modifications has not yet been effected. They yield well-crystallised salts, among which 
the hydrochlorides, the sulphates, and the oxalates are the most characteristic. The hydro- 
chlorides are easily soluble in water, the sulphates and oxalates less readily soluble, the latter 
separating as colourless crystalline precipitates when solutions of the hydrochlorides are 
added to saturated solutions of sodium sulphate and ammonium oxalate respectively. 
The bases yield well-crystallised N-acetyl and ON-diacetyl derivatives and well-crystallised 
ureas. 


yyy-Trichloro-a-amino-B-hydroxypropane Hydrochloride.—To a mixture of 208-5 g. of yyy- 
trichloro-a-nitro-8-hydroxypropane, 354 g. of tin, and 50 c.c. of water, 657 c.c. of concentrated 
hydrochloric acid were added, about 50 c.c. at a time, with vigorous shaking, the temperature 
being kept between 60° and 70°; the rate of addition was regulated so as to keep the action 
brisk but not violent. When the tin had nearly all dissolved, the whole was diluted to 2 1. and 
heated, and the tin precipitated by hydrogen sulphide. To complete the removal of the tin it 
was necessary, when stannous sulphide was no longer precipitated in the original liquid, to 
evaporate the filtrate to dryness, redissolve the residue, and again pass hydrogen sulphide. 
The filtrate was evaporated to dryness, and the somewhat dark-coloured hydrochloride washed 
with a little anhydrous alcoholic hydrogen chloride. This removed most of the colour; the 
last traces were removed by redissolving the salt and adding animal charcoal. On evaporation, 
the hydrochloride was obtained colourless and practically pure. Recrystallised from a very little 
dilute hydrochloric acid, it formed long, transparent, flattened prisms with domed ends, m. p. 
235° (decomp.) (Found: Cl as HCl, 16-7; total Cl, 66-3. C,H,ONCI,,HCl requires Cl as HCl, 
16-5; total Cl, 66-1%). 

yyy-Trichloro-x-amino-B-hydroxypropane, obtained by mixing well-cooled solutions of the 
hydrochloride and potassium hydroxide, crystallised from hot alcohol, in which it was easily 
soluble, in long, well-shaped, colourless, transparent, six-sided prisms, m. p. 123° (Found : 
Cl, 59-7. C,H,ONCI, requires Cl, 59-7%). 

The oxalate was only very slightly soluble in boiling water and separated, on cooling, in very 
small, transparent, colourless, short, six-sided prisms with domed ends, m. p. 220° (decomp.) 
(Found: N, 6-1; Cl, 47-8. 2C,H,ONCI,,H,C,O, requires N, 6-3; Cl, 47-65%). 

The sulphate separated from boiling water, in which it was sparingly soluble, in thin, colour- 
less, transparent, rhombic plates, m. p. 255° (decomp.) (Found: Cl, 47-05; S, 6-9. 
2C;H,ONC1,,H,SO, requires Cl, 46-8; S, 7-0%). 

The N-acetyl derivative, formed from equivalent amounts of acetic anhydride and the base, 
crystallised from water, in which it was somewhat sparingly soluble, in colourless, transparent, 
thombic plates, m. p. 154° (Found: Cl, 49-0. C;H,O,NCI, requires Cl, 48-3%). The ON- 
diacetyl derivative, produced when the base was heated with excess of acetic anhydride, crystal- 
lised from acetic anhydride in short colourless prisms, m. p. 99° (Found: Cl, 40-8. C,H4,0,NCl, 
requires Cl, 40-6%). 

yyy-Trichloro-B-hydroxy-n-propylurea, CCl,*CH(OH)*CH,*NH°CO-NH,, separated when a 
heated solution of 8 g. of yyy-trichloro-x-amino-f$-hydroxypropane hydrochloride and 5 g. 





1624 German, Jeffery, and Vogel: 


of potassium cyanate was cooled. It was moderately easily soluble in hot water and separated 
in colourless, transparent, four-sided, rhombic plates, m. p. 175° (Found : Cl, 48-2. C,H,O,N,Cl, 
requires Cl, 48-1%). 

yy8-Trichloro-a-amino-B-hydroxy-n-pentane Hydrochloride.—This salt and the corresponding 
base were prepared and purified similarly to the propane derivatives. 

The Aydrochloride was recrystallised from dilute hydrochloric acid. It separated from 
boiling water in colourless, transparent, thin plates, m. p. about 231° (decomp.) (Found : Clas 
HCl, 14-6; total Cl, 58-3. C;H,,ONCI1,,HCI requires Cl as HCl, 14-6; total Cl, 58-4%). 

yys-Trichloro-a-amino-B-hydroxy-n-pentane crystallised from alcohol in colourless rhombic 
plates, m. p. 141° with darkening (Found: Cl, 51-9. C;H,,ONCI, requires Cl, 51-6%). 

The oxalate was formed when equivalent amounts of the base and oxalic acid were dissolved 
in boiling water, and crystallised in colourless, transparent, irregularly formed, rhombic plates, 
m. p. 232° (decomp.) (Found: Cl, 42-5. 2C;H,,ONCI,,H,C,O, requires Cl, 42-35%). 

The sulphate crystallised from water in clusters of colourless transparent prisms, m. p. 
235—240° with blackening and decomposition (Found: Cl, 42-1; S, 6-1. 2C;H,,ONCI,,H,SO, 
requires Cl, 41-7; S, 6-3%). 

The N-acetyl derivative crystallised from water in colourless, transparent, six-sided, short 
prisms with domed ends, m. p. 109° (Found: Cl, 42-4. C,H,,0,NCl, requires Cl, 42-8%), 
and the ON-diacetyl derivative from acetic anhydride in colourless, transparent, four-sided, thin 
plates, m. p. 136° (Found : Cl, 36-4. C,H,,O,NCl, requires Cl, 36-7%). 

yys-Trichloro-B-hydroxy-n-amylurea formed beautifully shaped, colourless, transparent, 
six-sided plates, m. p. 205°, from alcohol (Found : Cl, 42-9. C,H,,O,N,Cl, requires Cl, 42-7%). 
Warmed with acetic anhydride, it yielded yy8-irichloro-B-acetoxy-n-amylacetylurea, 

CH,*CHCI°CCl1,°CH(OAc)-CH,*-NH°CO-NHAc, 
which crystallised from alcohol in slender colourless prisms, m. p. 175° (Found: Cl, 32-0. 
Ci9H,,;0,N,Cl, requires Cl, 31-9%). 
THE QUEEN’s COLLEGE, OXFORD. [Received, September 3rd, 1935.) 





388. The Dissociation Constants of Organic Acids. Part XIII. The 
Primary and Secondary Constants of Some Cyclic 1 : 1-Dicarboxylic 
Acids. 

By WIiLii1aAM L. GERMAN, GEORGE H. JEFFERY, and ARTHUR I. VOGEL. 


THE present series of investigations was started by one of us early in 1926 with the objects, 
inter alia, (i) of determining the distances between the carboxyl groups of dibasic acids from 
measurements of the primary and secondary dissociation constants by application of 
Bjerrum’s expression (Z. phystkal. Chem., 1923, 106, 219), and thus of extending Spiers and 
Thorpe’s work on the glutaric acids (J., 1925, 127, 538), and (ii) of providing accurate values 
of the “true” or thermodynamic dissociation constants. It was realised that potentio- 
metric methods alone were suitable for the determination of both dissociation constants, 
but these were not employed at the time owing to lack of reproducibility in the results and 
to the different values obtained by calculating according to Auerbach and Smolezyk (Z. 
phystkal. Chem., 1924, 110, 83) or to Britton (J., 1925, 127, 1896). No trustworthy conduc- 
tivity data were then available for comparative purposes, and most of the previous papers 
of this series are concerned with filling this gap. The first values of the thermodynamic 
primary dissociation constants of normal dibasic acids are given in Part Xi (this vol., p. 21), 
and these differ in some instances, ¢.g., for malonic and succinic acid, considerably from the 
potentiometric determinations of Britton (loc. cit.), Gane and Ingold (J., 1928, 1598; 1931, 
2156), and Ashton and Partington (Trans. Faraday Soc., 1934, 30, 598), although agreement 
with our own measurements with the hydrogen and the quinhydrone electrode is within 
2—3%. This subject will be discussed elsewhere. 

New conductivity data are now recorded for cyclo-propane-, -butane-, -pentane-, and 
-hexane-l : 1-dicarboxylic acids and their sodium salts, the latter corrected for hydrolysis 
and for the carbonic acid present in the water used; these replace the approximate figures 
given in Part II (J., 1929, 1487), which were vitiated by arithmetical errors (see this vol., 
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p- 30). The true primary dissociation constants have been calculated in every case, 
although the value for the relatively strong cyclopropane acid, which was calculated on 
assumptions valid only for weak acids, must be regarded as approximate (compare iodic 
acid; Davies, “‘ The Conductivity of Solutions,” 1933, p. 107). 

Determinations have also been made of the primary and the secondary dissociation 
constants by potentiometric titration with the quinhydrone electrode. The thermo- 
dynamic dissociation constants of these acids have been calculated for the first time (contrast 
the empirical method of Gane and Ingold, J., 1931, 2154), and the values for the primary 
constants agree within 1—2% with those deduced by conductivity, except that constant 
values for K, could not be obtained for the cyclopropane acid. 

The distances between the two carboxyl groups, 7, have been calculated by Bjerrum’s 
expression, P, — P, — log 4 = 3-1 x 10°8/r, where P, = — log K, and P, = — log K,, 
and also by Gane and Ingold’s method, which takes into account the change in properties 
of the solvent (see J., 1931, 2153, 2160, 2180). The results for 7 (in A.), as well as the values 
of the true dissociation constants (potentiometric), are given in the following table. The 
value for K, (therm.) for cyclopropane-1 : 1-dicarboxylic acid is that determined by con- 
ductivity. 

1 : 1-Dicarboxylic acid. K, (therm.) x 10%. K, (therm.) x 10°. ry (B.). y (G. and I.). 
(I) cycloPropane 150-0 0°0371 0°62 2°65 
(II) cycloButane 7:47 1°32 1-44 3°50 
(III) cycloPentane 5°89 0°83 1:38 3°45 
(IV) cycloHexane 3°54 0°78 1°51 3°54 

Points of interest are: (i) the small value of 7 for the acid (I); (ii) the different figures 
given by the two methods of calculation; (iii) the value for the cyclopentane acid is not 
greater than that for the corresponding cyclohexane acid, as would be expected on calcul- 
ation of the extracyclic angles based upon the planar nature of both rings (compare Becker 
and Thorpe, J., 1920, 117, 1579), and this may be taken as evidence for the now accepted 
multiplanar character of the cyclohexane ring. 

These results will be fully discussed when the experiments on the corresponding sub- 
stituted glutaric acids have been completed. 


EXPERIMENTAL. 


Preparation of Materials.—Acids. The details have already been described (Vogel, J., 1934, 
337; compare J., 1929, 1488). All operations were carried out in Pyrex vessels, and all solvents 
for recrystallisation were of AnalaR purity. The acids were all dried over calcium chloride in a 
vacuum desiccator for several days before use and had the following m. p.’s: (I) 136—137°, 
(II) 157°, (III) 187°, (IV) 178°. 

Sodium salts. These were prepared by adding the calculated quantity of sodium hydroxide 
solution, prepared from the AnalaR solid and standardised against AnalaR potassium hydrogen 
phthalate, to known weights of the pure acids; the solutions were evaporated to dryness on the 
water-bath, and the solids recrystallised from dilute ethyl alcohol and dried at 130°. Their 
purity was confirmed by analysis [Found, for sodium salts of (I), (II), (III), and (IV) respectively : 
Na, 26-48, 24-43, 22-74, 21-26. Calc.: 26-45, 24-46, 22-76, 21-30%]. 

General Technique and Apparatus for Conductivity Measurements.—This was identical with 
that described in Part XI (loc. cit.). The same Hartley cells were employed, and their constants 
were found to be unchanged. Kohlrausch cells were used for the higher concentrations of 
acids (III) and (IV) owing to their smaller solubility, and are indicated by the letters following 
the conductivity figures. The symbols in the following tables have the same significance as 
before. 

For the sodium salts, the application of a ‘‘ normal ”’ solvent correction yielded the following 
results for the preliminary calculation of the mobilities required for the application of the com- 
bined solvent and hydrolysis correction (Part XI, loc. cit.). 

Na salt of (I) : pp" = we + 790-4C% 84 — 211-9; Jy.,, = 56-2 
~ (II) : Uo” = Ye + 708-80 — 200-8; iy, = 50-6 
- (III) : wo" = we + 794-50 682 — 199-0; Jy. = 49-7 
- (IV) : po” = we + 527-1C0%578 — 197-4; lox. = 48°9 








1626 German, Jeffery, and Vogel : 
The mobilities of the acid ions, logy Were computed from the relation, 4,., = 0-53/,..,, 

(Part XI, loc. cit.), and were respectively 30-2, 27-0, 26-3, and 25-9. The approximate secondary 

dissociation constants, determined from the potentiometric titration curve, employed in the 

computations were : acid (I) 5-0 x 10°, (II) 1-5 x 10°, (III) 1-0 x 10°, (IV) 1:0 x 10°. 

The corrected results for the sodium salts at 25° are in Table I. 












TABLE I. 
Sodium cyclopropane-1 : l-dicarboxylate (M = 174-03). 
Ho" = pw + 385°6C%* > po” = 219°12; Ay. = 59°8; guy, = 31°9. 








C x 104, pt, obs. , COrT. je”. C x 104. pt, obs. ps, Corr. pe”. 
Run 1. Cell V. « = 0°768. 
1-295 209°75 213°23 — 37°92 191-01 190-29 219°47 
6°646 205°47 206°21 219°24 58°60 185°74 185°30 (221-00) 
11°46 202°23 202°31 219-08 73°19 182-77 182-39 — 







95°97 179°05 178-64 _— 


x = 0°774. 


218°85 
Run 2. Cell S. 


197°39 





197°84 
















3°991 207°58 208°85 — 47°98 188°17 187°65 (220-71) 

9°310 203°85 203°86 218°87 62°41 184-77 184°43 — 

16°02 199°82 199°46 219°04 77°31 181-91 181°62 — 
194°46 193°82 219°25 92°01 179°51 179°19 






Sodium cyclobutane-1 : 1-dicarboxylate (M = 188-05). 
ig” = be + 338°4C%478; yo" — 206°87; Igy, = 53°6; Iggy. = 28°4. 
Run 1. Cell S. « = 0°672. 










1-001 199°61 206°42 — 39°99 182-99 183-11 207°24 
4°998 196°59 198-14 207-10 58°77 179°37 179°43 (208-42) 
10°07 193°33 194-10 206-60 73°31 177°32 177°36 — 






93°98 175°13 175°16 


x = 0°678. 


206°55 
Run 2. Cell V. 





189-62 





189-41 













2-992 197°54 200°65 —_— 34°99 184°17 184°29 206°95 
8611 194°16 195-39 207-00 52°61 180°33 180°39 (207-93) 
15°26 191°01 191°44 206-69 72°18 177°55 177-59 — 
186-92 187°06 206°76 89°31 175°53 175°56 






Sodium cyclopentane-1 : 1-dicarboxylate (M = 202-06). 
He” = Me + 345°9C%49*; yu” = 204°27; J... = 52°4; Igny, = 27°7. 
Run 1. Cell V. « = 0°582. 













1-612 196°98 200°72 _— 40°06 181°11 181-10 204°52 
4°506 194-62 196-02 204°07 58°75 177°55 177°53 (205°77) 
10°04 191°51 192-12 204-01 71°82 175°46 175°42 — 
186°32 186°65 204°26 98°12 172-22 172-16 
















Run 2. Cell S.. « = 0°575. 
3°611 195°58 197-08 — 44°99 180°18 180°17 (204-98) 
8°607 192°63 193°17 204-23 61°97 176-98 176-96 _— 
15°62 189°17 189°48 204-28 76°49 174°88 174-84 — 






204°51 91-50 173-01 172-95 





185°34 





185°13 

Sodium cyclohexane-1 : 1-dicarboxylate (M = 216-08). 

Ho” = He + 349°5C™4; ug" = 199°91; Apy., = 50°2; Iguy. = 26°6. 
Run l. Cell V. « = 0°582. 














0604 194°89 204-80 —_ 37°46 178-00 177°99 200°35 

5°251 190°38 191°21 199°71 62°38 173°82 173°80 (202°55) 

9°502 187°81 188°34 199°74 79°75 171-67 171-63 — 
24°99 181°43 181-72 200-07 97°42 169°84 169°77 — 








Run 2. Cell S. « = 0°567. 





3°612 192-03 192-95 _— 39°84 177°56 177°55 200-58 

8-499 188-68 189°25 200-03 57°26 174°49 174°47 (202-03) 
15°51 185-01 185°16 199-66 73°11 172-53 172-49 —— 
27°12 180-79 181-08 200°18 87°68 170°81 170°74 -— 





The values at round concentrations, obtained with a flexible spline, are given in Table II 
for convenience of reference and comparison with other published data. 
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TABLE II. F 
Molecular Conductivities of Sodium Salts of 1: 1-Dicarboxylic Acids at 25°. 


cyclo- cyclo- cyclo- cyclo- cyclo- cyclo- cyclo- cyclo- 
C x10. Propane. Butane. Pentane. Hexane. Cx104. Propane. Butane. Pentane. Hexane. 

5:0 207°66 198°25 195-83 191-62 60-0 184-93 179-20, «-:177°26—:174°15 

10-0 203°38 194-40 192-25 188-03 700 182:92 177°78 175°75 172-80 

20-0 197-74 189-22 187-63 183-19 80-0 18110 =: 176-55 174-40 =: 171-62 

30-0 192-98 185-74 184-17 179°84 90-0 179-49 175°47 173718  170°62 

40-0 189-68 183-05 181:28 177°52 100-0 178°07 174-52 17208 169°78 
50°0 187°07 180°90 179°07 175-66 


The True Primary Dissociation Constanits.—These were calculated exactly as described in 
Part XI (loc. cit., p. 26); three approximations were, however, necessary for the calculation 
of the ionic concentration c’” owing to the strength of the acids (see J., 1932, 2837; this vol., 
p. 26). The data employed for the sodium hydrogen salts were : 


Propane. Butane. Pentane. Hexane. 
81:7 782 775 76°4 
78°43 77°63 77°47 77°22 


The values of K, (therm.) were not calculated for some of the results in dilute solution, for 
experience showed that they are of little value in its final evaluation (see this vol., p. 26). 
The collected results are in Table III; the symbols have their customary significance. 


TABLE III. 
Primary Dissociation Constants at 25°. 
p, Obs. K, (class.) x 10°. Ay. c’” x 104. =, (therm.) x 10?. 
cycloPropane-1 : 1-dicarboxylic Acid (M = 130°05; A, = 379°9). 
Run 1. Cell R. « = 0°684. 
367°42 0°26 378°94 0°8969 (0°28) 
359°01 0°84 378-19 4-9258 (0°88) 
352°74 1-00 377°70 77774 (1°03) 
340-06 1°31 376-07 15°5440 i 
324°95 1-41 374°59 24:0987 
313°23 1°47 373°43 31:9077 
300°52 1-52 372-09 41°8769 
280°02 1°58 370-06 60°5358 
Run 2. x = 0°672. 
361°75 0°67 378°49 3°3557 
354°98 0°94 377°88 6°6716 
346°65 1-11 377°10 10°7274 
330-03 1°33 375°12 20°4201 
318-00 1°44 373°93 28°3957 
303°61 1°52 372°47 38°8724 
281-61 1°56 370°54 55-7004 
267°07 1-60 369°24 69°6462 


p, obs. K, (class.) x 104. he c’”’ x 104. KK, (therm.) x 104. 
cycloButane-1 : 1-dicarboxylic Acid (M = 144:06; A, = 3764). 
Run 1. Cell Q. « = 0°677. 
330-42 8-828 375°39 1-2344 (8°881) 
250°41 8-479 374°83 4°2837 (8°215) 
193°52 8°236 374719 7°8299 (7°859) 
159°20 8:058 373°55 11-0764 (7-614) 
136°49 8:047 372°87 14°3127 7572 
125°18 8-080 372°41 16°3899 7553 
112°87 8-108 371-88 19°1577 7541 
98°86 8145 371:26 23-1826 7557 
Run 2. x = 0°701. 
276°42 8-756 —_ 
225°24 8°361 — — 
181°51 8-223 — _- 
153-08 8-051 373°40 118397 (7-595) 
126-93 8-076 372-49 16-0396 7°554 
114-32 8-100 371°89 18°8709 7549 
101°74 8-117 371°37 22-2782 7°527 
95°79 8°158 371-05 24°3133 7-523 
Mean 7-547 
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TABLE III (Contd.). 


Primary Dissociation Constants at 25°. 
Cc x 104. pt, obs. K, (class.) x 10. A.. ce” x 10%. = Ky, (therm.) x 104. 
cycloPentane-1 : 1-dicarboxylic Acid (M = 158-08; A, = 375°7). 
Run l. Cell R. « = 0°712. 
2°041 302°11 6°737 — 
5°644 242-46 6°625 — 


9-769 201°21 5-978 —_ — 
18°22 165°04 6°271 373°45 8-0520 
28°90 139°42 6°327 372-90 10°8538 
45°57 116-06 6°373 372°21 14-2093 
66°63] 99°68 6°384 371°36 17°8855 
89°96V 87°89 6°427 370°85 21°2254 


Run 2, « = 0°723. 

3°631 270°31 6°701 — — 

7992 220°16 6°629 —_— — 
14°61 180-07 6°446 — —_— 
24°19 149°42 6°353 373°12 9°6872 
38°34 125°11 6°374 372°48 12°8778 
58°80 105-00 6°375 371°56 16°6164 
76°74] 93°84 6°382 371°14 19-4031 
91°90V 87°15 6°439 370°81 21°5989 

Mean 


cycloHexane-1 : 1-dicarboxylic Acid (M = 172°10; A, = 374°6). 
Run l. Cell Q. «x = 0°745. 
0°985 277°12 4°176 
4°721 219°33 3°905 
7°032 170-98 3°879 
13°07 152°88 3°674 
23°44 122°33 3°721 76996 
35°61 103-39 3°747 9°8971 
54°33 86°52 3°769 12-6545 
69°24] 78°14 3°807 14°5806 
Run 2. 
2°908 252°43 4-049 
7°174 192-91 3°923 
12°50 158°49 3°879 
19°18 133°55 3°788 
32°51 107°38 3°745 372-07 7°3824 
47°81 91°33 3°758 371-62 11-7499 
73°22] 76°03 3°785 370°94 15°0076 
95°73V 67°53 3°795 370°32 17°4569 
Mean 3°543 


The values for » at round concentrations for the acids are in Table IV. 


TABLE IV. 
Molecular Conductivities of 1: 1-Dicarboxylic Acids. 


cyclo- cyclo- cyclo- cyclo- cyclo- cyclo- cyclo- cyclo- 
Cx 10%. Propane. Butane. Pentane. Hexane. Cx10*. Propane. Butane. Pentane. Hexane. 

1-0 366°71 340°12 310°42 277°00 50°0 302°40 123°50 111-50 89°30 

50 358°75 270°14 241-00 214-85 60-0 294-30 114-50 103°30 83°70 

10°0 349-80 217°80 201°30 168-80 70°0 286-80 107-20 96°70 78°50 

20°0 33470 17480 161°50 131-00 80-0 280°00 10160 91:70 74:00 

30°0 321-80 151-60 138-00 110-50 90-0 273°70 97°50 87°40 70°70 

40°0 311-30 135°30 122-20 97°80 100-0 267°50 94-00 83°50 65°50 
General Techwique and Apparatus for the Potentiometric Titrations.—Full details of these have 
already been described (German and Vogel, Part XII, this vol., p. 912). The measurements 
were carried out in an oil thermostat maintained electrically at 25° + 0-01°. Stirring was 

effected in most cases with purified nitrogen. All titrations were accurate to 0-01 c.c 

The quinhydrone electrode was used throughout. The cell employed was Hg|Hg,Cl,, KCl 
(satd.) || Solution, quinhydrone | Pt, and the liquid-junction potential was assumed to be 
negligible. Before and after each titration, the saturated calomel electrode was standardised 
against at least two independent N/10-calomel cells, for which a value of 0-3376 volt was 
assumed. The cell system was further standardised against Walpole’s standard acetate buffer. 
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Calculation of the Thermodynamic Primary and Secondary Dissociation Constants.—The values 
of K, (class.) and K, (class.) were computed by Britton’s modification (Joc. cit.) of Auerbach and 
Smolczyk’s formule (/oc. cit.). The true dissociation constants were then evaluated by correc- 
tion for ionic strength, the simple Debye—Hiickel equation for activities being used. It can be 
readily shown that, in dilute solution where the ionic strength p is small, 

PR, (therm.) = Pr, (elass.) + 0-505u9°5 
and PR, therm.) = PR, class.) + 1-515 
The values of u, the total ionic strength, were obtained as follows from the mean K, (class.) 
and K, (class.) values. The ions present in solution at any point of the titration are Na’, H’, 
HA’, and A”, and it is necessary to find the relative amounts of HA’ and A” present at any point 
(compare Michaelis—Perlzweig, ‘‘ Hydrogen Ion Concentration,’’ 1926, p. 55; Glasstone, ‘‘ The 


Electrochemistry of Solutions,’’ 1930, p. 203). 
The total acid concentration C = [H,A] + [HA’]+ [A”]. Let the fractions of HA’ and A” 


ions present be «, and a, respectively. 
[HA’} 1 
Then a= = = — ——; 
* ~~ [H,A] + [HA] + [A%] [H']/K, + 1+ K,/[H') 
and t = —— : 
*  [H/K, + 1+ (HP/KiK, 
(Glasstone’s expression, op. cit., requires correction.) If C is expressed in mols./I., then «#,C = 
[HA’] and a,C = [A”’] approximately. 
Now yu = 0-5icz* (where c and z are respectively the concentration and valency of the ions) 
= 0-5 ([Na’] + [H’] + [HA’] + [A”] x 2?) 
= 0-5 (@+h+a,C + 4a,C) 














a f 1 4 _ 
= (a +4+ C\qiK, +14 Kh) + WK, +14 wad 


where a is the concentration of sodium hydroxide added and = [H’]. 
The essential titration results are in Table V. 


TABLE V. 


Potentiometric Titration of Cyclic 1: 1-Dicarboxylic Acids with Sodium Hydroxide 
Acid. Concn. of acid, M. Concn. of NaOH, N. 


(I) cycloPropane 0°005 0°01085 
(II) cycloButane 0-010 0:00945 
(III) cycloPentane 0-005 0:00965 
(IV) cycloHexane 0°005 0°00942 


100 C.c. of acid were used in all cases. 


NaOH, (J). (II). (III). (IV). NaOH, (1). (II). 
Cc.c. Pu. Pu: Pu- pu- c.c. Pu: Pu- 
0 2°435 2°614 2°839 2°956 . 7°267 —- 
5 2°492 — 2°919 3:061 7°369 3°491 
10 2-560 2-736 3°023 3°162 ‘ 7°457 
15 2°634 — 3°122 3°267 7°541 
2-675 —- 3°208 ~-- , 7622 
2°719 2°851 3°254 3°856 7°700 
2°763 — 3°294 3°447 
2°814 — 3°362 3°504 
2°864 _ 3°426 3°568 
2-922 2°969 3-492 3°639 
2-986 --- 3°563 3°727 * 110 
3°057 3°020 3°641 3°787 120 
3°176 —- 3°729 3°870 130 
3°243 3°083 3°827 3°971 140 
— 3°937 4°066 145 
3°541 3°142 4°089 4°232 150 
4°952 3°210 4°496 4°570 155 
6°533 3°271 4:978 4°946 160 
6919 3°340 5318 5°257 165 
7°057 -= 5-419 5°382 175 
7°196 3°411 5°524 5491 
* 33-0 C.c. 
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Table VI contains typical results of the calculation of the classical and the thermodynamic 
dissociation constant for one acid (III) in detail; only the final figures for the other three acids 
are given. 

TABLE VI. 


Dissociation Constants of Cyclic 1: 1-Dicarboxylic Acids at 25° by Potentiometric Titration. 


cycloPentane-1 : 1-dicarboxylic acid. 

Pairsof Ky, Ky ty Ky Pairsof K, Ky RK, Ky 
points (class.) (class.) (therm.) (therm.) points (class.) (class.) (therm.) (therm.) 
used. x<104. x 10°. xi. xX se. used. x10. x10. . Kio. X80". 

ard | 6°25 5°92 ad 6°27 “7 5:90 

“D 8°16 70°0 1-07 ; 8°35 
5°86 orB} 6°24 ; 5°87 

67°5 1-05 ; 8°24 

40°0\ 6°24 i 5°87 

65°0 f 1:05 ‘ 8°31 

42°5\ 6:27 “{ 5°89 

62°5 1°04 : 8°25 

5°88 8°28 
K, (therm.). K, (therm.). 


cycloPropane-] : 1-dicarboxylic acid No constant value obtainable 3°71 x 10-8 
cycloButane-1 : 1-dicarboxylic acid 747 x 10% “32 x 10° 
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cycloHexane-] : 1-dicarboxylic acid 3°54 x 10-¢ 7°78 xX 10°? 
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389. Unsaturated Acids of Natural Oils. Part IV. The Highly 
Unsaturated Acid of Telfairia Occidentalis. 


By E. H. FARMER and E. S. PAIce. 


THE oil from the kernels of Telfairia occidentalis (Krobonko oil) closely resembles tung 
oil in appearance, odour, drying properties, and the fact that it throws down on keeping 
a white precipitate resembling the stearin of olive oil or the @-elzostearin of tung oil. No 
observations have been made as to the nature of the highly unsaturated acid present in 
Telfairia oil, although the literature contains reference to an acid, telfairic acid (m. p. 6°), 
which in the form of its glyceride apparently constitutes the most highly unsaturated 
component of the oil of Telfairia pedata (Thoms, Arch. Pharm., 1900, 238, 54). 

Saponification of a sample of cold-expressed Telfairia oil yielded a mixture of fatty 
acids, from which a highly unsaturated acid of m. p. 70° was readily separated by fractional 
crystallisation from light petroleum. This acid, isolated in about 10% yield, took up 
three molecular proportions of hydrogen in presence of platinum, thereby yielding pure 
stearic acid; moreover, it gave fairly good yields of azelaic, valeric, and oxalic acids on 
oxidation with dilute permanganate solution. The acid appeared therefore to possess the 
constitution of elzostearic acid, and was indeed found to be identical with authentic 
-eleostearic acid derived by irradiation and subsequent saponification of tung oil; in 
addition, the unsaturated acid from Telfairia oil yielded a maleic anhydride compound, 
m. p. 77°, identical with that obtained from authentic 8-elzostearic acid. 

Now since, so far as the authors are aware, the glyceride of B-elzostearic acid has never 
been satisfactorily shown to be an original constituent of a vegetable oil, it appeared prob- 
able that the 8-acid from Telfairia oil was of secondary formation: this seemed the more 
probable in view of the fact that the sample of oil employed in its preparation had been 
expressed some seven months previously. Fresh samples of oil were accordingly obtained 
by extracting disintegrated Telfairia kernels with light petroleum: these yielded no 
8-elzostearic acid whatever when saponification was carried out immediately, but gave 
after exposure to dim diffused light for some weeks very small yields, and after exposure 
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to ultra-violet radiation for some hours larger yields, of the f-acid on saponification ; 
moreover, fractional crystallisation of the acids derived by saponification of the fresh 
samples yielded pure «-eleostearic acid, m. p. 48°. The identity of the latter was con- 
firmed by comparison with the authentic «-acid and by formation of its compound with 
maleic anhydride. The solid material thrown down by Telfairia oil on keeping was shown 
to be 6-elzostearin. 

The telfairic acid of the literature appears from the recorded observations to be a 
diene acid isomeric with linoleic acid: apparently, then, it is a substance quite distinct 
from the highly unsaturated acid from T. occidentalis. It is of interest, however, that, 
since the glyceride of «-elzostearic acid is clearly a component of T. occidentalis oil, as it is 
of Parinarium macrophyllum (Brown and Farmer, this vol., p. 761) and China wood oils, 
the glyceride can constitute (although not uniquely so) the triene component of the kernel 
oils of members of the Euphorbiaceae, Rosace@, and Cucurbitacee groups. 


EXPERIMENTAL. 


The Highly Unsaturated Acid from Telfairia Oil.—The oil (50 g.) first employed was initially 
a pale yellow liquid of iodine value 123-7, resembling tung oil, which had been kept for some 
months after expression from the kernels at room temperature. During this period a white 
precipitate resembling the “‘ stearin”’ of olive oil had separated, and this was removed by 
filtration as a preliminary to the saponification of the oil (50 g.) by heating with excess of 
aqueous-alcoholic potash. The alkaline saponification product yielded on acidification with 
dilute sulphuric acid an oil: this was taken up in ether, washed, dried, and freed from solvent. 
The product set to a pasty mass, which on dissolution in light petroleum (b. p. 690—80°) deposited 
crystals (about 4 g.) of a highly unsaturated acid. These crystals after two recrystallisations 
from light petroleum formed colourless plates, m. p. 70°, which gradually became sticky and 
lost their crystalline form on exposure to the air (Found : C, 77-1; H, 10-7. Calc. for Cy gH 9, : 
C, 77-6; H, 10-87%). : 

Hydrogenation. When hydrogenated in alcohol at room temperature and atmospheric 
pressure (platinum catalyst), the unsaturated acid took up 3 mols. of hydrogen (Found: 3-06, 
3-02 mols.) to yield a saturated acid, m. p. 69°. This, after recrystallisation from alcohol, 
melted at 70° and was identified as stearic acid (mixed m. p. 70°; methyl ester, m. p. 38°, mixed 
m. p. 38°. Found: C, 76-0; H, 12-5. Calc. for C,,H,;,0,: C, 76-0; H, 12-75%). 

Oxidation. 2 G. of the unsaturated acid were oxidised with 3% permanganate solution, 
first at 0° and later at room temperature in an atmosphere of nitrogen (12 atoms of oxygen). 
The filtered oxidation liquor, together with aqueous extracts of the manganese mud, was con- 
centrated to about $1., acidified with hydrochloric acid, and distilled until only 50 c.c. of liquid 
remained, the distillate dropping into a solution of caustic potash. A further 150 c.c. of water 
were added to the liquid in the distillation vessel and distillation was continued until a further 
150 c.c. of distillate had passed over into the caustic potash solution. The alkaline distillate 
was concentrated on a water-bath to 50 c.c., acidified, and extracted four times with ether. 
The dried extract yielded valeric acid, b. p. 85°/8 mm. [p-bromophenacy] ester, m. p. 72—73° 
(62° when freshly prepared *), not depressed by authentic p-bromophenacyl valerate, m. p. 
72°]. On cooling, the liquid in the distillation flask deposited crystals of azelaic acid, m. p. 
and mixed m. p. 106°, in good yield (Found : C, 57-5; H, 8-5; equiv., 94-7. Calc. for CgH,,O, : 
C, 57-45; H, 8-5%; equiv., 94-0). The aqueous liquor from which the azelaic acid had been 
removed contained oxalic acid, isolated as calcium oxalate. 

Addition product with maleic anhydride. The pure unsaturated acid, m. p. 69°, and maleic 
anhydride, in equivalent proportion, were heated at about 70° in nitrogen for 14 hours. The 
solid product was extracted with light petroleum, and the extracted derivative twice recrystal- 
lised from this solvent. The resulting crystals had m. p. 77-5°, alone or mixed with the authentic 
addition compound (m. p. 77-5°) prepared from authentic §-elzostearic acid (Found: C, 70-1; 
H, 8-45. Calc. for C,,H;,0,;: C, 70-15; H, 855%). 

The Highly Unsaturated Acid from Freshly Extracted Telfairia Oi/.—The clear, pale yellow 
oil extracted with ether from 200 g. of freshly disintegrated kernels yielded on saponification 
with aqueous-alcoholic potash 89 g. of pasty fatty acids. From this product, by dissolution in 
light petroleum (b. p. 40—60°) and subsequent cooling in ice, a crystalline precipitate (m. p. 
50—60°) consisting of both saturated and unsaturated acids was obtained; from this mixture, 
by dissolution in light petroleum (b. p. 40—42°) and subsequent cooling in tap-water, the bulk 


* Cf. this vol., p. 762, footnote. 
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of the saturated component, m. p. 67—70° (identified as stearic acid and isolated in about 10% 
yield), was removed. By concentration of the mother-liquor and fractional crystallisation 
from light petroleum (b. p. 40—42°), an unsaturated acid, m. p. 48°, was isolated. This acid 
gave no depression of m. p. when mixed with authentic «-elzostearic acid; also its addition 
compound with maleic anhydride (obtained as described above) melted at 64°, alone and when 
mixed with the authentic maleic anhydride derivative from «-elzostearic acid. Estimated 
yield, 4—5%. 

No 6-elzostearic acid could be isolated from the saponification product of the freshly 
extracted oil, but since specimens of the freshly extracted oil which had been irradiated for 12 
hours in presence of sulphur (1%) gave then only the B-acid on saponification, there can be 
little doubt that the 8-form of the acid originally isolated was of secondary origin. 


The authors thank the Government Grants Committee of the Royal Society for a grant to 
one of them (E. H. F.). 
IMPERIAL COLLEGE, LonpDon, S.W. 7. (Received, October 15th, 1935.] 
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a- and B-Licanic Acids. 
By W. B. Brown and E. H. FARMER. 


FRoM commercial samples of oiticica fat and from the kernel fat of Licania rigida the authors 
previously isolated the conjugated triene acid, licanic acid, 
CH,"[CH,},"[CH:CH],[CH,],°CO-[CH,],°CO,H ; 

also from some commercial samples (presumably heat-treated) of oiticica oil they isolated 
an isomeride, doubtless a geometrical isomeride, of licanic acid (Biochem. J., 1935, 29, 
631). These two isomerides, which afford for the first time direct indication of the occur- 
rence of biological oxidation at the y-position of fatty acid chains, seem to correspond 
exactly to the «- and the 6-form of elzostearic acid and to the individuals of other well- 
known geometrically-isomeric polyene pairs, such as those of crocetin and bixin. It might 
be expected, therefore, that one form of licanic acid would be directly and readily con- 
vertible into the other (presumably by configurational change about one or more than one 
double bond) and that each of the isomerides would be capable of yielding its own 
characteristic semicarbazone. 

Experiment shows that commercial oiticica fat and the kernel oil of Licania rigida, 
both of which normally yield «-licanic acid on saponification, give after irradiation in the 
presence of a trace of iodine or of sulphur an isomeric acid identical with that formerly 
isolated from liquid (isomerised) oiticica oil. The highest melting point previously 
obtained for the isomeric acid, 97-5°, is now raised by 3°. Although formerly no ketonic 
derivatives were obtained from licanic acid and its isomeride, it is now found that each 
form of the acid can with care be converted into a crystalline semicarbazone, but the 
semicarbazone of the labile («-)acid is readily transformed by boiling alcohol into a 
substance, m. p. 127°, the nature of which has not been determined. 


s Be Semicarbazone, m. p. 
Licanic acid (a-) 110—111° 
isoLicanic acid (B-) . 138 (slow heating) 
The saturated acids which accompany licanic acid in the mixed glycerides of oiticica 
or Licania oil are stearic and palmitic acid. 


EXPERIMENTAL. 


Isomerisation of Licanic Acid Glycerides—Commercial oiticica fat was irradiated in a flat 
quartz flask by means of a mercury vapour lamp. To facilitate isomerisation of the licanic 
glycerides, traces of (a) iodine and (b) sulphur were, in separate experiments, added to the fat 
initially (compare Thomas and Thompson, J. Amer. Chem. Soc., 1934, 56, 898). The greenish- 
yellow fat melted in the heat emitted by the lamp, but after a few hours solid glycerides began 
to separate and in about 8 hours a clear yellow solid fat of higher melting point (60—70°) than 
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the original fat had been produced. Iodine was the more satisfactory catalyst for preparative 
purposes in that by its use a cleaner and more easily purified product was obtained. 

The irradiated fat yielded on saponification with alcoholic potash in the usual way (Brown 
and Farmer, Joc. cit., p. 634) a mixture of fatty acids, from which, by dissolution in ether and 
cooling, an acid of m. p. 95-5° separated in 20% yield. This acid was found on direct comparison 
to be identical with the already known isolicanic acid, and the discrepancy between its yield in 
the present experiment and that of licanic acid as previously obtained from fresh oiticica fat 
(33—35%) was due rather to the use of ether in place of light petroleum as solvent on this 
occasion (isolicanic acid separates from ether in a very pure form, but only incompletely) than 
to incompleteness of isomerisation. 

The same isolicanic acid, m. p. 99-5°, was also obtained from the oil extracted from Licania 
vigida kernels by irradiation in presence of iodine, followed by saponification. 

Semicarbazones of Licanic and isoLicanic Acids.—The semicarbazone of isolicanic acid was 
obtained almost free from unchanged isolicanic acid by heating a mixture of the acid and a 
solution of semicarbazide hydrochloride in aqueous sodium acetate for a few minutes. It crystal- 
lised from rectified spirit in colourless prisms, melting at 138° on slow heating or 142° on rapid 
heating (Found: C, 65-0; H, 9-1. C,,H3;,O,N, requires C, 65-2; H, 9-0%). 

The semicarbazone of licanic acid was obtained with some difficulty in a similar way, but with 
a shorter period of heating. Recrystallisation of the crude compound only once from rectified 
spirit was advisable, since transformation of the semicarbazone into a product of m. p. 127° 
occurred on boiling it even for a short time with alcohol. It formed colourless prisms, m. p. 
110—111° (Found: C, 64-9; H, 8-7%). 

Methyl Licanate.—This ester was obtained as an oxidisable, pale yellow, mobile oil, resembling 
methyl «-elzostearate in odour, by gently refluxing a solution of licanic acid in 2% methyl- 
alcoholic hydrogen chloride for 2 hours (Found: C, 73-3; H, 9-8. Cj, 9H ;,O, requires C, 74-45; 
H, 9-8%). 

Saturated Acids present in Oiticica O1l.—50 G. of commercial liquid (polymerised) oiticica 
oil were saponified and the mixture of free fatty acids thereby obtained was thoroughly extracted 
with light petroleum (b. p. 40—60°) in order to dissolve all non-polymerised material. The 
acid mixture isolated from the petroleum extract was esterified with methyl-alcoholic hydrogen 
chloride, and the oily product distilled at greatly reduced pressure. The distillate solidified 
partly on cooling and the solid portion, after separation by filtration and recrystallisation from 
alcohol, formed colourless prisms, m. p. 38°, which were recognised as methyl] stearate (mixed 
m. p. 38°): these gave stearic acid (m. p. 70°; mixed m. p. 70°) on hydrolysis. The yield of 
methyl] stearate (0-75 g.) indicated that stearic acid constituted at least 1-4% of the total fatty 
acids of natural licania fat. 

By fractional distillation of the mixed methy] esters derived from 1000 g. of ‘‘ polymerised ”’ 
oiticica oil,* a small fraction, b. p. 195°/0-2 mm., was isolated which yielded palmitic acid, 
m. p. 63°, on hydrolysis (Found: C, 74-5; H, 12-4. Calc. for C,,H,;,0,: C, 75-0; H, 
12-5%). Considerably less than a 1% yield of palmitic acid was actually isolated, but the separ- 
ation was probably far from quantitative. 


The authors thank the Government Grants Committee of the Royal Society for a grant to 
one of them (E. H. F.). 


IMPERIAL COLLEGE, Lonpon, S.W. 7. [Received, October 15th, 1935.] 
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By A. CoHEN, J. W. Cook, and C. L. HEweETT. 


A SERIOUS obstacle to the successful use of derivatives of 1-keto-1 : 2 : 3 : 4-tetrahydro- 
phenanthrene for the synthesis of equilenin, an cestrogenic hormone excreted by pregnant 
mares, lies in the great tendency for the intermediate dihydrophenanthrene derivatives to 
become fully aromatic (compare Cook and Hewett, J., 1933, 1105). This is further illus- 
trated by experiments now reported (but completed in 1933) with 2-methyl-1-allyl-3 : 4- 

* “ Polymerised ” oiticica oil was employed in order to avoid the troublesome separation of licanic 
acid from solid saturated fatty acids, 
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dihydrophenanthrene (I), obtained from allylmagnesium bromide and 1-keto-2-methyl- 
1: 2:3: 4-tetrahydrophenanthrene. This unsaturated hydrocarbon was unaffected by 
boiling formic acid, but with hydrogen chloride in acetic acid underwent rearrangement 
to 2-methyl-1-n-propylphenanthrene, and not the desired cyclisation to a tetracyclic singly- 
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unsaturated hydrocarbon which might have been transformed into deoxyequilenin through 
an intermediate oxide. The same migration of hydrogen from the nucleus to the side chain 
took place when the allyl compound (I) was heated with selenium. 

On the hypothesis that a six-membered ring might be formed more readily than a five- 
membered ring by cyclisation of an unsaturated side chain, the behaviour of 2-methyl- 
1-A’-butenyl-3 : 4-dihydrophenanthrene (I1) was then examined. This likewise was resistant 
to the cyclising action of formic acid, but was converted by sulphuric acid in acetic acid into 
an isomeride (III?), which gave chrysene in moderately good yield when dehydrogenated 
with selenium. The drastic conditions necessary for cyclisation of (II) may have caused 
migration of the double bond away from the position (formula III) necessary for degradation 
to deoxyequilenin, and attempts to isolate a homogeneous product from the cyclised hydro- 
carbon were hampered by its failure to yield crystalline derivatives. Subsequent to the 
completion of these experiments (mentioned at a discussion meeting of the Chemical Society 
on March 2Ist; see Chem. and Ind., 1935, 54, 315) the dehydration of 1-methyl-2-A’- 
butenyleyclohexanol to a dicyclic hydrocarbon which appeared to have the cts-configuration 
was reported by Linstead (Chem. and Ind., loc. cit.).* As we were mainly interested in 
methods which would lead to trans-linkages between rings C and D (formula III), our 
investigation of the cyclisation product of (II) has not been pursued. 

A survey of the synthetic cestrogenic compounds (Cook, Dodds, Hewett, and Lawson, 
Proc. Roy. Soc., 1934, B, 114, 272) suggests that a high order of cestrogenic activity requires 
the presence of two polar groups on opposite sides of a suitable hydroaromatic condensed 
ring system, and the synthesis of a variety of such compounds is being undertaken. It is 
known that partial dehydrogenation of dodecahydrochrysene (V) gives s-octahydrochrysene 
(VI) (v. Braun and Irmisch, Ber., 1932, 65, 883), and it seems likely that (VI) could be 
oxidised to a diketone which would be worthy of examination for cestrogenic properties. 
In an attempt to render dodecahydrochrysene more accessible for this purpose, $-5-tetralyl- 
ethylmagnesium chloride was condensed with cyclohexanone, and the resulting carbinol 
dehydrated to 1-(8-5’-tetralylethyl)-A!-cyclohexene (IV), which was then cyclised with 


aluminium chloride at 0°. 
—_—_> ci 
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* Our projected study of the hydrocarbons resulting from the dehydration of the readily accessible 
2-methyl-1-AY-butenylcyc/johexanol was forsaken when Dr. Linstead privately informed one of us, on 
the occasion of this meeting, that he had already examined this case. 
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This led to a mixture of saturated hydrocarbons which, on complete dehydrogenation 
with selenium or platinum-black, gave chrysene and a hydrocarbon, C,gHg. The latter, 
in the light of a previous investigation (Cook and Hewett, J., 1934, 365), is undoubtedly the 
spiran (VIII), formed by dehydrogenation of the primary cyclisation product (VII). The 
amount of chrysene obtained showed that not more than 10%, of the original hydrocarbon 
mixture consisted of dodecahydrochrysene (V), and although octahydrochrysene (VI) 
was isolated after partial dehydrogenation, the small yield precluded the use of the method 
for preparative purposes. 

The high proportion of spirocyclic hydrocarbon present in the cyclisation mixture is 
remarkable in view of the fact that cyclisation under the same conditions of $-phenyl- 
ethyl-A1-cyclohexene gives mainly as-octahydrophenanthrene (Cook and Hewett, J., 1933, 
1106; Cook and Haslewood, this vol., p. 767). The unexpected influence of the additional 
ring present in (IV) is a further example of the sensitivity of the course of the cyclisation 
process to comparatively slight modifications of molecular structure (compare J., 1934, 
653, 1727 ; this vol., p. 667). 


EXPERIMENTAL. 


Dihydrophenanthrene Derivatives. 


1-Keto-2-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene.—Haworth’s method (J., 1932, 1125) 
was found inconvenient for the preparation of large amounts of this ketone, and the following 
procedure was adopted: The potassio-compound from ethyl methylmalonate (100 g.) and 
powdered potassium (19 g.) in toluene (200 c.c.) was heated with $-l-naphthylethyl bromide 
(85 g.) at 130° for 30 hours. The resulting ester (58 g.), isolated in the usual way, had b. p. 
196—197°/1-5 mm., and was hydrolysed by alcoholic potash to the malonic acid, which was 
decarboxylated by heating at 200°. The resulting y-l-naphthyl-«-methylbutyric acid (38 g. ; 
b. p. 210°/6 mm.) was dehydrated to 1-keto-2-methyl-1 : 2: 3 : 4-tetrahydrophenanthrene 
(29 g.) as described by Haworth. 

2-Methyl-\-allyl-3 : 4-dihydrophenanthrene.—A mixture of allyl bromide (9-6 g.), magnesium 
turnings (2 g.), 1-keto-2-methyl-1 : 2: 3: 4-tetrahydrophenanthrene (8 g.), ether (20 c.c.), 
and anisole (25 c.c.) was boiled for 3 hours, and then decomposed with ice and ammonium chlor- 
ide. The ethereal extract was washed and dried (sodium sulphate) and the ether and the anisole 
were removed. The residual oil (10 g.) would not crystallise, and was boiled for 4 hour with 
98% formic acid (20 c.c.). After removal of the formic acid the product was twice distilled in a 
vacuum. The hydrocarbon (I), b. p. 177—179°/0-6 mm. (2-7 g.), was characterised as its 
picrate, which crystallised from methy] alcohol in small crimson needles, m. p. 75—76° (Found : 
C, 62-2; H, 4:75. C,H ,s,CsH,O,N, requires C, 62-2; H, 46%). The liquid hydrocarbon 
regenerated from this pure picrate had an iodine value of 192 when titrated with the Rosenmund-— 
Kuhnhenn reagent (calc. for 2 double bonds, 184). The position (formula I) assigned to the 
new double bond introduced by dehydration of the carbinol is based partly on analogy, and 
partly on the fact that the unsaturated hydrocarbon did not react with maleic anhydride in 
boiling xylene. 

2-Methyl-\-n-propylphenanthrene.—(a) A solution of the diene (I) in glacial acetic acid satur- 
ated with hydrogen chloride was heated for an hour at 100°. The product gave a picrate which 
crystallised from alcohol in yellow needles, m. p. 121-5—122° (Found: C, 62-9; H, 4-5. 
CigH,g,CgH,O,N, requires C, 62-2; H, 46%). 2-Methyl-1-n-propylphenanthrene, obtained 
from this picrate by washing an ethereal solution with dilute aqueous sodium carbonate, crys- 
tallised from light petroleum in colourless needles, m. p. 65°, and was saturated (Found: C, 
92-15; H, 7-9. Cy gH 4, requires C, 92-25; H,7-75%). Thes-trinitrobenzene complex crystallised 
from alcohol in pale yellow needles, m. p. 131° (Found: C, 64-45; H, 4:7. CygH ,,CsH,;O,N; 
requires C, 64-4; H, 4:7%). (b) The diene (I) was heated with an equal weight of selenium at 
320° for 15 hours. The crystalline hydrocarbon thus formed was identical with that prepared 
as described under (a), identification being completed by comparison of the picrates and s-tri- 
nitrobenzene complexes. 

2-Methyl-1-A”-butenyl-3 : 4-dihydrophenanthrene.—A cold Grignard solution prepared from 
A”’-butenyl bromide (14 g.; Juvala, Ber., 1930, 63, 1989; Linstead and Rydon, J., 1934, 1998), 
magnesium turnings (5 g. = 2 atoms), and anhydrous ether (20 c.c.) was decanted from the 
excess of magnesium and slowly treated with a solution of 1-keto-2-methyl-1 : 2: 3 : 4-tetra- 
hydrophenanthrene (15 g.) in ether (60.c.c.). The mixture was kept for an hour at room temper- 
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ature and then boiled for 14 hours. After decomposition with ice and ammonium chloride, the 
ethereal solution was dried, and the solvent removed. The crude resinous carbinol (17-4 g.) 
was dehydrated by boiling for } hour with 98% formic acid (35c.c.). Vacuum distillation of the 
product gave 8-1 g., b. p. 140—150°/0-1—0-2 mm., and 4-2 g. of a higher fraction, b. p. 155— 
160°/0-3 mm. The higher fraction was mainly the desired diene (II) (iodine value, 192; calc. 
for two double bonds, 205), and was characterised by its picrate, which crystallised from alcohol, 
containing a little picric acid, in dark red needles, m. p. 77—78° (Found: C, 62-6; H, 4-8. 
C 19H g9,CgH,O,N; requires C, 62-85; H, 4:9%). 

In larger scale preparations of the butenyl compound (II) difficulties were experienced in 
isolating a homogeneous product, repeated crystallisation of the picrates failing to give a sub- 
stance of the correct m. p. This was shown to be due to contamination with 2-methyl-3 : 4- 
dihydrophenanthrene arising from dehydration of a carbinol formed by the reducing action of 
the Grignard reagent on the original ketone. For, after cyclisation (see below) and dehydrogen- 
ation, 2-methylphenanthrene was isolated from the lower-boiling fractions, and was identified 
by its m. p. (55—56°) and that of its picrate (118°) (Haworth, Joc. cit., gives 55—56° and 118— 
119°, respectively). This 2-methylphenanthrene was further characterised by its s-trinitro- 
benzene complex, which crystallised from alcohol in large, flat, yellow needles, m. p. 155—157° 
(Found : C, 62-3; H, 3-8. C,;H,.,C,.H,;O,N, requires C, 62-2; H, 3-7%). 

Cyclisation of 2-Methyl-1-A”-butenyl-3 : 4-dihydrophenanthrene (I1).—A solution of the diene 
(II) (1 g.) in glacial acetic acid (10 c.c.) and concentrated sulphuric acid (0-5 c.c.) was heated at 
100° for 2} hours (no reaction took place during 20 hours at room temperature). After dilution 
with water, the product was extracted with ether, washed with dilute sodium carbonate solution, 
and distilled in a vacuum. About half of the original diene was recovered. A higher-boiling 
fraction (0-15 g.), b. p. 180°/0-05 mm., gave no picrate, and was shown to consist mainly of 
methylhexahydrochrysene (compare III) by selenium dehydrogenation to chrysene in 40%, 
yield (16 hours at 310°). The chrysene, m. p. 246—247°, was identified by direct comparison 
with an authentic specimen, and by conversion into its 2: 7-dinitroanthraquinone complex, 
m. p. 295°. 

Attempts to oxidise the hexahydrochrysene derivative obtained in larger-scale experiments 
gave no crystalline acid, possibly on account of the presence of appreciable amounts of 2-methyl- 
3 : 4-dihydrophenanthrene (see above). 


1-(8-5’-Tetralylethyl)-A'-cyclohexene and its Cyclisation Products. 


1-(8-5’-Tetralylethyl)cyclohexanol.—To an ice-cold Grignard solution prepared from B-5- 
tetralylethyl chloride (J., 1934, 1736) (22 g.), magnesium turnings (2-7 g.), and anhydrous ether 
(100 c.c.) was slowly added cyclohexanone (10 g.), diluted with ether (10 c.c.). After being 
kept at room temperature for 2 hours, the product was decomposed with ice and ammonium 
chloride, and the ethereal solution washed, dried, and distilled. The carbinol fraction (17 g.) 
had b. p. 175—180°/0-4 mm., and gave a 3 : 5-dinitrobenzoate, which crystallised from alcohol in 
small yellowish needles, m. p. 124—125° (Found: C, 66-5; H, 6-5. C,;H,sO,N, requires C, 
66-3; H, 6-2%). 

1-(8-5’-T etralylethyl)-A'-cyclohexene (IV).—The aforesaid carbinol (15 g.) was heated for an 
hour at 160—170° with potassium hydrogen sulphate (25 g.). The unsaturated hydrocarbon 
(IV) (12-5 g.) was redistilled over sodium, forming a colourless viscous liquid, b. p. 140—150°/0-05 
mm. (Found : C, 89-3; H, 10-05. C,,H,srequires C, 89-9; H, 10-1%). 

Cyclisation. Finely powdered anhydrous aluminium chloride (12 g.) was added to an ice- 
cold solution of 1-(§-5’-tetralylethyl)-A'-cyclohexene (11-5 g.) in carbon disulphide (110 c.c.). 
After being kept at 0° for 7} hours with occasional shaking, the red solution was decanted from 
the aluminium chloride sludge, shaken with dilute hydrochloric acid, and distilled at 0-1 mm. 
Two fractions were collected : I, b. p. 123—130° (1-3 g.), and II, b. p. 130—140° (6-6 g.) (Found : 
C, 89-5; H, 10-1%). Both fractions were completely saturated, colourless syrups. 

s-Octahydrochrysene (V1).—Fraction II of the mixture of cyclised hydrocarbons (5-5 g.) 
was heated with selenium (3 g.) at 300—310° for 14 hours. The alcoholic extract of the product 
was treated with picric acid (5 g.), and the resulting red needles were recrystallised from alcohol. 
This picrate (0-3 g.) was decomposed with ammonia, and gave s-octahydrochrysene, m. p. 136— 
138°, the picrate of which formed characteristic scarlet needles, m. p. 139—140° (v. Braun and 
Irmisch, Joc. cit., give 1838—140°, and 136—139°, as the m. p.’s of this hydrocarbon and its 
picrate). Dehydrogenation of the pure hydrocarbon with platinum-black at 300° gave chrysene. 
4 : 5-Benzhydrindene-1-spirocyclohexane (VIII).—The liquid hydrocarbon mixture (4 g.) 
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recovered from the liquors after isolation of s-octahydrochrysene was heated with platinum- 
black at 300—320° for 3 hours. The product was extracted with cyclohexane, and the chrysene 
(0-3 g.) collected and identified in the usual manner. The liquors were evaporated, and the 
residual syrup was treated with picric acid (4g.) inalcohol. After recrystallisation from alcohol 
the picrate (4-2 g.) formed orange needles of constant m. p. 125—126° (Found : C, 62-2; H, 5-2. 
C,gH,Cs,H,O,N, requires C, 61-9; H, 5-0%). The hydrocarbon regenerated from this picrate 
was distilled over sodium, and had b. p. 140°/0-1 mm. 4 : 5-Benzhydrindene-1-spirocyclohexane 
(VIII) crystallised on standing, and separated from alcohol in colourless sparkling crystals, 
m. p. 56—57° (Found : C, 91-2; H, 8-7. Cy gHyo requires C, 91-5; H, 8-5%). 

Complete dehydrogenation of fraction I (1-2 g.) of the cyclised hydrocarbons (see above) 
with platinum-black gave 50 mg. of chrysene, the picrate of the spiran (VIII) being isolated from 
the liquors. Complete dehydrogenation of fraction II (0-6 g.) with selenium at 300—320° 
gave 50 mg. of chrysene, in addition to the spiran. 


We are much indebted to the Medical Research Council for a grant to one of us (A. C.). 


THE RESEARCH INSTITUTE OF THE CANCER HOSPITAL (FREE), 
Lonpon, S.W. 3. [Received, October 19th, 1935.] 





392. The Synthesis of Polyterpenoid Compounds. Part II. 
By J. W. Cook and C. A. LAWRENCE. 


THE type of method outlined in Part I (Cook and Dansi, this vol., p. 500) for the synthesis 
of completely hydrogenated polycyclic systems has been supplemented by an alternative 
method, illustrated by the example now described, which should prove extremely useful 
as a basis for the synthesis of substances closely related to the dicyclic sesquiterpenes, of 
perhydrophenanthrene derivatives, and ultimately, of sterol-like compounds. We are 
investigating the extent to which the new method is of general application, and we propose 
to develop it in the manner indicated. 
co The chloride of +y-A!-cyclohexenylbutyric acid (lI), 
obtained by condensation of §-A1-cyclohexenylethyl 
bromide with ethyl potassiomalonate, with subsequent 
hydrolysis and decarboxylation, was cyclised by stannic 
chloride to A%*!«-octalone (II), the properties of which 
(II.) were in good agreement with those cited by Hiickel and 
Naab (Amnalen, 1933, 502, 153) for this ketone, which 
these authors isolated from the products of chromic acid oxidation of A%*1°-octalin. 

Many examples of condensations between acid chlorides and cycloolefins have been 
recorded since the reaction was introduced by Darzens (Compt. rend., 1910, 150, 707), 
but we believe that the reaction has not hitherto been used for ring formation. The recent 
failures of Bradfield, Jones, and Simonsen (J., 1934, 1810) and Barrett, Cook, and Linstead 
(this vol., p. 1067) to obtain dicyclic ketones by cyclisation of a carboxylated side chain on 
to a saturated ring are not surprising. 


EXPERIMENTAL. 


B-(A!-cycloHexenyl)ethylmalonic Acid.—In the preparation of $-A!-cyclohexenylethyl brom- 
ide (Cook and Dansi, Joc. cit.) better results were obtained by dehydrating the intermediate 
ethyl cyclohexanol-1-acetate with thionyl chloride in pyridine (compare Linstead and Meade, J., 
1934, 942): Thionyl chloride (60 c.c.) was added during 2 hours, with mechanical stirring, to 
an ice-cold mixture of ethyl cyclohexanol-1l-acetate (150 g.), pure pyridine (165 g.), and anhydrous 
ether (340c.c.). Stirring and cooling were continued for another 2 hours, and the ethyl A!-cyclo- 
hexenylacetate (122 g.; 90% yield) was isolated in the usual way. 

B-A'-cycloHexenylethyl bromide (30 g.), diluted with benzene (60 c.c.), was added to ethyl 
potassiomalonate prepared from ethyl malonate (48 g.), powdered potassium (7 g.), and benzene 
(160 c.c.). The whole was heated on the water-bath for 120 hours, and the substituted malonic 
ester (b. p. 148°/1—1-5 mm.; 24-9 g.; 58% yield) isolated in the normal manner. The yield 
was only 31% when heating was restricted to 20 hours. This ester was hydrolysed by boiling 
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alcoholic potash in 2 hours; the crude malonic acid was then obtained as a brown oil which 
partly solidified when kept in the ice-chest. After being drained on a tile, and recrystallised 
from cyclohexane, B-(A'-cyclohexenylethyl)malonic acid formed a colourless crystalline powder, 
m. p. 123—124° (Found: C, 62-4; H, 7-8. C,,H,,O, requires C, 62-3; H, 7-6%). 

y-Al-cycloHexenylbutyric Acid (1).—This was obtained in 65% yield when the crude malonic 
acid was heated at 180° for } hour, and distilled in a vacuum. +y-A!-cycloHexenylbutyric acid 
formed a colourless liquid, b. p. 122—125°/0-8 mm., which became yellow on standing (Found : 
C, 70-7; H, 10-1. C,)H,O, requires C, 71-4; H, 9-6%). Its p-phenylphenacyl ester formed 
small colourless needles, m. p. 79-5—81° (Found: C, 78-8; H, 7-9. C,,H,,O, requires C, 79-5; 
H, 7-25%). 

A®:10.~-Octalone (II).—Thiony] chloride (4 g.) was slowly added to an ice-cold mixture of the 
butyric acid (I) (5-6 g.), pyridine (2-7 g.), and dry ether (30 c.c.) (compare Carré and Liebermann, 
Compt. rend., 1934, 199, 1423). A little ethereal hydrogen chloride was then added to complete 
the precipitation of the pyridine as hydrochloride, and the liquid was filtered. After removal 
of the solvent, the residual acid chloride was heated briefly at 100° under reduced pressure, and 
then mixed with carbon disulphide (10 c.c.) and added gradually to a mixture of anhydrous 
stannic chloride (8-5 g.) and carbon disulphide (20 c.c.), the temperature being maintained at 
— 7° to — 10°. The whole was kept in the freezing mixture for an hour, then at room temper- 
ature for 3 hours, and decomposed with ice. The carbon disulphide solution having been dried, 
dimethylaniline (4-2 g.) was added, the solvent removed, and the residue heated at 180—190° 
for 3hours. The product was extracted with ether and dilute hydrochloric acid, and the ketone 
isolated by distillation (yield, 2-6 g.), b. p. about 140°/9 mm. That elimination of hydrogen 
chloride from the intermediate chloro-ketone had given the «$-unsaturated ketone (II), and not 
one of the two alternative ketones, was shown by the optical exaltation of the compound, and 
also by the agreement between the m. p.’s of the derivatives and those of the corresponding 
derivatives of A®*!°-x-octalone (Hiickel and Blohm, A mnalen, 1933, 502, 135; Hiickel and Naab, 
loc. cit.). Our ketone had dif 1-000, nj 1-4996, whence [Rz]p = 44-12 (calc., 43-52). The 
oxime had m. p. 144—145° (benzoyl derivative, m. p. 130-5—131-5°), and the semicarbazone had 


m. p. 242—243°. 


We are indebted to the Medical Research Council for a maintenance grant (to C. A. L.). 


THE RESEARCH INSTITUTE OF THE CANCER HOSPITAL (FREE), 


Lonpon, S.W. 3. [Received, October 28th, 1935.] 





393. Primary Photochemical Reactions. Part VIII. The Quantum 
Yield of the Photolysis of Methyl n-Butyl Ketone. 
By B. M. Biocn and R. G. W. Norrisu. 


THE quantum yields of the photolysis of aldehydes and ketones have been the subject 
of several researches (Norrish and Kirkbride, J., 1932, 1518; Leighton and Blacet, /. 
Amer. Chem. Soc., 1932, 54, 3165; 1933, 55, 1766; Damon and Daniels, ibid., p. 2363; 
Norrish, Crone, and Saltmarsh, J., 1934, 1456). The following results have been recorded 
for temperatures of 100° or lower : 
Wave-length region, A. Wave-length region, A. 

Substance. 3340. 3130. 2536. Substance. 3340. 3130. 2536. 
Formaldehyde 0-7 ll 0-9 Propaldehyde — 0°53 1-0 
Acetaldehyde 0°75 0°25 0-9 Acetone — 0°22 0-4 
Associated with the decomposition of acetaldehyde there is a marked photopolymerisation, 
but this was not observed to any appreciable extent in the case of formaldehyde and dry 


acetone. 
All the above substances decompose according to the scheme 


R+R’+CO 
R R sear 
poco —> (Rp CO 
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and the quantum yields were usually measured by the volume of carbon monoxide pro- 
duced. This type of decomposition has been termed Type I. It may also give rise to 
chain reactions at high temperatures in the case of aldehydes on account of the free hydrogen 
atoms liberated; Leermakers (J. Amer. Chem. Soc., 1934, 56, 1537) recorded for acetalde- 
hyde values of 300 or more between 300° and 400°, and Akeroyd and Norrish (unpublished) 
obtained similar results for formaldehyde. 

At low temperatures, however, the quantum yield of decomposition according to Type I 
tends to be less than unity. The reason for this has been discussed by Norrish, Crone, and 
Saltmarsh (/oc. cit.) in the case of acetone. It is clear that it cannot be accounted for by 
fluorescence, which is restricted to the longer wave-lengths, and it seems probable that in a 
polyatomic molecule a type of internal deactivation can occur whereby the energy of 
excitation absorbed by the chromophore may be degraded to heat and distributed through- 
out the thermal degrees of freedom. 

Other authors have held that the low quantum yield may be explained by deactivation 
due to collisions, but in our opinion such a process is doubtful, especially at low pressures, 
since it is known that for liquid acetone collisions between an excited and a normal molecule 
result in association reactions (Bowen and de la Praudiére, J., 1934, 1503) without the 
elimination of carbon monoxide, and Damon and Daniels (loc. cit.) found no such association 
in pure dry gaseous acetone. 

With ketones and aldehydes containing larger hydrocarbon chains a new type of 
decomposition, which we have termed Type II, occurs; e.g.,methyl butyl ketone (Norrish and 
Appleyard, J., 1934, 874) decomposes according to the scheme CH,’CH,’CH,°CH,°CO-CH, —> 
CH,°CH:CH, + CH,*CO-CHs. The decomposition of dipropyl ketone and zsovaleraldehyde 
(Bamford and Norrish, this vol., p. 1504) and menthone (dem, unpublished) is roughly 
equally divided between Types I and II, and in Type II the fission in the hydrocarbon 
chain always occurs in the same place. In methyl butyl ketone decomposition is more 
in favour of Type II, and Norrish and Appleyard (loc. cit.) showed the amounts of 
acetone and propylene to be nearly equivalent. From this it may be concluded that 
90% of the reaction follows Type II, and 10% follows Type I to give carbon monoxide 
and a mixture of paraffins. With more extended irradiation, however, the percentage 
of ethane and carbon monoxide increases, and it is apparent that a secondary decom- 
position of acetone is occurring. 

On account of the marked tendency in favour of Type II, it was considered of interest 
to investigate the quantum yield in order both to gain some insight into the mechanism 
and to obtain a basis of comparison of the two types of primary reaction in aldehydes and 
ketones. 

EXPERIMENTAL. 

Methyl] butyl ketone has the usual carbonyl absorption band. Photographs taken with a 
hydrogen lamp through a column | m. long in the second order of a 3-m. grating showed that this 
extends from 3200 to 2500 A. at 40 mm. pressure, and that it is quite structureless from 760 mm. 
down to4mm. This is in accord with the fact that all attempts to observe fluorescence in the 
range 4~-700 mm. were abortive. 

It was decided to use approximately monochromatic light of wave-length 2480—2770 A. 
which is situated in the middle of the absorption region. A horizontal mercury lamp of special 
type was employed as the source of light. It was used in the “‘ end-on”’ position and was 
furnished with a plane quartz window so that a sharply defined beam of maximum intensity was 
obtained. The lamp was run from a battery at constant voltage. The wave-length region 
mentioned above was isolated by colour filters of nickel chloride and gaseous chlorine contained 
in plane parallel quartz cells (Bowen, J., 1932, 2236). 

A cylindrical quartz reaction vessel of 4 cm. diameter and 5 cm. long with fused-quartz end 
plates (Fig. 1) was used. The stem C containing the liquid was out of the path of the light, so 
that only the part filled with vapour was exposed. The vessel was furnished with two outlet 
tubes, A and B, with ground-glass joints, A being closed by a ‘‘ vacuum Verschluss’”’ and B 
being provided with a constriction for sealing off. The vessel, after careful cleaning and drying 
under vacuum, was evacuated through B by means of a mercury diffusion pump. About 0-5 g. 
of the purified ketone was then distilled into C by cooling with liquid air, and the vessel sealed 
off at the constriction. 
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In order to obtain a satisfactory pressure of ketone, the decomposition was carried out at 
127°, at which its vapour pressure is atmospheric. For this purpose a double-walled oven with 
plane parallel quartz windows was constructed to hold the reaction vessel. The oven was heated 
by means of a stream of hot air from an electric blower. The temperature could easily be main- 
tained constant indefinitely to + 0-5° by regulating a variable resistance controlling the circuit 
of the electric heater which warms the air, and also by regulating the quantity of air passing 
through. 

The intensity of the light was measured by means of a Moll thermopile and a Broca galvano- 
meter, the absolute sensitivity of which had been previously determined by means of a standard 


Fic. l 


“i 


lamp calibrated by the National Physical Laboratory. A variable potential was included in the 
galvanometer circuit in order to counteract the zero shift which occurs over long periods (see 
Griffiths and Norrish, Proc. Roy. Soc., 1931, A, 180, 591). The light filter allowed green light 
to pass through as well as ultra-violet ; this visible light is unabsorbed and is without action on 
the ketone. In order to determine the intensity of the ultra-violet light it was therefore 
necessary to insert a glass plate which filtered it out and allowed a separate measurement of the 
intensity of the visible light to be made. 

The whole of the apparatus was mounted on an optical bench, and the light beam, confined 
by stops and rendered slightly convergent by a quartz lens, was made to pass axially through the 
quartz cell. After emerging from the cell it was focused by a second quartz lens on to the surface 

of the Moll thermopile, so that the whole of the light 

Fic. 2. field was collected by the sensitive elements. 

3 4 The thermopile was contained in a highly insulated 

box with an aperture covered by a quartz cell contain- 

I, ing water to admit the light beam. In this way 

wa? fluctuations due to the proximity of the oven were 

ty ( I) completely eliminated. The loss in intensity by re- 

flexion and absorption of the water cell, the empty 

reaction vessel, and the windows of the thermostat 

were directly determined by measurement. Only the influence of the lens in front of the 

thermopile could not be determined in this way and had to be calculated. It was estimated 
with an error of 15%. 

The effective absorption was evaluated by the formula 


= ?( #) I ,* | 2( 1 1 ) I,?))\ 
= -= — Ri1+—({1 : = 1 
tow Tey 7 + e+ oa toe 
in which (see Fig. 2) J,, I,, I, J,, and J,* are the intensities measured respectively when the 
thermostat and vessel are removed, when the first window of the thermostat is in position, 
when the empty vessel also is in position, when the thermostat too is in position, and when the 
vessel is filled; J, differs from J, by the correction for the loss on the lens and the water cell in 


front of the thermopile, and R is the reflecting power of quartz. 
By means of the terms containing R, this formula takes into account the part absorbed from 
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the light reflected back from the windows 3 and 4 of the vessel and thermostat. Under our 
conditions, formula (1) can be written 


Taps, = 0-851,(1 — Ig*/Iq){1 + 0-127,*/I,} (1’) 


0-857, and 0-85/,/,*/], are tabulated respectively as the incident and the transmitted intensity 
(t.e., falling on and transmitted by the vapour). 

The incident intensity was determined before and after each experiment. During irradiation, 
frequent measurements of the transmitted light were made and so the total quantity of absorbed 
light energy could be calculated. 

After the irradiation, the reaction vessel was removed and attached to a Toepler pump by 
way of the outlet tube A. The contents were frozen in the side tube C by liquid air, and the 
‘““ vacuum Verschluss ’’ was broken. The liquid air was then replaced by a mixture of alcohol 
and liquid nitrogen at — 110°, and the permanent gases formed in the decomposition were 
pumped off and analysed. These consisted entirely of propylene, ethane, and carbon monoxide, 
the last two arising partly from the decomposition of the acetone formed in the primary decom- 
position of the ketone. 

Since 10% of the decomposition occurs according to the equation C,H,*CO*CH, = 4$(CgH,, + 
C;H,, + C,H,) + CO, and 90% according to the equation C,H,*CO°-CH, = C,H, + CH,°CO*CH,, 
we can now estimate the quantum yields of the two types of decomposition, due allowance being 
made for the acetone decomposed, as represented by the carbon monoxide formed in excess of 
one-ninth of the propylene, and for the fact that the quantum efficiency for the decomposition 
of acetone at 120° is about 0-5. 

The liquid remaining after removal of the permanent gas was slightly brown, showing that 
some condensation or polymerisation had occurred. In order to estimate the extent of this, 
the ketone was distilled out of the reaction cell in a vacuum and the non-volatile brown residue 
was retained in the side arm C. This was then cut off, and the weight of the residue accurately 
determined. It was found that the polymerisation was slight in comparison with the de- 
composition. 

The following results were obtained : 


Temperature 127°; Pressure 760 mm.; Wave-length region 2480—2770 A.; Sensitivity of 
thermopile-galvanometer system 324 ergs/sec. 
: Expt. 1. Expt.2. Expt. 3. 


Incident intensity (galvanometer deflexion, cm.) (0-85/,) 11:2—22°8 191-1 161°5 
Transmitted intensity (galvanometer deflexion, cm.) (0-857,/,*/J,4) ; 99°4 85°6 
Time of irradiation (hrs.) 12°5 16 
Radiation absorbed, <x 10-’, ergs 142 150 
Vol. of C,H, at N.T.P. (c.c.) 1°45 2°21 
Vol. of C,H, at N.T.P. (c.c.) 

Vol. of CO at N.T.P. (c.c.) 

Weight of solid residue (mg.) 

Quanta absorbed in decomposing COMe,, x 107!* 
Quanta absorbed in decomposing COMeBu, x 107!* 
Total mols. of ketone decomposed, x 107!* 

Total mols. of ketone polymerised, x 10~1* 


Quantum yield of decomposition { 

Quantum yield of polymerisation 0°17—0°06 
+ Expt. 1 is only approximate. Maximum and minimum values of light absorption and quantum 

yield are given. The uncertainty arises from the fact that a cobalt sulphate light filter used in this 


experiment proved to be unstable and gave different transmissions at the beginning and the end of the 
irradiation. The filter was abandoned and the nickel chloride—chlorine filter was used in Expts. 2 and 3. 
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DISCUSSION. 


The complete diffuseness of the absorption spectrum of methyl butyl ketone and the 
absence of any fluorescence in the vapour between 700 mm. and 4 mm. show that the prim- 
ary dissociation takes place in one act. It may further be affirmed that the reaction which 
we have called Type II is a true primary process which grows in probability as the length of 
the hydrocarbon chain is increased. This is proved by the complete analogy between the 
decompositions of methyl butyl ketone, dipropyl ketone, tsovaleraldehyde, and menthone. 
In all cases the link between the « and the 8 carbon atom with reference to the carbonyl 
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group is broken, and this can only occur if a large amount of energy is transferred from the 
carbonyl group where it is initially absorbed to the «8 link where reaction occurs. The 
present measurements show that, at a pressure of 1 atm., out of 100 molecules which absorb 
quanta some 65 lose their energy without reacting, some 27 react according to Type II, 
4 react according to Type I, and about 4 become polymerised. 

Since there is no fluorescence, the 65°, of molecules which lose their excitation energy 
must be deactivated either by an internal process or by collision. It is possible that at the 
pressure used both processes play a part, but we are of the opinion that the former is more 
important, because the absence of structure in the spectrum even at low pressure and under 
high resolving power shows that the activated state of the carbonyl group is of extremely 
short duration and less than the period of vibration (10™ sec.). Thus the energy which 
initially is located there must become extremely rapidly distributed to other parts of the 
molecule. Such a rapid degradation can only occur by an internal process. 

Since the reaction always tends to occur at the same point of the molecule, it suggests 
that with the ketones and aldehydes containing a long chain, some type of internal resonance 
exists between the excited carbonyl group, and the C-C link in the «@ position. The 
quantitative results show that for methyl butyl ketone this resonance leads to chemical 
decomposition only about once in four times. In the other three cases the state of the mole- 
cule is such that it survives this shock, and the energy passes to the other degrees of freedom. 

The decomposition according to Type I becomes more probable as the length of the 
chain is decreased; it also has a very high probability in the case of the cyclic ketones, 
cyclo-heptanone, -hexanone, and -pentanone (Saltmarsh and Norrish, this vol., p. 455), from 
which cyclic hydrocarbons with unstrained rings can be produced. It is thus apparent that 
steric factors are largely responsible for the relative probabilities of the two types of 
decomposition ; it is impossible to be more precise until we have a clearer understanding of 
the mechanics of these polyatomic molecules. 


SUMMARY. 


The quantum yield of the photodecomposition of methyl butyl ketone has been measured 
for the wave-length region 248—277 my, at 760 mm. pressure. For the reaction (Type I) 
C,H,-CO-CH, —~ CO + CH, + C,Hg, it is about 0-03, and for the reaction (Type II) 
C,H,°CO-CH, —~> CH,°CO-CH, + C,H,g, it is about 0-27. For condensation or polymeris- 
ation it is about 0-04. 

The mechanism of deactivation is considered in the light of the facts that the absorption 
spectrum is completely diffuse, and that no fluorescence can be detected. 


We are indebted to the Royal Society for grants, and to Mr. H. G. Crone for assistance in 
photographing the absorption spectrum. 


DEPARTMENT OF PHYSICAL CHEMISTRY, CAMBRIDGE UNIVERSITY. ([Received, August 24th, 1935.] 








394. The Structure and Configuration of Certain Diamminopalladium 
Compounds. 


By FREDERICK G. MANN, (Miss) DorotHy CrRowFooTt, DAvip C. GATTIKER, 
and (Mrs.) NorA WoosTER. 


WHEN this investigation was started, two compounds were known corresponding in com- 
position to diamminopalladium dichloride, [(NH ),PdCl,], one an amorphous or micro- 
crystalline yellow powder, and the other a salmon-pink compound existing usually as 
minute crystals just detectable by the unaided eye. Both are almost completely insoluble 
in liquids, and are decomposed by heat, so a direct determination of their molecular weights 
is extremely difficult. Krauss and Brodkorb (Z. anorg. Chem., 1927, 165, 73) had produced 
some evidence, based on molecular-weight determinations in phenol, that both compounds 
were unimolecular, and represented cis—trans-isomerides about the uniplanar complex. 
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These conclusions were refuted by Krauss and Mahlmann (Siebert Festschr., 1931, 215), 
who deduced that the two forms were monotropic and bimolecular, both having the formula 
[(NH3),Pd][PdCl,]; X-ray photographs, being necessarily limited to the powder method, 
served solely to show that the two forms differed, but gave no evidence with regard to their 
chemical identity or configuration. Later, a study of the chemical reactions of the two 
compounds (Drew, Pinkard, Preston, and Wardlaw, J., 1932, 1895) showed beyond 
reasonable doubt that the yellow compound [I(a)] was the true diamminopalladium 
dichloride, [(NH,),PdCl,], and the pink compound (II) the tetramminopalladium 
palladochloride, [(NH;),Pd][PdCl,], and that consequently cis—trans-isomerism did not arise. 

Considerable interest attached, therefore, to a deep red, highly crystalline form [I(b)] 
of diamminopalladium dichloride brought to our notice by Mr. R. H. Atkinson, M.A., of 
the Refinery and Research Laboratory of the Mond Nickel Company, Ltd. During the 
isolation of the residual metals obtained in the Mond nickel process, the palladium is finally 
obtained as the ordinary yellow form of diamminopalladium dichloride, which, however, 
on drying at about 200°, occasionally forms the large, deep red crystals, the precise factor 
determining this change being then unknown. It appeared probable, therefore, that the 
drying process might have converted the yellow form into the opposite cis—trans-isomeride. 

The chemical properties of the yellow and the red form appeared to be identical; ¢.g., 
both, when treated with a cold solution of potassium oxalate, gave the corresponding 
oxalate, [(NH,),PdC,O,] (III), and similarly with sodium nitrite the dinitrite, 
[(NH3).Pd(NO,),] (IV), the yield of each compound from both forms being quantitative, 
moreover. Both forms with potassium cyanide similarly gave the dicyanide. X-Ray 
analysis showed, however, that the oxalate had the cis-uniplanar and the dinitrite the 
trans-uniplanar configuration. The interconversion cis — trans in the diamminopalladium 
compounds must therefore usually occur very readily even at room temperature, and the 
above experiments cannot be cited as proof of chemical identity. Many examples of 
similar cis — trans interconversion are known in the complex compounds of the nickel- 
palladium-platinum group, but the conversion usually occurs only on heating, as is shown 
by, ¢.g., diglycinepalladium (A) (Pinkard, Sharratt, Wardlaw, and Cox, J., 1934, 1012) 


MeC——CCH,Ph 


( CH,-NH NH,°CH, | HON N>O 
2 *\ pq” 2 2 | Ni 


1 
| CoO—o” ‘o—to } HON* N+>0 
MeC———C-CH,Ph 


and nickel bisbenzylmethylglyoxime (B) (Sugden, J., 1932, 246), in spite of the stabilising 
action which the chelated groups in each compound should exert. This interconversion 
is not so readily shown by the true platinous ammines, such as [(NHj),PtCl,], but is shown, 
e.g., by the aliphatic sulphide derivatives, such as [(Et,S),PtCl,], in solution even at room 
temperature (Angell, Drew, and Wardlaw, J., 1930, 349). 

The red crystals of [I(b)] when finely ground gave a yellow powder closely resembling the 
normal yellow form, but the difference was not due to fineness of division, for X-ray powder 
photographs showed the two forms to be distinct. A detailed X-ray investigation of the 
red crystals was accordingly undertaken. These proved to consist entirely of twinned 
crystals, showing three distinct habits, each associated with a different twin law. It 
was not possible to deduce the complete configuration from X-ray photographs, partly 
because of the complexities introduced by the twinning, and partly because of the great 
disparity in the reflecting powers of the constituent atoms. The former factor recurred 
more strongly in the similar but not isomorphous di-iodide (IX), where the twinning was 
found to be of an entirely novel and unexpected type. 

Meanwhile, Griinberg and Schulman (Compt. rend. Acad. Sci., U.R.S.S., 1933, 218) 
have prepared cis-diamminopalladium dichloride as a yellow powder by treating potassium 
palladochloride with ammonium acetate, and it is apparently quite distinct from the above 
yellow and red forms. Moreover, these authors claim that the action of potassium iodide is 
a decisive test for configuration in the diamminopalladium compounds studied, since it 


(A.) (B.) 
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gives a red coloration with acetone solutions of the cis-compounds, but not with those 
of the ¢rans-isomerides. Both the yellow powder [I(a)] and the red crystals [I(b)] in 
saturated acetone solution give with potassium iodide only a faint yellow coloration, and 
therefore cannot be identical with the cis-dichloride. This test, together with Griinberg 
and Schulman’s isolation of the true cis-dichloride, shows that the yellow powder and the 
red crystals have the ¢rans-configuration, and the crystallographic evidence leaves little 
doubt that their difference is due essentially to different crystal structures built up from 
the same (évans) molecules. 

Other examples have recently occurred of complex compounds existing in two forms, 
where geometrical isomerism cannot occur. For instance, both a«’-dipyridylplatinous 
dicyanide (Rosenblatt and Schleede, Annalen, 1933, 505, 58) and the corresponding di- 
chloride (Morgan and Burstall, J., 1934, 965) exist in yellow and red forms: the latter 
authors suggest that, since the two forms of the dichloride have identical chemical proper- 
ties, their difference must denote ‘‘ some modification in the arrangement of the molecules 
in the crystal rather thana difference in chemical structure.”” The dimorphism is apparently 
not limited to non-ionic compounds, for Magnus’s green salt, [(NH,),Pt][PtCl,], also occurs 
in a red modification (Jérgensen and Sérensen, Z. anorg. Chem., 1906, 48, 441). , 


[(NH,)gPdCl,] —-> [(NH,),PdC,0,] ——> [(NH,),Pd][Pdl,] <—— [(NH,),Pd][PdCl,] 


[I; trans; (III; cis-.) (XI; Brown powder.) (II; Pink crystals.) 


(a) Yellow powder ; 
(b) red crystals.] 










KI Acetone, etc. 
[((NH3)4Pd][Pd(NO,),] —> [(NH;),Pd(NO,).] —> [(NHs)2PdI,] —enanneneneys [((NH;).PdI,| 
(VII.) (IV; trans-.) [VIII; (a) Yellow [IX ; Reddish- 
powder ; (b) red blue octahedra 
crystals (stable).] 


Boil 


(metastable). | 
+aq. 


—2NH, 


\(NH5)q we a)e [((NH3)2Pd(NO,),) ((NH3)4Pd)I, 
(V.) i (VI; cis-.) (X.) 

Diamminopalladium dinitrite has also been obtained in two forms, but these are almost 
certainly geometrical isomerides. The ¢rvans-dinitrite (IV), originally prepared by Lang 
(J. pr. Chem., 1861, 83, 415) by the action of silver nitrite on the dichloride, can be re- 
crystallised from hot water without change, as shown both by X-ray powder photographs 
and by the constancy of its m. p.; it forms pale yellow diamond-shaped crystals which 
melt at 231—232° with vigorous effervescence. If, however, the dichloride is dissolved in 
ammonia, and a large excess of sodium nitrite added, the tetramminopalladium dinitrite 
(V) so formed dissociates if the solution is confined over sulphuric acid, and very pale yellow 
(almost white) prisms of the cis-dinitrite (VI) are deposited. This dissociation is clearly 
dependent mainly on the excess of sodium nitrite, because if pure potassium palladonitrite, 
K,[Pd(NO,),], is dissolved in ammonia solution, similar slow dissociation gives solely the 
former ¢rans-dinitrite (IV). The cis- can readily be distinguished from the ¢rans-dinitrite 
because on heating it blackens at 234° without melting or effervescence : it is markedly 
paler in colour, and at least twice as soluble in cold water. The cis-compound is unaffected 
by very rapid recrystallisation from hot water (showing that the difference is not merely 
one of crystal habit or structure), but slower recrystallisation causes partial conversion 
into the ¢rans-form ; consequently, a consecutive series of such recrystallisations causes the 
decomposition point first to fall steadily as the proportion of the érans-form increases, and 
finally to rise again to a sharp value (with effervescence) as the conversion becomes complete. 
Unfortunately, the crystals of the cis-form were too imperfect for complete X-ray analysis, 
although their non-identity with the trans-form was thus decisively confirmed. The alloc- 


+ NaNO, 















Configuration of Certain Diamminopalladium Compounds. 1645 


ation of the cis-configuration * is based on two considerations : (a) when the ¢rans- and the 
cts-form, both in cold saturated aqueous solution, are treated with potassium iodide, both 
give the same di-iodide (VIII) as a dark yellow powder, but whereas the érans-solution 
rapidly becomes deep red, the cis-solution remains colourless; acetone solutions of the 
trans-form, similarly treated, give an immediate deep yellow colour, whereas those of 
the cis-form again remain almost colourless. These results, while not agreeing with 
Grinberg and Schulman’s rule for the dihalides, show clearly that the two forms cannot be 
chemically identical; (b) the ¢vans-dinitrite has one molecule per unit cell, whilst the cis has 
eight, it being an almost invariable rule f that cis-compounds, by virtue of their more 
unsymmetrical configuration, have many more molecules per unit cell than the corre- 
sponding trans-compounds. 

Tetramminopalladium palladonitrite (VII) has been prepared as a yellow microcrystal- 
line powder by mixing ice-cold solutions of the dichloride and potassium palladonitrite. 
Both its appearance and X-ray powder photographs showed it to be distinct from either 
trans- or cis-dinitrite. It is, however, very readily converted into the former (IV) either 
by recrystallisation from hot water or by heating; consequently, it appears to have the 
same m. p.as (IV) because thermal conversion is complete before this temperature is reached. 

Diamminopalladium di-iodide is a compound of exceptional interest. Fehling (Annalen, 
1841, 39, 116) and Lassaigne (J. Chim. Méd., 1835, 1, 62) prepared it originally by the 
evaporation and acidification respectively of aqueous solutions of tetramminopalladium 
di-iodide (X), from which it separated sometimes as reddish-orange crystals and sometimes 
as an amorphous yellow-orange powder. The latter form [VIII(a)], now obtained by the 
action of potassium iodide on the érans- and the cis-dinitrite, is stable when dry. If, how- 
ever, it is treated with cold acetone, it changes within a few seconds to reddish-blue octa- 
hedra (IX); the yellow powder undoubtedly partly dissolves in the acetone, and therein 
is so rapidly converted into the sparingly soluble octahedra’ that separation in the latter 
form is soon complete. A similar conversion occurs if the yellow powder is warmed with 
alcohol, in which, however, it is much less soluble than in acetone. The conversion occurs 
also when an aqueous suspension of the powder is kept at room temperature, requiring 
either hours or some days for completion, according to the scarcity of nuclei of the reddish- 
blue form. The colour of the octahedra (IX) depends largely on their physical condition. 
They are deep brick-red when powdered, but the blue surface reflexion causes well-formed 
crystals to appear almost steel-blue. 

Both forms of the di-iodide dissolved readily in excess of ammonia to give a colourless 
solution of tetramminopalladium di-iodide (X). If the solution is exposed to the air, 
dissociation of the tetrammine occurs, and red orthorhombic crystals [VIII(b)] (devoid 
of blue reflexion) of the di-iodide appear; these are shown by X-ray powder photographs 
to be the crystalline form of the yellow powder [VIII(a)]. After several hours, isolated 
crystals of the reddish-blue form (IX) appear, and grow at the expense of the red crystals, 
conversion being ultimately complete. 

If a freshly prepared sample of the ordinary yellow form of the dichloride, particularly 
a sample which has been dried without heating, is shaken mechanically with concentrated 
potassium iodide solution, the yellow powder form of the di-iodide is at first produced, but 


* It is clear that the difference between the tvans-dinitrite and the apparent cis-dinitrite cannot 


oO 
be due to the former having —Ng groups and the latter —O—N—O groups, because, apart from 
O 


the X-ray evidence, Jérgensen (Z. anorg. Chem., 1894, 5, 168) and Werner (Ber., 1907, 40, 779) have shown 
that compounds having the latter group differ markedly in colour and chemical behaviour from those 
having the former group, into which they change spontaneously and rapidly at room temperature. 

+ For example, the numbers of molecules per unit cell in the following compounds are: Bis(di- 
methylsulphide)platinous dichloride, [(Me,S),PtCl,], trans 2, cis 4 (Cox, Saenger, and Wardlaw, J., 
1934, 182); diamminoplatinic tetrachloride, [(NH;),PtCl,], trans 2, cis 4 (Cox and Preston, J., 1933, 
1089) ; disalicylaldoximeplatinum, [(C;H,O,N),Pt], trans 2, cis 32 (Cox, Pinkard, Wardlaw, and Webster, 
this vol., p. 459); hexahydrochrysene, C,,H,,, trans 2, cis 64 (Bernal, Chem. and Ind., 1933, 52, 288) ; 
fumaric acid 6, maleic acid 4 (but a special crystallographic factor enters here; Yardley, J., 1925, 127, 
2207; Reis and Schneider, Z. Krist., 1928, 68, 543). 
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passes on standing into the more stable form (IX). An old sample of the dichloride, 
particularly one which has been dried by heating, reacts more slowly, and the intermediate 
formation of the yellow powder [VIII(a)] is often not apparent. 

X-Ray photographs of the reddish-blue form (IX) of the di-iodide showed a remarkable 
structure. The lattice due to the palladium atoms is represented as sharply defined spots, 
indicating a perfectly regular cell structure; the iodine atoms, however, are represented 
sometimes as sharply defined spots, and sometimes as streaks on which lie moderately 
definite spots (see Plate). These streaks are caused by irregular positions of the iodine 
atoms along the ¢ axis, and the irregularity is limited to the relative position of the iodine 
atoms between consecutive molecular layers of the crystal. (The co-ordinated ammonia 
molecules undoubtedly share this irregularity, since they have a definite position in the mole- 
cule relative to the iodine atoms, but as they are not represented on the X-ray photographs, 
there is no experimental evidence for their position.) This form of the di-iodide thus shows 
a highly anomalous type of repeated polysynthetic twinning which corresponds in effect 
to a two-dimensional crystal as far as the co-ordinated groups and atoms are concerned ; 
it is, moreover, a type of twinning which, although recognised as a theoretical possibility, 
has not hitherto been realised. The X-ray photographs of the red crystal form [I(b)] of 
the dichloride show similar but very faint streaks for the chlorine atoms, and the same 
phenomenon clearly occurs in this compound also, and was primarily responsible for the 
failure to interpret its structure completely. Full crystallographic details of the two forms 
(VIII and IX) of the di-iodide will be described elsewhere, but there is little doubt that 
they both represent different crystal forms of the trans-di-iodide. 

When an aqueous suspension of the mono-oxalate (III) was treated with potassium 
iodide, a rapid reaction occurred, the crystals of the oxalate being replaced by the chocolate- 
brown amorphous palladoiodide (XI). Doubt was thrown on the natural assumption 
that this was the czs-diamminopalladium di-iodide by the fact that, unlike the ¢rans-di- 
iodide, it was insoluble in organic liquids, whereas the cis- would probably be more soluble 
than the ¢rans-di-iodide. The same brown powder was similarly obtained, however, from 
an aqueous suspension of the salmon-pink tetramminopalladium palladochloride (II), and 
also by the interaction of potassium palladoiodide with tetramminopalladium dichloride, 
and there is no doubt, therefore, that it is actually the tetramminopalladium palladoiodide 
(XI). This rapid conversion of the mono-oxalate into the palladoiodide, although un- 
expected, is not entirely without precedent, for Drew, Pinkard, Preston, and Wardlaw 
(loc. cit., p. 1899) have shown that the dichloride when treated with ethylenediamine gives 
equivalent quantities of the tetramminopalladium and the bisethylenediaminopalladium 


ions : 
2[(NH,)sPdCl,] + 2en = [(NH,),Pd] + [en,Pd] + 4C1 
It is clear that a precisely similar rearrangement of the co-ordinated groups occurs when the 


oxalate is treated with potassium iodide, but in this case it is immediately followed by union 
of the two oppositely charged complex ions to give the palladoiodide : 


++ -- + -- 
2{(NH,),PdC,0,] + 4KI = [(NH,),Pd] + [PdlI,] + 4K + 2C,0, 





EXPERIMENTAL. 
Chemical Data. 


Chemical Properties of the Yellow and the Red Dichloride [I, (a) and (b)].—(A) A solution of 
potassium oxalate (17-5 g., 10 mols.) in cold water (80 c.c.) was mechanically shaken with a 
suspension of the finely ground yellow dichloride (2-00 g.) in water (20 c.c.) for 20 hours; the 
yellow powder had become entirely replaced by the pale greenish-white oxalate (III), which 
was filtered off, washed with water, alcohol, and ether, and dried (yield, 2-10 g.; 97%) (Found: 
C, 10-5; H, 2-65; N, 12-1; Pd, 46-4. C,H,O,N,Pd requires C, 10-5; H, 2-6; N, 12-2; Pd, 
46-65%). The powdered red crystals [I(b), Found: N, 13-1; Pd, 50-15. Calc. for H,N,Cl,Pd: 
N, 13-2; Pd, 50-4%], similarly treated (30 hours’ shaking), gave 2-05 g. of the oxalate (95%) 
(Found: C, 10-5; H, 2-8; N, 120%). Formation of the oxalate occurs rapidly if similar 
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mixtures are warmed on the water-bath; the above experiments were conducted at room temper- 
ature to test the ease with which the cis — trans interconversion occurs. 

The oxalate darkens slowly between 175—185°, becoming uniformly black, but without melt- 
ing or effervescence. This behaviour is unchanged after recrystallisation from much hot water, 
whereby the oxalate is obtained in pale green (almost white) needles, which on prolonged ex- 
posure to light slowly darken as palladium is deposited. 

(B) Sodium nitrite (7-5 g., 9 mols.) dissolved in cold water (15 c.c.) was added to the yellow 
dichloride (2-50 g.), and the mixture shaken for 12 hours, the dichloride being entirely replaced 
by the finely divided, almost white dinitrite (IV). The latter was collected under suction, 
washed with ice-cold water, then with alcohol and ether, and dried (yield, 2-70 g.; 98%) (Found : 
N, 24-1; Pd, 45-5; M, ebullioscopic in water with recrystallised material, 236 in 4-394% 
solution, 225 in 8-083%. Calc. for H,O,N,Pd: N, 24-05; Pd, 458%; M, 233). The crude 
dinitrite had m. p. 227—228° (efferv.), raised by recrystallisation from hot water to 231—232° 
(efferv.) ; X-ray powder photographs showed that no change in structure had occurred during 
recrystallisation, which afforded large pale yellow crystals. 

The red dichloride, similarly treated, gave 2-60 g. of the dinitrite (95%), having the same 
m. p. (efferv.) as that from the yellow dichloride, both before and after recrystallisation. 

(C) The yellow dichloride, triturated with a small quantity of cold concentrated aqueous 
potassium cyanide solution, was rapidly converted into the white dicyanide, which was collected 
and recrystallised from hot water containing a few drops of ammonia to prevent decomposition 
(Found: N, 29-1. Calc. for C,H,N,Pd: N, 29-1%). Precisely similar results were obtained 
for the red dichloride. 

Acetone (50 c.c.) was shaken with the finely powdered yellow dichloride (0-5 g.) for 2 hours 
and then filtered; on addition of concentrated aqueous potassium iodide (5 drops) to this 
saturated but very dilute solution, as Griinberg and Schulman direct, only a very faint yellow 
coloration appeared. The red dichloride gave an identical result, but a blank control experiment 
gave no coloration. 

cis-Diamminopalladium Dinitrite (V1).—A clear solution of tetramminopalladium dichloride, 
prepared by adding ammonia solution (10 c.c., d 0-880) to a suspension of the yellow dichloride 
(4 g.) in cold water (20 c.c.), was added to a solution of sodium nitrite (10-4 g., 8 mols.) in water 
(30 c.c.), and the mixture kept in an open basin over sulphuric acid in either a vacuum or an 
atmospheric desiccator. After about 24 hours, a thick deposit of large, heavy, very pale yellow 
crystals had settled. These were collected, washed as above, and dried. Pulverisation gave 
an almost white powder, which on heating darkened slightly at 225°, and then blackened sharply 
at 234° without melting or effervescence, no other change occurring up to 250° (Found: N, 23-5; 
Pd, 44-8%. Low values are usually obtained for both elements, due presumably to occlusion of 
traces of sodium nitrite and chloride). A second and even a third crop of the pure cis-dinitrite 
could be obtained, but further crops were impure. 

By rapid recrystallisation of small quantities from hot water, the unchanged cis-dinitrite 
was recovered. Slower recrystallisation caused ultimately complete conversion into the trans- 
dinitrite, as shown by the following m. p.’s for a sample after five consecutive recrystallisations, 
each crop having been dried and powdered : 


(1) Softens 220°, blackens 227°; no melting or effervescence. 


(2) 7 210—211°, darkens, then melts 224—225°; no effervescence. 
(3)* ,,  210—212°, melts 216°; copious effervescence. 

(4) ,, 225°, melts 229°; copious effervescence. 

(5) ,, Slightly 227—228°, melts 231—232°; copious effervescence. 


The m. p. of the final product was unchanged when mixed with an authentic sample of the 
tvans-dinitrite. 

Ammonia solution (6 c.c., d 0-880) was added to a mixture of powdered anhydrous potassium 
palladonitrite (2 g.) and water (20 c.c.), and the clear solution so obtained was placed over sul- 
phuric acid in a vacuum desiccator for 24 hours. Isolated clusters of well-formed crystals 
appeared at the bottom and surface of the solution. These, when separated and dried, had 
m. p. 229° (efferv.), unchanged by admixture with pure ¢vans-dinitrite, but lowered to 213—214° 
by admixture with pure cis-dinitrite. The production of the cis-dinitrite in the previous 
experiment must therefore have been due to the presence of either the sodium chloride or the 


* This recrystallisation was intentionally carried out more slowly than the others, and two forms 
of crystal, feathery needles and prisms, were observed. 
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sodium nitrite: the latter is probably the active agent, since it is present in so great an 
excess. 

The distinction between the tvans- and the cis-dinitrite is further shown by treating their cold 
saturated aqueous solutions with thiourea. The latter rapidly gives a copious precipitate of a brown 
amorphous powder, but the former gives a brown precipitate only sparingly after several days. 

Tetramminopalladium Palladonitrite (V11).—Chilled solutions of equimolecular quantities of 
tetramminopalladium chloride (1-0 g.) and potassium palladonitrite (1-5 g.) in water (10 c.c. 
and 40c.c. respectively) were rapidly mixed, a pale canary-yellow powder being immediately pre- 
cipitated; it was washed with cold water, alcohol, and ether (Found: Pd, 45-6%). Repetition 
of the preparation at much greater dilution still gave an immediate precipitate, and 
well-formed crystals could not be obtained. This compound evidently has the structure 
((NH,),Pd)[Pd(NO,),]: it is much darker than the two dinitrites, and the three compounds 
give distinct X-ray powder photographs. The palladonitrite appears to have m. p. 224—225°, 
with effervescence and decomposition precisely similar to that of the ‘vans-dinitrite; but this 
is probably due to almost complete conversion into the latter during the heating to the m. p. 
Recrystallisation from hot water at once gives the pure /vans-dinitrite, and there is some 
evidence for a similar conversion on long keeping of the dry material. 

Diamminopalladium Di-iodide.—Yellow form [VIII(a)]. A solution of the ¢rans-dinitrite 
(0-6 g.) in cold water (300 c.c.), treated with a cold saturated potassium iodide solution (50 c.c.), 
became yellow and then red, and the dark yellow powder was rapidly precipitated. After 1 hour, 
the di-iodide was separated, washed with water, drained, and rapidly dried (Found: N, 7-2; 
Pd, 27-2. Calc. for H,N,I,Pd: N, 7-1; Pd, 27-0%). 

When a solution of the cis-dinitrite (0-6 g.) in cold water (200 c.c.) was similarly treated, the 
yellow powder was again rapidly precipitated (Found: N, 7-3; Pd, 26-9%), but the filtrate was 
colourless, and remained so even after several weeks’ standing. 

Reddish-blue octahedral form (IX). The above yellow form was kept in contact with cold 
acetone for 1—2 minutes, although conversion was complete in a few seconds. The dark 
red crystals, having a steel-blue reflexion, were then filtered off from the pale yellow solution, 
washed with acetone, and dried (Found: N, 7-1; Pd, 27-2%). The acetone filtrate, on spontan- 
eous evaporation, deposited a further small crop of the reddish-blue needles, apparently 
contaminated with a trace of the unchanged yellow form. 

When the yellow powder was boiled with alcohol, some dissolved, and the remainder was 
converted into the reddish-blue crystals; these were separated, and the filtrate on cooling and 
standing deposited similar crystals sufficiently well-grown for X-ray investigation. When the 
laboratory had once become inoculated with the stable reddish-blue octahedra, further pre- 
parations of the yellow powder form from the cis- or the trvans-dinitrite sometimes started 
spontaneous conversion whilst draining on the filter. 

The reddish-blue crystals are soluble in hot acetone and dioxan, less soluble in alcohol; 
these solutions are brownish-red, and it is possible that an equilibrium is established between 
the forms (VIII) and (IX) if the dilution is sufficiently great to keep the latter form in solution. 

Dissociation of Tetramminopalladium Di-iodide.—(A) Diamminopalladium di-iodide [1 g., 
either (VIII) or (IX)} was dissolved in ammonia solution (15 c.c.; d 0-880) diluted with water 
(15 c.c.). This clear colourless solution of the tetrammino-compound (X) was kept over-night 
in an open basin protected from dust. Next day, small, well-formed, red, orthorhombic crystals 
[VIII(b)}, identical with the yellow powder [VIII(a)], had formed on the surface and on the sides 
of the basin. Isolated clear, deep blue crystals then appeared among the red crystals on the 
surface of the solution; these were the stable reddish-blue octahedra (IX) but their modified 
colour was due to surface reflexion. The red crystals in contact with the blue then underwent 
conversion into the blue crystals, and ultimately only the latter remained. 

The dry red crystals [VIII(b)] appear to be stable indefinitely whilst in a desiccator, but on 
subsequent exposure to the air they pass into the reddish-blue form. 

(B) Diamminopalladium di-iodide (1 g.), dissolved in ammonia (15 c.c., d 0-880), was left 
over-night in a shallow basin in a vacuum over sulphuric acid. Next day, clusters of orange-red 
needles had formed at the bottom of the liquid, and the usual red crystals [VIII(b)] on the 
surface. The identity of the needles is uncertain, but they are probably a highly complex 
substance approximating in composition to the tetrammino-compound (X). They are extremely 
unstable, and usually within a few hours of formation change spontaneously into pseudomorphs 
consisting of the red crystals [VIII(b)] of the pure di-iodide, which in turn ultimately change 
into the stable reddish-blue form (IX). Scratching the sides of the basin at any stage of the 
crystallisation causes separation of the yellow powder [VIII(a)]. If the yellow needles are 
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Itered off and washed with water, they immediately disintegrate to the yellow powder. The 
conditions of their formation have not been precisely determined, and many repetitions of the 
above experiments gave solely the usual red crystals. 

(C) When a solution of the tetrammino-compound (X) was acidified, preferably with hydr- 
iodic acid, the yellow powder form [VIII(a)] of the di-iodide was rapidly precipitated, but if 
left in contact with the mother-liquor, it slowly passed into the reddish-blue crystals (IX). 

Action of Potassium Iodide on the Dichloride——When the yellow dichloride [I(a)] or the 
finely powdered red crystals [I(b)] were moistened with water and then shaken mechanically 
with a considerable excess of saturated potassium iodide solution, the mixture became deep red 
and the dichloride was slowly converted into the di-iodide, which appeared as an apparently 
amorphous deep red powder of the stable form (IX); even after 48 hours’ shaking, however, the 
conversion was not complete, as the analyses show [Found : In di-iodide from I(a), Pd, 28-5; 
from I(b), N, 7-8; Pd, 30-6%]. The filtrate in each case was deep red. 

Similar treatment of a freshly prepared sample of the yellow dichloride [I(a)], which had béen 
washed with water, alcohol, and ether, and dried in a vacuum without heating, afforded first a 
deposit of [VIII(a)], which slowly changed into the reddish-blue octahedra (IX). 

Tetramminopalladium Palladoiodide (X1)—When a saturated aqueous potassium iodide 
solution (50 c.c.) was added to a suspension of the finely divided oxalate (III; 1 g.) in water 
(100 c.c.), the mixture became deep reddish-purple, and the oxalate appeared momentarily to 
dissolve before a fine chocolate-brown amorphous powder began to separate. After 1 hour’s 
shaking, the brown powder (XI) was collected, well washed with water, alcohol, and ether, and 
dried (Found: N, 7-1; Pd, 26-9. H,,N,I,Pd, requires N, 7-1; Pd, 27-0%). The clear filtrate 
had the same deep cherry-red colour as that obtained by similar treatment of the trans-dinitrite, 
but in view of the complete rupture of the oxalate molecule this colour is without configurational 
significance. 

When a suspension of the corresponding palladochloride (II) was similarly treated with potas- 
sium iodide, the chocolate-brown powder was again rapidly precipitated (Found: Pd, 27-2%), 
and the filtrate had the usual deep red colour. 

Solutions of ammonium palladochloride (0-5 g., 1 mol.) and potassium iodide (2-3 g., 8 mols.), 
each in water (100 c.c.), were mixed, and the deep brown solution kept for 20 mins. to ensure 
complete formation of the palladoiodide. A solution of tetramminopalladium dichloride (0-45 g., 
1 mol.) in ice-cold water (20 c.c.) was then stirred in, and a deep chocolate-brown amorphous 
precipitate rapidly separated, leaving the solution almost colourless. The precipitate was col- 
lected, washed as usual, and dried (Found: Pd, 27-3%). 

No difference could be detected in the palladoiodide (XI) prepared by these three methods. 
It is almost insoluble in most organic liquids; if a suspension in acetone is kept for several 
days, the solution becomes pale brown, indicating partial conversion of the palladoiodide into 
the di-iodide (VIII or IX). 

Crystallographic Data. 

Diamminopalladium Dichloride——The yellow powder form [I(a)] has a higher double re- 
fraction than the red crystals [I(b)], and powder photographs showed them to be distinct. 

The red crystals showed three distinct habits. (A) The majority were undistorted octahedra 
about 1 mm. in diameter, only those crystals of diameter about 0-1 mm. being perfect; the 
birefringence was small, uniaxial, and negative, and the crystals were pleochroic, the fast 
direction being yellow, and the slow orange. (B) Very small square plates, bounded by octa- 
hedral edges, and having the same optical properties as (A), except that a few showed a small 
optic axial angle. (C) One example of a distorted octahedron, elongated along a (111) axis, 
was found; d (by flotation) 2-85. 

Pyroelectric properties (Martin’s method): the majority of the crystals were electrically 
neutral, although a few crystals of type (B), and the one crystal of type (C), were active. 

Oscillation photographs showed that all three types had the same tetragonal lattice, a = 8-0, 
c = 7-8A., thus giving 4 mols. per cell. The three types were associated with different sym- 
metries as far as the intensities were concerned. Type (A) was tetragonal; (B) showed a curious 
relationship of intensities, such that while hkO = hkO = hkO = hkO, hkl + hki, but hkl = hkl 
= hkl = khi = khi = kh; (C) showed orthorhombic symmetry, i.e., hkO + khO, but hkl = hki. 

These differences can only be explained by twinning, and none of the crystals examined can 
be a single crystal. If, however, the single crystal had the symmetry Pm, the stereograms 
(Fig. 1) show how the intensities and the pyroelectric properties may be accounted for: (a) 
is the single crystal; (b) this crystal twinned about the vertical axis through 180°; (c) is (a) 
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similarly twinned through 90°. Since X-rays effectively add a.centre of symmetry, (b) gives 
rise to (d), and (c) to (e); multiple twinning gives rise to (f). (a), (b), and (c) are all pyroelectric. 
(6) has the symmetry shown by the one crystal of habit (C), (c) by those of habit (B), and (f) 
by those of habit (A). 

All the reflexions fell into two well-defined categories, those corresponding to a face-centred 
lattice being strong, the remainder only moderately strong or weak. The palladium atoms were 
clearly contributing only to the former, and can therefore be assigned to a face-centred lattice. 
The following halvings were observed in the weak spots: (e = even, 0 = odd), (eeo) and (o0e), 
(h0/) and (Ok/). No space group shows such halvings, and no structure has been found which 
warrants publication. 

The fact that the single crystal must be pyroelectric and therefore apparently without a 
centre of symmetry might be interpreted as indicating that the molecule has the cis-configuration, 
but very little is known about the electrical effects produced by the internal strains due to such 
complicated twinning; moreover, pyroelectric properties are sometimes found in crystals of 
high symmetry, e.g., topaz. 

It is clear that the formation of the red crystals is not due to the process of drying at ca. 
200°, because (i) crystals of the red form were found to the extent of about 0-5% in all samples 
of the yellow powder [I(a)], (ii) a far higher proportion of the red crystals was found in samples 
of the yellow form which had been prepared by slow controlled precipitation without subsequent 
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drying. Moreover, in oscillation photographs of the red crystals found in the yellow powder, 
the chlorine atoms were represented only by streaks and not by spots, whilst in the better grown 
red octahedra they appeared as spots with faint streaks through them. It appears, therefore, 
that the red crystals represent a stable dimorphous form of the tvans-dichloride, produced chiefly 
when conditions of formation are relatively slow. 

Occasionally, yellow crystals, ca. 0-5 x 0-4 mm. in size, were also found in the yellow powder. 
Oscillation photographs showed them to belong essentially to the red form, but to have the 
following peculiarities. The habit is that of a tetragonal prism (100) terminated by small bi- 
pyramids (111). Planes (hk/), where h,k,/ are all odd or all even, were distinct and strong, but 
no trace of other spots was observed : instead, completely uniform streaks elongated along the 
c axis replaced the planes (hk/), h and k odd, precisely as in the smaller, also prismatic, crystals 
of the di-iodide (IX). The similarity extends to the form of twinning, resulting in a dendritic 
form. The smeared row lines indicate that successive planes in the c direction follow one another 
in completely irregular order, whereas in the large red octahedra there exists considerable, 
although never perfect, order. 

Diamminopalladium Oxalate (II1).—The only form * prepared consisted of small, colourless, 
transparent, monoclinic needles, flattened on (010) and elongated along [001], with the 6 angle 
ca. 122°. The plane of symmetry is the plane of the optic axes, with y along [100], and « 
accordingly 58° from [001] in the obtuse angle. The birefringence is very high; d (flotation) 
2-85; no pyroelectric effects. 

Oscillation photographs were taken with the crystal rotating about [100] [beam direction 
0—15° from //(010), and from //(001)}; [001] [(O—15° from //(010)], and [010] [a series of eight, 
including the range 0—90° from //(001)]. These gave the cell dimensions a = 8-1, 6b = 10-47, 
c = 3-67A., 8 = 122° 23’, with 2 mols. per unit cell. 

The reflexions (00) are absent when & is odd, and as there is no other halving, the space 
group is either P2, or P2,/m, of which P2,/m is favoured by the apparent absence of pyro- 
electric effects. 

The crystal optics indicate that the greater length of the molecule lies along the a direction, 


* Griinberg’s claim (Amn. Inst. Platine, 1933, 11, 95) to have isolated the oxalate in both cis- and 
trans-forms requires considerable experimental confirmation before it can be accepted, as no cases are 
yet known of 5-membered rings spanning the trans-position: nor does it appear probable that the 
dimensions of the units concerned would allow such a ring. 
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width in 6, and thickness in the a plane. This thickness is only 3-67 sin 8, or 3-10 A., which 
indicates a planar configuration of the molecule. The probable molecular length is 8-1 A. and 
width 5-2 A. These dimensions altogether exclude a structure based on a trans-configuration, 
such as could be imagined as built of NH,-Pd—NH, units linked crosswise by oxalate groups. 
The cis-configuration (Fig. 2), on the other hand, agrees perfectly with all the requirements 
deduced from the X-ray data. It has, moreover, the plane of symmetry (along the direction 
of greater length) required by the space group P2,/m, when (as here) 

only 2 molecules are present per unit cell. The most probable arrange- —= 

ment of the molecules in the crystals is that shown in Fig. 3, which is H;N 5 
drawn in qualitative agreement with the X-ray intensities, particularly 
with the strong intensity of the (00/) planes. 

trans-Diamminopalladium Dinitrite (IV).—Diamond-shaped crystals, H lege. \ 

1 x 1-5 mm., having angles of 124° and 56°. Transparent, moderate gN + Hoes O 

birefringence. Slow vibration direction making an angle of 16° with r broken line indicates 
: ir ; 4 e plane of symmetry. 

the longer axis, and under the polarising microscope an optic eye was 

just visible on the edge of the field. Probably optically negative. d (by flotation), 2-49. No 

pyroelectric effects. 

Oscillation photographs, taken about three crystallographic directions, showed that the 
crystals belonged to the triclinic system. Cell dimensions: a = 6-64, b = 4-97, c = 6-2 iia 
a = 65° 20’, 8 = 80° 12’, y = 53° 46’, giving 1 mol. per unit cell. 

Since the lattice is triclinic, and the absence of pyroelectric effects indicates a centre of 
symmetry, the space group must be PI. Since the cell contains only 1 molecule, this must have 

a centre of symmetry, and must therefore have the trans- 


Fic. 3. configuration. The small values of the translations of 
& a the triclinic cell show that co-ordination about the 
alladium atom must be planar: a tetrahedral configur- 

P P g 





ation would give a minimum distance between the 
palladium atoms of > 6 A. 

cis-Diamminopalladium Dinitrite (V1).—Rather im- 
perfect crystals, consisting of flattened prisms, terminated 
at one end by two pyramidal faces. Transparent. 
Optically biaxial, negative : « direction perpendicular to 
flattened face, 8 along the length of the crystal, and y 
along the breadth. d (by flotation), 2-33. No pyro- 
electric effects. 

Oscillation photographs showed that the crystals 
belonged to the monoclinic system, with a strongly 
pseudo-hexagonal lattice. Cell dimensions: a = 11-0, 
b = 12-4, c= 10-8A., 8 = 59° 48’, giving 8 mols. per 
cell. Halvings were: 020 halved when k is odd. Space 

a 8roup probably P2,. 
5 ah oh Hexagonal close packing of the palladium atoms, 
. which would therefore have the co-ordinates 000, 400, 
Q)Molecule at u. ©) Molecule at i 004, 404, 444, 433, 334, 24%, would account for the 
Arvangement of {(NH,),PdC,O,] mole- observed spacings. The compound is distinct from (IV) 
cules im crystal. Projection on (100). and has probably the cis-configuration, but it has not 
Molecules im layers lying im c planes heen possible to determine the position of the amino- and 
3°10 A. apart : consecutive layers similar ~~ 
but displaced 4°3 A. in the a direction. the nitrite-groups. ie : 
Tetramminopalladium Palladoniirite (VII).—Oscill- 
ation photographs were not possible: powder photographs showed that (VII) was distinct from 
(IV) and (VI). 

Diamminopalladium Di-iodide.—Yellow form [VIII(a)]. The powder under the microscope 
was found to consist of minute rosettes of yellow crystals showing a feeble pleochroism (which 
immediately distinguishes them from the reddish-blue form), and a characteristic cross-twinned 
form of apparently orthorhombic crystals (Fig. 4, in which the arrows indicate the slow vibration 
direction). 

Reddish-blue form (1X). Square plates or truncated bipyramids, which appear to be uni- 
axial, but actually possess optical anomalies, and divide roughly into quadrants, each quadrant 
behaving like a biaxial crystal (Fig. 5). 

The degree of biaxiality, i.e., the angle between the optic axes, decreases regularly from the 
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edge of the crystal to the centre, which is always apparently uniaxial. X-Ray photographs 
(see Plate) were taken of a fragment of this crystal, showing biaxial character, but even this 
apparently homogeneous piece was found to be internally highly heterogeneous, and indeed 
exhibited phenomena never previously recorded for any crystal. If only the stronger spots 
are considered, the crystal appears isomorphous with the dichloride [I(b)], with a slightly 
larger cell (a = 12-4 = /2 x 8-7, ¢ = 85 A,), in comparison with the values 8-0, 7-8 A. for the 
dichloride; these spots all have indices hk/, of which h and k are even, corresponding to a face- 
centred tetragonal cell of sides 8-7 and 8-5, and clearly indicating palladium atoms at the points 
of such a lattice. The other spots, however, present a most unusual appearance: they are, 
in fact, not spots, but streaks, elongated in the c direction. 

There appears to be some evidence that the streaks are more pronounced when the centre 
portion of a crystal is involved than when the edge is involved, but they occur in both cases. 
The significance of these streaks can be readily interpreted to indicate a complete absence of 
regularity in the positions of the iodine atoms along the c axis. At the same time, the absence 
of streaks for palladium reflexions, and more particularly the absence of streaks of the planes 
(hkO), show that the structure itself is a perfectly regular one, and that in every layer in the c 
plane there is perfect regularity. 
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Structures of this kind have previously been observed only in crystals such as those of 
p-azoxyanisole, where the long molecules can move in the direction of their length, or in the micas, 
in which the chemical position changes in different parts of the same crystal. But in both these 
cases, the streaks indicate an irregularity of the cell itself, whereas in the di-iodide the cell is 
obviously regular, and irregularity is limited to the position of the iodine atoms between different 
layers. Itis, in fact, a type of repeated polysynthetic twinning which has previously been only 
a theoretical possibility. Several unsuccessful attempts have been made to prepare crystals 
free from twinning, and those from alcohol showed greatest separation. The octahedra prepared 
either by the addition of acetone to the yellow powder or by the dissociation of the tetrammino- 
compound (X) in solution show the most thorough twinning, as they appear truly tetragonal, 
and show streaks devoid of spots. 

The physical reason for the twin nature of dichloride and di-iodide was also apparent when 
the transformation from the yellow form to the red * form (IX) of the di-iodide was observed 
under the microscope. On addition of acetone, or alcohol, to the yellow form, there were observed 
simultaneously the dissolution of the yellow form and the appearance of small but perfect 
octahedra of the red form. The actual growth of the latter, however, could not be observed, 
i.e., it was too rapid to be followed by the eye: what appeared to occur was a multiplication of 
a number of these octahedra, and not the growth of any one of them. This indicated plainly 
that they had been produced from a solution highly supersaturated with respect to the reddish- 
blue form, which is far less soluble than the yellow. Such rapid deposition would enable alter- 
native positions for the iodine atoms, 7.e., the orientation of the di-iodide molecules relative to 
one another, to be adopted in a perfectly haphazard manner, though the equality of the dimen- 
sions of the orthorhombic cell led to a perfectly regular crystal shape. 


The authors are greatly indebted to Mr. J. D. Bernal for considerable crystallographic 
assistance, to the‘Mond Nickel Company, Ltd., for the loan of samples of the two forms of 
diamminopalladium dichloride, and to the Department of Scientific and Industrial Research 
for grants. 

THE DEPARTMENT OF CHEMISTRY AND THE CRYSTALLOGRAPHY LABORATORY, 
THE UNIVERSITY, CAMBRIDGE. [Received, August 29th, 1935.] 

* The blue surface reflexion being absent when the crystals are viewed under the microscope by 
transmitted light. 
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395. Absorption Spectra in Relation to the Constitution of 
Derivatives of Isatin and Carbostyril. 


By R. G. Autt, E. L. Hirst, and R. A. Morton. 


CONSIDERABLE importance has been attached to isatin (I) and its N- and O-methyl deriv- 
atives (II and III) as typical examples of the application of absorption-spectrum measure- 
ments to structural determination. It is unfortunate, therefore, that uncertainty has 
arisen concerning the absorption spectrum of the O-ether. Hartley and Dobbie (J., 1889, 
55, 640) in their original investigation reported that in alcoholic solution the absorption 
spectrum of the O-ether differed very markedly from those of isatin and its N-ether, which 
were closely similar, and they concluded that isatin had the same structure (lactam) as the 
N-ether. Reinvestigations by Hantzsch (Ber., 1921, 54, 1221) and by Morton and Rogers 
(J., 1925, 127, 2698), who took special precautions in view of the known instability of the 
O-ether, revealed that all three substances possessed similar absorption spectra, and these 
authors disagreed with the previous workers concerning the absorption spectrum of the 
O-ether. On the other hand, Dabrowski and Marchlewski (Bull. Soc. chim., 1933, 58, 946) 
confirm the earliest results and regard Morton and Rogers’s results for the O-ether as 
erroneous. 
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It was desirable to clear up these discrepancies, and the present work was carried out 
simultaneously at Birmingham and at Liverpool. Specimens of the N- and the O-ether, 
prepared in both laboratories, have been interchanged, and independent series of observ- 
ations on both sets of materials have been carried out with identical results. There can be 
no doubt from the chemical properties that the ether of m. p. 102°, used by Hartley and 
Dobbie (loc. cit.), by Morton and Rogers (loc. cit.), and in the present experiments, was in 
fact the true O-ether. It is somewhat unstable, particularly in the presence of moisture, 
but we find that when measurements are made with reasonable speed, its true absorption 
spectrum is obtainable, even in aqueous alcohol. This spectrum, as stated by Morton and 
Rogers, closely resembles those of isatin and the N-ether (Fig. 1). In any case, all diffi- 
culties arising from the presence of moisture in the solvent have been removed by taking 
advantage of the fact that pure cyclohexane dissolves the N- and the O-ether sufficiently 
freely to permit of spectroscopic examination ; the absorption spectra of the two solutions 
are closely alike and show clearly that the general resemblance of the curves for the alcoholic 
solutions is characteristic of the substances themselves. In cyclohexane, marked resolution 
of the bands is seen, the effect being most prominent in the case of the middle band of the 
O-ether (Fig. 3). Isatin could not be examined under these conditions. 

Hartley and Dobbie’s and Dabrowski and Marchlewski’s data cannot therefore refer to 
the O-ether, and the discrepancies have arisen because in their experiments the ether had 
decomposed before the measurements were completed. In confirmation of this explan- 
ation, we find that when an aqueous-alcoholic solution of the O-ether is kept, the absorption 
spectrum, which at first resembles that of the N-methyl ether, changes its character and is 
now of the type recorded by those workers and ascribed by them to the O-ether. 
In its main characteristics this spectrum closely resembles that of sodium aminobenzoyl- 
formate (see Fig. 2). The solution containing the decomposition products deposits pure 
isatin on evaporation. The nature of the change in the absorption excludes the formation 
of isatin as the result of the decomposition in the solution and supports the view that the 
O-ether changes into aminobenzoylformic ester (or acid) which regenerates isatin on 
evaporation to dryness. We have not encountered “ methylisatoid ’’ (Hantzsch, Ber., 
1922, 55, 3180) during the decomposition of the O-ether in aqueous alcohol, but on the 
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other hand, when the solid O-ether is boiled in benzene, and also when it decomposes slowly 
in the air, one of the products is ‘‘ methylisatoid” (absorption band at 2 460 my), the 
identity of which as a bimolecular derivative has been confirmed by X-ray methods. 





TABLE I. 
Absorption Spectra in Alcoholic Solution. 
uaz: log e. Amen. log e. Amex. log e€. 
BID. cierviinisinceis cicininsnpnoanndiie 413 2°8 296 3°5 243 4-4 
N-Methylisatin ...........cesccccceeees 420 2°70 299 3°37 245 4°35 
CRESS YOBTEG cn cccscccceseccesscesess 415 2°76 310 3°35 240 4°35 


Detailed comparisons of the absorption spectra of isatin and the two ethers reveal that 


the three curves, although similar, are not identical. 


Fie. 1. 
Alcoholic solutions. 


7, 
Wave -numbers, x10 . 
1000 


Fic. 2. 
Isatin. 


Wave-numbers, x 10” 
7000 


Isatin shows a closer similarity to 
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completion of transformation. 


its N-methyl ether, particularly in the middle region of absorption, than to its O-methyl 
ether (Table I; Fig. 1). This result, so far as it goes, is in agreement with the structural 
views put forward by Hartley and Dobbie, but all three spectra are so much alike in their 
general characteristics that no certainty can be attached to conclusions based on this 
evidence alone.. In this instance the structure can be allocated with greater precision by 
X-ray methods, which will be reported by Mr. E. G. Cox. It was of interest to find that a 
solution of isatin in aqueous alkali undergoes a very rapid change. The purple solution 
first obtained rapidly gives place to a yellow solution which has an entirely different absorp- 
tion spectrum (see Fig. 2). The change corresponds to the known chemical transformation 
by which the ring is opened with formation of sodium 0o-aminobenzoylformate. On the 
other hand, with sodium ethoxide the purple colour is more stable, and the spectrum now 
resembles that of isatin, the change in colour being due to a displacement of the 414 mu 
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band to about 500 my. Such an effect is common in the action of sodium ethoxide on 
diketonic substances capable of forming chelated enolic metallic derivatives. 

The N-ether of isatin is readily obtainable, but difficulty was experienced at first in the 
preparation of the O-ether. When the silver derivative of isatin prepared by Baeyer’s 
method (Ber., 1882, 15, 2093) was allowed to react with methyl iodide, it almost invariably 
gave rise to the N-ether in place of the expected O-derivative, but almost theoretical yields 
of the latter were consistently obtained when the silver salt prepared by Hantzsch’s method 
(Ber., 1921, 54, 1221) was similarly treated. Conclusive differentiation between the two 
ethers is afforded by Zeisel’s method for estimating methoxyl groups: the N-ether under 
ordinary conditions gives no methyl iodide, whereas the O-ether readily gives the theoretical 
amount for one methoxyl group. 

We examined the possibility of preparing these derivatives by the action of diazo- 
methane on isatin. The method is inapplicable, however, and we have confirmed the 
observations of earlier workers (Heller, Ber., 1919, 52, 741; Arndt, Eistert, and Ender, 
ibid., 1929, 62, 48) that hydroxyquinoline derivatives are the main products. The two 
crystalline substances obtained, (A), m. p. 260°, and (B), m. p. 191°, are referred to in the 
literature as 2 : 3-dihydroxyquinoline and its 3-methyl] ether, although evidence as to the 
position of the methyl group is lacking. In view of what follows it is probable that they 
are respectively 3-hydroxy- and 3-methoxy-quinolone. We now find that (B) is obtainable 
by direct methylation of (A), and the methyl group must occupy position 3, since (B) is not 
identical with 3-hydroxy-2-methoxyquinoline (see below). Both (A) and (B) are trans- 


TABLE II. 

Substance. } a p ne Cum. 

CE -EOORONIID sinc cccivocincccesusessinidecsenenseoes 270°5 6,600 328 6,000 
+3-Methoxy-1l-methylquinolone ..............+.eeeee0+ 273 6,000 320 9,000 
SC RPUONE FTE GOURGEIID)  ooccsnccecnnnssicsesssescanenses 269 7,000 327 6,750 
Substance A (3-hydroxyquinolone) ................+ 272 6,300 320 12,000 
Substance B (3-methoxyquinolone) .................. 270 7,000 319 11,000 
*O-Methylcarbostyril (2-methoxyquinoline) ......... 308°5 3,700 322 4,500 
*O-Ethylcarbostyril (2-ethoxyquinoline) ............ 308°5 3,700 322°6 4,500 
73-Hydroxy-2-methoxyquinoline — ..............ses0+0 308°5 3,500 322 4,400 

* Morton and Rogers, Joc. cit. t+ Present work. 


formed into o-toluidine by distillation with solid sodium hydroxide, confirmation of their 
ring structure being thereby provided. We have investigated also the action of diazo- 
methane on N- and on O-methylisatin. In the 


CH CH former case the product is 3-methoxy-1-methyl-2- 
4 NcR, vA NCR, quinolone, m. p. 142° (IV; R, = CH3, Rg = OMe), the 
\ CO XC-OR, constitution of which follows from its mode of pre- 
a ae \ 4 1 ; ; : 

NR ria paration and from the fact that it contains one 

(v.) (V.) methoxyl group. The O-ether similarly gives rise to 


3-hydroxy-2-methoxyquinoline, m. p. 83—84° (V; 
R, = Me, R, = OH). When first isolated this was a syrup with properties similar to those 
recorded by La Coste and Valeur (Ber., 1887, 20, 1823) for a substance they had prepared 
by methylating dihydroxyquinoline. We have now obtained it in the crystalline con- 
dition and compared its absorption spectrum with those of other derivatives of carbostyril. 

The main features of the absorption spectra have been collected in Table II, from which 
it is apparent that the spectra fall sharply into two groups. In the first are those of carbo- 
styril (quinolone) and its l-methyl- and 3-methoxy-l-methyl-derivatives, together with 
those of (A) and (B); these are all closely similar, but differ markedly from those of O- 
methyl- and 0-ethyl-carbostyril and 3-hydroxy-2-methoxyquinoline. Those in the second 
group are almost identical, and strong evidence is provided of the accuracy of the constitu- 
tion assigned to the last compound. From the chemical evidence, (A) must be either 
2 : 3-dihydroxyquinoline or 3-hydroxyquinolone, and in view of its absorption spectrum it | 
now appears highly probable that it exists in alcoholic solution in the latter form; (B) 
may therefore be regarded as 3-methoxyquinolone. In this group, the absorption curves 
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of the authentic lactam and lactim derivatives are strongly divergent, and it is possible 
by the use of absorption spectra to distinguish between hydroxyquinoline and quinolone 
derivatives. 

EXPERIMENTAL, 


N-Methyl Ether of Isatin.—Prepared by the method of Hartley and Dobbie (loc. cit.), this 
formed long, red needles (a), m. p. 131—132°, from water (Found: C, 67-3; H, 4:4; OMe, nil. 
Calc. for C,H,O,N: C, 67-1; H, 4:4%). After slow recrystallisation from benzene-ether, the 
substance was obtained as red plates, m. p. 131° (Found: C, 67-2; H, 4.6%; OMe, nil). The 
absorption spectra of the two varieties were identical. Yet a third form [red needles different 
from (a), m. p. 131°; no depression of m. p. on admixture with either of the other forms] was 
obtained on several occasions when attempts were made to prepare the O-ether by Baeyer’s 
method (/oc. cit.). Separation from the other variety of needles could be effected only by hand 
picking under the microscope. 

The absorption spectrum of N-methylisatin in alcoholic solution was identical with that 
recorded by previous investigators. In cyclohexane resolution of the principal bands was 
observed. The main features are given in the accompanying table and in Fig. 3. 


Amax., Mp ... 243 247 253 274* 283* 294 305* 413 445* 460* 
BOG cevepaeaa 4°42 4°45 4°42 31 3°2 3°3 3°13 2°87 2°70 2°55 
* Inflexion. 


O-Methyl Ether of Isatin.—This was prepared by Hantzsch’s method (loc. cit.), and formed 
clusters of blood-red prisms from benzene, m. p. 102° (Found: C, 67-0; H, 4:3; OMe, 18-7. 
Calc. for C,H,O,N: C, 67-1; H, 4:4; OMe, 19-2%). The main features of the absorption 
spectrum in alcoholic solution are given on p. 1654. Resolution of the bands occurred in cyclo- 
hexane solution (Fig. 3) : 


Rec CE ocisesacssitatneds 241 247 298* 307 318 332 415 
7 
POE @ dik ibcci veces ccectgioons 4°5 4°5 3°3 3°45 3°45 3°22 2°9 
* Inflexion. 


The absorption spectrum in aqueous alcohol (10% water) is shown in Fig. 1 together with that 
of the same solution after 2 days. No further change was observed when the solution was kept 
for long periods, and on evaporation to dryness the solution gave pure isatin, recognised by 
m. p. and mixed m. p. (201°), crystallographic data, and X-ray analysis. When O-methylisatin 
was kept for some days in moist air or for a short time in air containing a trace of acid vapour, 
a yellow powder was obtained. On recrystallisation this gave a yellow solid, m. p. 236° 
(decomp.), possessing the properties of ‘‘ methylisatoid.’”” The M.W. (306) determined by X-ray 
methods confirmed the bimolecular formula. The same compound (identity confirmed by 
crystallographic and X-ray examination) was produced by decomposition in hot benzene 
solution. 

Hydroxyquinoline Derivatives from Isatin——The following is a simplified method for the 
preparation of 3-hydroxyquinolone and its 3-methylether. Isatin (2-0 g.) in dry acetone (500 
c.c.) was kept at 0° for 12 hours with a slight excess of diazomethane. The solution was con- 
centrated at 30°, giving a crystalline mass. Extraction with alcohol left 3-hydroxyquinolone 
(A), which crystallised from a large volume of boiling alcohol as colourless needles, m. p. 260°, 
subliming when heated (Found: C, 67-0; H, 4:6; N, 8-6; OMe, nil. Calc. for C,H,O,N : 
C, 67-1; H, 4-4; N, 87%). The substance gave a purple colour with ferric chloride and 
yielded o-toluidine (identified as acetyl derivative, m. p. 110°) on fusion with solid sodium 
hydroxide. 

The alcoholic extract gave on evaporation 3-methoxyquinolone (B), light yellow needles, 
m. p. 191°, from ether-ethyl alcohol (Found : C, 68-6; H, 5-4; N, 8-1; OMe, 18-0. Calc. for 
C,sH,O,N : C, 68-6; H, 5-2; N, 8-0; OMe, 17-7%). It sublimed readily when heated, and 
gave o-toluidine (identified as before) when fused as above. The same methy] ether, m. p. 191°, 
was obtained when a methyl-alcoholic solution of 3-hydroxyquinolone was treated with an excess 
of diazomethane for 24 hours at 0°. (Prolonged treatment gave no trace of dimethoxyquinoline.) 
When freshly prepared, the substance gives no colour with ferric chloride solution, but after 
being kept for several months in a desiccator it undergoes partial decomposition, as shown by a 
fall in m. p. (191° —-> 170°) and by the formation of a greenish colour with ferric chloride 
solution. 

When N-methylisatin (1-0 g.) in anhydrous ether (50 c.c.) containing about 5 c.c. of methyl 
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alcohol was treated with a slight excess of diazomethane at 0°, effervescence occurred and the 
red solution became yellow. After 24 hours at 0°, the solvent was removed at 30°, and the solid 
product was recrystallised from methyl alcohol-ether, giving 3-methoxy-1-methylquinolone as 
light blue needles, m. p. 142° (Found: C, 69-95; H, 5-9; N, 7-6; OMe, 14-7. C,,H,,0O,N 
requires C, 69-85; H, 5-9; N, 7-4; OMe, 16-4%). This substance gave a reddish-brown color- 
ation with ferric chloride solution and could be distilled at atmospheric pressure without decom- 
position. After distillation, the crystals were colourless but were otherwise identical with the 
original substance (m. p. and mixed m. p. 142°; ultra-violet absorption spectra; crystallo- 
graphic, X-ray, and analytical data). The blue colour could not be removed or diminished in 
intensity by repeated crystallisation from alcohol-ether. Concentrated alcoholic solutions were 
red. The colour, the origin of which is not understood, disappeared on acidification of an 
aqueous solution with hydrochloric acid. 3-Methoxy-l-methylquinolone was recovered un- 
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Fic. 3.—I. O-Methylisatin in cyclohexane; II. N-methylisatin in cyclohexane. 
Fic. 4.—I. 3-Methoxy-1-methylquinolone in alcohol (curves for 3-methoxyquinolone and 3-hydroxy- 
quinolone are almost identical with the above); II. 3-hydroxy-2-methoxyquinoline in alcohol. 





changed, m. p. 142°, after fusion with sodium hydroxide. No hydrolysis of the methoxy] group 
took place during 10 hours’ boiling with 6% aqueous hydrochloric acid, nor was the substance in 
any way affected. The methoxyl group was readily demethylated by hydriodic acid. 

The absorption spectra in ethy] alcohol of 3-hydroxy-, 3-methoxy-, and 3-methoxy-1-methyl- 
quinolone were almost identical (see Fig. 4). 

Treatment of O-methylisatin (m. p. 102°) with a slight excess of diazomethane in ethéreal 
solution gave a viscid yellow oil, which darkened on exposure to the atmosphere. When kept, 
it slowly crystallised, but after distillation (b. p. 115°/0-02 mm.) it solidified rapidly. After 
recrystallisation from ether—light petroleum, 3-hydroxy-2-methoxyquinoline was obtained as 
clusters of colourless needles, m. p. 83—84° (Found: C, 68-8; H, 5-1; N, 7-9; OMe, 16-5. 
C,9H,O,N requires C, 68-6; H, 5-2; N, 8-0; OMe, 17-7%), soluble in alcohol, ether, ethyl acetate, 
dioxan, and benzene; insoluble in cold water and in light petroleum. In hot water it gave a 
dark brown colour with ferric chloride. The absorption spectrum is shown in Fig. 4. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. 
THE UNIVERSITY, LIVERPOOL. [Received, July 13th, 1935.]} 





5P 











1658 Harris, Hirst, and Wood: Optical 


396. Optical Rotatory Dispersion in the Carbohydrate Group. 
Part VI. The Amide Rotation Rule. 


By T. L. Harris, E. L. Hirst, and C. E. Woop. 


WE have previously examined in detail the rotatory dispersion of two sharply contrasted 
lactones of the sugar acids (J., 1934, 1825; this vol., p. 295). One of these (tetramethyl 
y-gluconolactone) has a strong positive rotation in all solvents and for all wave-lengths, 
the rotation being controlled by an absorption band which is identifiable with the carbonyl 
group of the lactone. Tetramethyl y-mannonolactone differs in that the term + ,/(a? — 
0-06) representing induced activity of the carbonyl group does not in all circumstances 
control the sign of the rotation. The remaining dissymmetric centres now contribute a 
partial rotation of opposite sign — k,/(A? — 0-02), which in some solvents is sufficiently 
large numerically to give a negative total rotation in the visible region. The points we 
desire to emphasise in connexion with these lactones are that the induced activity is dextro- 
rotatory irrespective of the configuration of the second carbon atom, and that the sign of the 
induced activity appears to be controlled by the configuration of the fourth carbon atom. 
There is therefore a correlation, comparable with Hudson’s rule, between the configuration 
of the carbon atom involved in the lactone formation and the sign of the induced activity. 


CO-NH, CO-NH, CO-NH, 
H—C—OMe H—C—OMe HO—C—H * 
MeO—C—H MeO—C—H HO—C—H 
CO-NH, HO—C—H H—C—OMe (I1,) 
(I, CH,‘OMe H—C—OH 
(I1.) CH,‘OMe 


We wished to extend our observations to the amides of «-hydroxy- and «-methoxy- 
aliphatic acids in order to find out whether the amide rotation rule depends in an analogous 
way upon control of the sign of the induced activity by the configuration of the second 
carbon atom. This might be anticipated by analogy with the results outlined above, in 
view of the large number of amides which have positive rotations in aqueous solution when 
the hydroxy- (or methoxy-) group attached to the second carbon atom is on the right in the 
Fischer conventional formula and negative rotations when it is on the left. Accordingly, 
we have examined the rotatory dispersion of d-dimethoxysuccinamide (I), which follows 
the amide rule, and we find that its rotation is definitely controlled by the induced dis- 
symmetry and can be represented by a one-term equation of the Drude—Natanson type. 
The absorption band giving rise to the rotation is situated at 42300. Exactly similar 
considerations apply to the corresponding methylamide (d-dimethoxysuccinomethylamide) 
and to /-2 : 3 : 5-trimethyl arabonamide (II). 

We proceeded therefore to investigate a case where the amide rule does not apply in the 
visible region in aqueous solution but is followed in alcoholic solution. Here two possi- 
bilities are open. On the one hand, the behaviour might be similar to that of tetramethyl 
y-mannonolactone, and in that case we should expect to find that the total rotation is 
composed of two opposite partial rotations, k,/(A? — 2,7) and k,/(A® — 2”). When the 
hydroxyl group attached to C, is on the left the negative partial rotation — k,/(A® — ,°) 
(low-frequency term) is the one which on this view would be associated with the induced 
dissymmetry. In these circumstances the rotation could be positive or negative in the 
visible region according to the numerical values of the rotational constants k, and k, but 
must tend to become negative in the ultra-violet because the low-frequency term is 
negative. On the other hand, these exceptional amides may differ from tetramethyl 
y-mannonolactone in the sense that special stereochemical arrangements of the substituent 
groups may give rise to an induced activity opposite in sign to that which would be found if 
the amides behaved normally. The rotation of such a substance (the hydroxyl group being 
on the left) would therefore contain a positive partial rotation associated with the induced 
dissymmetry. It is evident that examination of the rotatory dispersion would enable 
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a decision to be made between the two alternatives, and we were fortunate in having 
at our disposal a small quantity of a suitable amide (4 : 6-dimethyl mannonamide, III) 
which had been prepared in the course of other work (Ault, Haworth, and Hirst, this vol., 
p. 1012). We had noticed that this substance failed to obey the amide rule in water but 
followed it in alcohol, and examination of its rotatory dispersion in these solvents has 
shown clearly that the second of the above two hypotheses is correct. In water, the 
observed rotation is governed by the induced dissymmetry, the sign of the induced term is 
positive, and the rotation therefore fails to obey the amide rule at any wave-length. The 
observations on the alcoholic solution confirm this view. The rotatory dispersion is now 
visually anomalous, and it is clear that the positive term which governs the sign of the 
rotation in the ultra-violet is associated with the induced dissymmetry. 

In this amide, therefore, the normal action of the «-hydroxy-group has been altered by 
the influence of the neighbouring groups to such a degree that the total effect produced by 
coupling with the carbonyl group gives a positive partial rotation in place of the expected 
negative term. The case is thus comparable with that observed with other derivatives of 
mannose; for example, the «- and $-forms of mannose and the corresponding methyl- 
mannosides display marked deviations from Hudson’s iso-rotation rules by reason of 
complications arising from the mutual influence of the cis-hydroxy-groups attached to the 
second and the third carbon atom. : 

In view of the similarity in the visible region between the rotations of d-dimethoxy- 
succinamide and methyl d-dimethoxysuccinate, we examined also the rotatory dispersion 
of the ester. This investigation had additional interest because of the results we had 
obtained with tetramethyl y-gluconolactone, the dispersion of which could be expressed 
by a two-term equation containing a small second term for which ,? has the inexplicably 
large value 0-075 (see below). We wished to see whether the rotation of methyl d-dimeth- 
oxysuccinate demanded a similar term, more especially since a term of this type has been 
proposed for tartaric acid (Lowry and Austin, Phil. Trans., 1922, 222, A, 249; compare 
Bruhat, Trans. Faraday Soc., 1930, 26,400). We find that between 4 6708 and A 2613 the 
rotation of the ester in water is given by the equation a, = 4-5288/(a2 — 0-03) — 
2-0129/(a? — 0-05), in which the two frequency constants are identical with those used 
by Bruhat for tartaric acid (loc. cit.). The low-frequency constant (A, = 0-05) is almost 
the same as the corresponding constant calculated for each of the amides referred to above, 
and is apparently associated with the induced dissymmetry of the carbonyl groups. It is 
noteworthy that in methyl d-dimethoxysuccinate the sign of this induced term is 
negative and is opposite to that of the corresponding term in d-dimethoxysuccinamide. 
Here the rotation of the amide has the same sign as that of the ester in the visual 
region. On the other hand, the rotations of methyl «-chloropropionate and the corre- 
sponding dimethyl amide (Kuhn, Freudenberg, and Wolf, Ber., 1930, 63, 2367) are opposite 
in sign in the visible region. Fundamentally, however, the phenomena are similar, since in 
both sets of substances there occurs (on passage from an ester to the corresponding amide) 
a reversal of sign of the low-frequency term associated with the absorption band of the 
carbonyl group. Such changes in sign are not uncommon, but their origin is imperfectly 
understood and at present they add yet a further difficulty to the problem of correlating 
structure with rotatory power. Additional instances which may be cited are ascorbic 
acid and iminoglucoascorbic acid, where a low-frequency term changes sign on trans- 
formation of the un-ionised acid into a salt (Herbert, Hirst, and Wood, J., 1933, 1564; 
1934, 1196). 

The Interpretation of Dispersion Equations. 


The substances referred to in this and previous papers possess absorption spectra in 
which the expected bands are obscured by heavy end-absorption, and for this reason it is 
not possible to make rotation measurements in the vicinity of the bands. The equations 
of Lowry and Hudson (Phil. Trans., 1933, 282, A, 117) and of Kuhn and Braun (Z. physikal. 
Chem., 1930, 8, B, 281) cannot therefore be utilised, and the distance from the band is such 
that in most cases the simplest form of the Drude equation should be applicable. In 
many instances this is true. Nevertheless, this form of the equation cannot apply in the 
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immediate neighbourhood of a narrow band or at a greater distance from a wide band. The 
Drude—Natanson equation, a, = (A® — A,?)R,/[(A® —_?)2 + 2,7], although it does not 
accurately express rotation values throughout the region of absorption, is a closer approxim- 
ation to the real form of the dispersion. Sérenson and Trumpy (7bid., 1935, 28, B, 135) 
have recently expressed the rotation of certain methylglycosides and their derivatives by 
single-term Drude—Natanson equations. We were interested therefore to discover whether 
the data for sucrose could be represented by an equation of this type, in view of the fact 
that down toa very short wave-length (42356) the observations can be expressed by a single- 
term Drude equation. Calculation has shown that within the limit of experimental error 
the equation used in our previous work «, = 7-4645/(22 — 0-0213) can be replaced by 
a, = 7-4645/[22 — 0-0212 + 0-000122/(42 — 0-0212)], the half-width of the band (a,) 
having the reasonable value 100 A. 
Fic. 2. 
Absorption spectra in aqueous solution. 
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I. d-Dimethoxysuccinomethylamide; Il. d-dimeth- ave-length, A. 

oxysuccinamide; III. 4: 6-dimethyl mannonamide ; I. 1-2:3:5-Trimethyl avrabonamide; 
IV. 2:3: 5-trimethyl avabonamide in alcohol. Aqueous II. (a) (circles) 4: 6-dimethyl mannon- 
solutions except IV. The graphs are plotted directly amide; (b) (broken lines) methyl d- 
from the figures given in the text, but for convenience of methoxysuccinate; III. d-dimethoxysuc- 
representation the scale of 1/a is arbitrary and not the cinamide; IV. d-dimethoxysuccinomethyl- 
same for each. amide. 

All the above-mentioned rotatory dispersion curves to which the Natanson equation 
has been applied are alike in that they deviate only slightly from the curves given by 
the nearest one-term Drude equations, and always in such a direction that in the ultra- 
violet the observed rotation is less than that calculated from the single-term Drude 
equation. We have shown (J., 1934, 1151; this vol., p. 295) that such deviations can be 
accommodated by the use of a two-term Drude equation in which 4,? is slightly less than 
A»? of the simple equation and 2,? is considerably greater. When the data for tetramethyl 
a-methylglucoside and tetramethyl y-gluconolactone are analysed in this way, the resulting 
equations contain small terms with a frequency constant (2,? ca. 0-07) the origin of which 
(as was pointed out in the papers cited) is inexplicable on ordinary grounds. In all prob- 
ability the constant thus calculated is devoid of physical meaning. In such circumstances, 
the Natanson equation, which requires a frequency constant slightly greater than A,? of the 
single-term Drude equation, is obviously to be preferred, and we have used it in the present 
work on dimethoxysuccinamide and the corresponding methylamide. It should be 
pointed out, however, that the equation must be used with circumspection when the 
observations do not cover a wide spectral range. For example, down to 3200 it is possible 
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to express the rotation of methyl d-dimethoxysuccinate by a single-term Drude—Natanson 
equation, but observations at shorter wave-lengths show that this mode of representation 
is of little value and a two-term equation is necessary. Instances may arise, therefore, in 
which the rotatory dispersion, throughout the range open to investigation, can be accur- 
ately expressed by more than one equation, with corresponding variations in the constants. 
In the absence of observable absorption bands, selection of the true frequency constants 
may then depend on the use of additional data which may not always be available. Never- 
theless, approximate values of the frequency constants are almost invariably obtainable. 
The general character of the rotatory dispersion is then abundantly clear, and arguments 
such as those developed in the present paper can be based securely on interpretations of the 


dispersion data. 
EXPERIMENTAL, 


Methyl d-Dimethoxysuccinate.—Prepared by methylation of methyl d-tartrate by methy 
iodide and silver oxide (compare Purdie and Barbour, J., 1901, 79, 973), this was a colourless 
liquid, b. p. 120°/12 mm., 3? 1-4318, which rapidly crystallised. The material used in the 
following experiments was recrystallised from light petroleum. 

(a) In water: c, 4-68; J, 2 dm.; ¢#, 20°. [a]? = 10-45a,; a9 = 4-5288/(a? — 0-030) — 
2-0129/(A? — 0-050). 


A. a, obs. a, Calc. Diff. A. a, obs. a, calc. Diff. 
6708 +5°70° +5°75° —0°05° 3280 +23°44° +23-42° +0°02° 
5893 7°43 7°50 —0°07 3161 24°44 24°45 —0-01 
5515 8°56 8°59 — 0°03 3090 24°94 24°89 + 0°05 
5225 9°62 9°61 +0°01 2930 24:93 24-95 —0-02 
4887 10°99 11-03 —0°04 2877 24-42 24°40 +002 
4789 11°45 11°49 —0-04 2829 23°42 23°49 —0:07 
4422 13°45 13°52 —0-07 2787 22-40 22°26 +0°14 
4005 16°45 16-50 —0°05 2742 20°39 20°31 +0°08 
3780 18°45 18°45 +0 2720 19°39 19°04 +-0°35 
3685 19°45 19°34 —O11 2682 16°38 16°22 +0°16 
3576 20°45 20°42 +0-03 2655 13-38 13°51 —0°13 
3392 22°44 22-30 +0°14 2613 8°36 8°19 +0°17 

Amax. = 3000 A. (obs. and calc.) ; amax. = 25°20° (obs.), 25°18° (calc.). 


(b) In alcohol: c, 6-544; J, 1 dm.; ¢, 20°. [a] = 15-28a,; «3° = 3-1068/(a? — 0-03) — 
1-3808/(A? — 0-05) (7.e., 2” = 0-686 x value of «” for the above aqueous solution). 


6708 +400 +3°95 +0°05 3420 + 15°45 +1511 +0°34 
5893 5°10 514 —0-04 3255 16°45 16°23 +0°22 
5515 5°85 5°88 —0°03 3144 16°95 16°86 +0°09 
5225 6°53 6°58 —0°05 2855 16°42 16°49 —0°07 
4887 7°50 7°58 —0-08 2802 15°42 15°61 —0°19 
4370 9°45 9°44 +0°01 2734 13°41 13°63 — 0°22 
4025 11°45 11-21 +0°24 2692 11°39 11°70 —0°31 
3827 12°45 12°36 +0-09 2650 8°38 8°97 —0°59 
Amax. (by interpolation) = 3040 A. (calc. 3000). 


The absorption spectrum is shown on Fig. 2. Ati’? = 0-05, « = 130. 

d-Dimethoxysuccinamide.—This was prepared from crystalline methyl d-dimethoxysuccinate 
by the action of methyl-alcoholic ammonia, and was recrystallised from aqueous alcohol. Owing 
to its limited solubility in water and organic solvents, only a dilute aqueous solution could be 


used for polarimetric work. 
In water: c, 0-8168; /, 2 dm.; ¢, 20°; [a]? = 61-2a,; a2” = 0-4692/[2? — 0-053 + 


0-0006522/(a2 — 0-053)]. 


A. a, obs. a, Calc. Diff. A. a, obs. a, calc. Diff. 
6708 +1°14° +1°18° —0°04° 3298 +8°44° + 8°23° +0°21° 
5893 1°59 1°59 +0 3110 10°44 10°40 +0°04 
5515 1°87 1°86 +0°01 2888 14°42 14°58 —0°16 
5225 2°17 2°13 +0°04 2759 18°39 18°57 —0°18 
4887 2°52 2°51 +0°01 2631 24°37 24°69 —0°32 
4625 2°95 2°90 +0°05 2576 28°34 28°23 +0°11 
4000 4°45 4°34 +011 2525 32°33 32°15 +0°18 
3558 6°45 6°28 +0°17 2550 30°34 30°27 +-0°07 


The absorption spectrum is shown on Fig. 2. Atda* = 0-053, ¢ = 120. 
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d-Dimethoxysuccinomethylamide.—Prepared from crystalline methyl d-dimethoxysuccinate 
by Haworth and Jones’s method (J., 1927, 2349), the material was recrystallised from light 
petroleum before use; m. p. 205°. 

In water: c, 1-935; /, 2 dm.; ¢, 20°; [a]? = 25-8a,; a%” = 1-500/[a? — 0-050 + 
0-0013522/(a2 — 0-050)). 


A. a, obs. a, Calc. Diff. A. a, obs. a, calc. Diff. 
6708 +3°77° +-3°74° +-0°03° 3380 +-22°44° +-22°50° —0°06° 
5893 5:02 5°02 +-0 3200 27°44 27°25 +0°19 
5515 5°88 5°86 + 0°02 3050 32°43 32°65° —0°22 
5225 , 6°68 |-0-03 2947 37°42 37°47 —0°05 
4887 “8! 7°87 — 0°02 2858 42°41 42°64 —0°23 
4750 “4! 8°46 —O-0l 2794 47°40 47°14 +0°26 
4096 12-4 12°53 —0:°08 2730 52°44 52°39 —0°05 
3665 17° 17°35 +0°10 


The absorption spectrum is shown in Fig. 2. Ata? = 0-05, « = 450. 

1-2: 3: 5-Trimethyl Arabonamide.—A specimen of this amide prepared by Haworth, Hirst, 
and Oliver (J., 1934, 1922; compare Humphreys, Pryde, and Waters, J., 1931, 1298) was used. 

In alcohol: 0-1494 g. in 6c.c.; J, 1dm.; ¢, 20°. [a]? = 40-2a,. 


5893 5515 5225 4920 3754 3277 
+ 0°46° 0°59° 0°68° 0°82° 0°94° 2°44° 4°43° 
3058 2928 2834 2744 2685 2583 * 2498 * 
|+-6°42° 8°42° 10°39° 13°38° 16°37° 23°5° 37°4° 
* Measurements with tube / = 0°25 dm. 


The absorption spectrum is shown in Fig. 2. At? = 0-05, « = 190. 

The above figures disclose an unusually rapid rise of rotation with decrease of wave-length 
in the visible and the near ultra-violet region. Their representation by an equation will be 
considered later. The graph in Fig. 1 shows that.the rotation is controlled by an absorption 
band the position (A? ca. 0-05) of which is the same as that of the bands associated with the other 
amides referred to in this paper. 

d-4 : 6-Dimethyl Mannonamide.—The sample used in these experiments was the one pre- 
pared by Ault, Haworth, and Hirst (/oc. cit.). 

(a) In water: c, 0-734; 1, 2 dm.; #, 20°. [a]%” = 68-la,; a%” = 0-060263/(A? — 0-068). 


A. a, obs. a, calc. Diff. A. a, obs. a, calc. Diff. 
6294 +018°  +0-18° +0° 3874 +0°74° +40°73° +0-01° 
5515 0°25 0°26 —0°01 3560 1:00 1-03 —0°03 
5225 0°30 0°29 +0°01 3406 1-24 1°25 —0°01 
4887 0°34 0°35 —0°01 3272 1°50 1°54 —0°04 
4780 0°40 0°38 +0°02 3130 1-99 2°01 —0°02 
4243 0°54 0°54 +0 3060 2°48 2°35 +0°13 


The observed rotations are small and the above equation is regarded only as an 
approximation. 
(6) In alcohol: c, 1-613; 7,1 dm.; ¢, 20°. [a]? = 62a,. 
5515 5225 4887 4600 
—0-04° —0-04° —0-03° +0-01° 
—0°04 — 0-04 —0°01 +0°02 
4100 3950 3850 3700 
+0°14° -+0°20° +0°24° +0°34° 
+0°13 +0°19 +0°23 +0°34 


The rotation is visually anomalous. The observations are accurately reproduced by the equation 
a, = 0-1425/(a2 — 0-06) — 0-176/(A? — 0-02) (A.) 
but in view of the small rotations observed the constants are to be regarded as approximate 
only. Nevertheless, the general character of the rotatory dispersion is clear. 
The authors thank the Government Grants Committee of the Royal Society for a grant. 
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397. Walden Inversion Reactions of the p-Toluenesulphinic and the 
p-Toluenesulphonic Esters of Ethyl d-8-Hydroxy-B-phenyl propionate. 
By Jos—epH KENYON, HENRY PHILLIPS, and GERALD R. SHUTT. 


In 1929, Houssa, Kenyon, and Phillips (J., 1700) put forward two chemical methods by 
which the relative configurations of a secondary alcohol and the corresponding halides could 
be determined. The relative configurations of B-octanol and its halides were thus deter- 
mined, but subsequent investigations with phenylmethylcarbinol (Houssa and Phillips, 
J., 1932, 1332; Kenyon, Phillips, and Taylor, J., 1933, 173) failed, owing to experimental 
difficulties, to provide equally conclusive evidence concerning the relative configurations 
of this semi-aromatic alcohol and its (+) halides. Since McKenzie and Humphries (J., 
1910, 97, 121) and McKenzie and Barrow (J., 1911, 99, 1910) have shown that the stereo- 
chemical changes which occur during the formation of the halides from alcohols containing 
a phenyl group linked to the asymmetric carbon atom may differ from those occurring 
during the formation of purely aliphatic halides, further experiments have been made, and 
more complete evidence concerning the relative configurations of ethyl (+) 6-hydroxy- 
8-phenylpropionate and the corresponding (—) halides has now been obtained. 

(a) Replacement of the p-Toluenesulphinoxy-group of Ethyl (+-) 8-p-Toluenesulphinoxy- 
b-phenylpropionate.—This ester, prepared by the direct interaction of the (+) hydroxy- 
ester with ~-toluenesulphinyl chloride in the presence of pyridine, reacted with chlorine 
and with hypochlorous acid to yield respectively the (—) chloro-ester and the (—) hydroxy- 
ester. Since from its method of preparation the parent (+-) sulphinic ester has the same 
configuration as the (+) hydroxy-ester, on the assumption previously made (loc. cit.), 
the (—) hydroxy-ester and the (—) chloro-ester arose with inversion and have like con- 
figurations. As is usual, more racemisation occurred and smaller yields were obtained 
than is the case when the sulphinic ester of an aliphatic alcohol, e¢.g., (+) 8-octyl p-toluene- 
sulphinate (loc. cit.), undergoes similar reactions. The (—) hydroxy-ester was obtained 
also by the action of nitrous acid on the (+) sulphinoxy-ester, and the (—) bromo-ester 
was produced from this ester by the action of bromine in either chloroform or aqueous 
solution. With iodine monochloride, the (+) sulphinoxy-ester gave the (—) chloro-ester 
and #-toluenesulphony] iodide, but with cyanogen chloride it gave the (—) cyano-ester and 
p-toluenesulphonyl chloride. The last reaction is an example of the tendency of the 
cyanogen radical to assume the anionic state at the expense of a more negative halogen 
partner, other examples being the formation of diphenylchloro(bromo)bismuthine and 
benzonitrile by the action of cyanogen chloride (bromide) on triphenylbismuthine (Wilkin- 
son and Challenger, J., 1924, 854). This variation in the behaviour of the cyanogen radical 
when linked to halogens can be seen by contrasting the preliminary stages of the inter- 
action of a sulphinic ester (I) and a sulphide (II) with cyanogen chloride, the products of 
the latter reaction being a thiocyanate and a chloride. 


O 
(I.) wiebocan, R—S—R 
CN Cl Cl by 
In common with (+) phenylmethylcarbinyl #-toluenesulphinate, but in contrast to the 
p-toluenesulphinates of purely aliphatic alcohols, the -toluenesulphinoxy-group of ethyl 
(+) 8-p-toluenesulphinoxy-8-phenylpropionate was replaced by the ethoxy-group with 
inversion and some racemisation when this ester was heated with ethyl alcohol. On the 
other hand, when the sulphinoxy-ester was heated with ethyl alcohol containing potassium 
carbonate, the (+) hydroxy-ester was formed by alcoholysis without loss of rotatory 
power. Although the avoidance of acid conditions in this reaction prevented the occur- 
rence of an inversion, the (+) sulphinoxy-ester was converted into the (+) formoxy- and 
the (+) acetoxy-ester without inversion by formic and acetic acid respectively. 
The following scheme summarises the reactions of the (+) sulphinoxy-ester and illus- 
trates the stereochemical relationships of the products. 


(II.) 
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(b) Replacement of the Hydroxy-group of Ethyl (+) 8-Hydroxy--phenylpropionate.— 
By the action of the chlorides and bromides of phosphorus, the (+) hydroxy-ester was 
converted into the (—) chloro- and the (—) bromo-ester, the observed inversion and the 
rather large amount of racemisation being similar to that occurring during the same 
reaction with other semi-aromatic hydroxy-compounds. Under the action of thionyl 
chloride in the presence of pyridine, the (-+-) hydroxy-ester also yielded the (—) chloro-ester, 
although, in the absence of pyridine, thionyl chloride yields the (+) chloro-ester (McKenzie 
and Barrow, J., 1910, 97, 2564). Further support is thus afforded for the view, previously 
based on similar results obtained with ethyl (+) mandelate (Kenyon, Lipscomb, and Phillips, 
J., 1930, 415) and with (+) phenylmethylcarbinol (Kenyon, Phillips, and Taylor, J., 1931, 
382), that, whereas a tertiary base has no obvious influence on the course of the reaction 
between thionyl chloride and a purely aliphatic alcohol, when a phenyl group is linked to 
the asymmetric carbon atom the presence of a tertiary base modifies the reaction so pro- 
foundly that a chloro-derivative of opposite sign is produced and a Walden inversion occurs. 

(c) Replacement of the p-Toluenesulphonoxy-group of Ethyl (+-) 8-p-Toluenesulphonoxy- 
8-phenylpropionate.—This ester could not be prepared by the direct interaction of the (+) 
hydroxy-ester and #-toluenesulphonyl chloride, but the #-toluenesulphinoxy-ester was 
oxidised rapidly by hyperol (urea—hydrogen peroxide) and the p-toluenesulphonoxy-ester was 
isolated as a pale yellow oil too unstable to distil at low pressures. Accordingly, for each 
reaction studied, the (+) sulphinoxy-ester was oxidised with hyperol in a solution of the 
reagent, reaction of which with the resulting (+) sulphonoxy-ester was to be examined. 
The ae results can be summarised as follows : 
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The conversion of the (+-) sulphinate into the (+) sulphonate involves merely the 
addition of an oxygen atom to the sulphur atom of the p-toluenesulphinoxy-group, a reaction 
unlikely to involve configurative change. The (+) sulphonate therefore has the same con- 
figuration as the (++) sulphinate. The interaction of the (+) sulphonate with acetic acid 
and with ethyl alcohol gave respectively the (—) acetate and the (—) ethyl ether. Both 
reactions were therefore attended by inversion of configuration, accompanied by somewhat 
more racemisation than occurred during similar reactions of the #-toluenesulphonates 
of purely aliphatic alcohols, but less than that which accompanied similar reactions of 
(—) phenylmethylcarbinyl f-toluenesulphonate (Joc. cit.). 

When heated, in the presence of potassium carbonate, with ethyl alcohol and with an 
ethyl-alcoholic solution of lithium chloride, the (+) sulphonate gave respectively the (—) 
and the (+) ethoxy-ester. It is probable that during the second reaction the (++) sulphonate 
interacted with the lithium chloride to give rise to the (—) chloro-ester, which, in the pre- 
sence of potassium carbonate, was converted into the (+) ethoxy-ester by interaction with 
the solvent. This interpretation of the reaction is made more probable by the conversion 
of the (+) sulphonate into the (—) chloro-ester by heating it with a solution of lithium 
chloride in acetic anhydride. During this reaction some (—) acetoxy-ester was formed, 
owing presumably to the formation of lithium acetate. The (—) acetoxy-ester was also 
produced by the interaction of the (+) sulphonate with acetic acid. Since the (+) acetoxy- 
ester can be prepared by the action of acetic anhydride on the (+) hydroxy-ester, a reaction 
unlikely to occur with inversion, the formation of the (—) acetoxy-ester from the (+) 
sulphonate in the reactions described above was accompanied by a Walden inversion. 
These reactions involve the replacement of the p-toluenesulphonoxy-anion by the acetate 
anion and are similar in type to the reactions of the (+) sulphonate with lithium chloride 
in which the p-toluenesulphonoxy-anion is replaced by the chloride anion. It is therefore 
probable that, since the (—) acetoxy-ester was produced with inversion, so also was the 
(—) chloro-ester and hence that these two esters have the same configuration. 

Ethyl (—) §-hydroxy-f$-phenylpropionate thus has the same configuration as ethyl 
(—) @-chloro-8-phenylpropionate, a conclusion in agreement with that reached from a 
consideration of the reactions of the #-toluenesulphinoxy-ester. 


EXPERIMENTAL. 


Resolution of $-Hydroxy-B-phenylpropionic Acid.—McKenzie and Humphries (J., 1910, 
97, 121) resolved this acid by means of morphine: the less expensive brucine can be used. 
Brucine (238 g.) was dissolved in a hot solution of d/-8-hydroxy-8-phenylpropionic acid (100 g.) 
in ethyl acetate (1200 c.c.). The crystals (246 g.) which separated on cooling had m. p. 128° 
and after six crystallisations from ethyl acetate were obtained (79 g.) optically pure, m. p. 
145°, [a]5s93 + 37°85° [a]54¢, + 45°8° (c, 5-00; 7, 2) in ethyl-alcoholic solution. A further 
quantity of pure salt was obtained from the mother-liquors. 

By decomposition of the brucine salt in aqueous solution with hydrochloric acid, followed by 
extraction with ether, d-8-hydroxy-$-phenylpropionic acid, m. p. 115°, was obtained. It had 
[a]5so3 + 18-9°, [x]7G, + 238-4°, and [a]y35, + 33-4° (c, 5-000; 7, 2) in ethyl-alcoholic solution. 

When the / + di-acid, obtained by decomposition of more soluble fractions of the brucine 
salt, was fractionally crystallised from water, optically pure /-8-hydroxy-6-phenylpropionic 
acid (25 g.), m. p. 115—116°, [a]5e93 — 19-0° (c, 5-130; /, 2) in ethyl alcohol, was obtained. 

Ethyl d-(+)-8-hydroxy-$-phenylpropionate was prepared by slowly passing hydrogen 
chloride for 10 hours into a solution of the d-acid (25 g.) in ethyl alcohol (250 c.c. of 99%) heated 
on the steam-bath and was obtained (23 g.) with b. p. 90—91°/< 0-1 mm., di? 1-058, n}” 1-5125, 
assss + 19-17°, able, + 23-39°, alfs, + 31-52° (2, 1-0). 

Ethyl d-(+-)-B-ethoxy-B-phenylpropionate (18 g.), b. p. 85—86°/< 0-1 mm., nj} 1-4983, di? 
1-067, atig, + 7-59° (1, 0-25) (Found : C, 70-4; H, 8-25. C,,H,,O, requires C, 70-5; H, 8-2%), 
was obtained when a mixture of ethyl d-§-hydroxy-8-phenylpropionate (10 g.), ethyl iodide 
(7-8 g.), dry silver oxide (6 g.), and anhydrous ether (30 c.c.), after standing for 2 hours, was 
heated under reflux for 4 hours. When ethyl d-§-hydroxy-8$-phenylpropionate (10 g.) in 
anhydrous ether (40 c.c.) was allowed to react with potassium (2-1 g.), the principal product 
was ethyl cinnamate (5 g.), b. p. 270° (Found: C, 75-1; H, 6-8. Calc.: C, 75-0; H, 6-8%). 

Ethyl d-(+-)-B-acetoxy-8-phenylpropionate (9 g.), prepared by heating ethyl d-(+-)-f- 
hydroxy-8-phenylpropionate (10 g.) and acetic anhydride (8 g.) for 2 hours on the steam-bath, 
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had b. p. 102—103°/< 0-1 mm., di? 1-088, n}7" 1-5168, a}35, + 1-32°, offs, + 166°, a}3;, + 2-79° 
(/, 0-25) (Found: C, 66-5; H, 6-3. Calc.: C, 66-4; H, 6-4%). 

Ethyl d-(+-)-8-formoxy-f-phenylpropionate (8 g.), prepared by heating ethyl d-(+-)-8- 
hydroxy-8-phenylpropionate (10 g.) and anhydrous formic acid (5 g.) for 6 hours on the steam- 
bath, had b. p. 95—97°/ < 0-1 mm., dit" 1-1293, n2” 1-5333, ali, + 2°47°, alig, + 298°, alzsy + 4:39° 
(/, 0-25) (Found: C, 64-9; H, 6-4. Calc.: C, 64-9; H, 6-4%). 

Ethyl d-(+)-8-p-Toluenesulphinoxy-8-phenylpropionate.—Ice-cold p-toluenesulphinyl 
chloride (12 g.) was slowly added to a mixture of ethyl d-8-hydroxy-8$-phenylpropionate (10 g.) 
and pyridine (6 g.) cooled in ice and salt. After 12 hours, ethyl d-8-p-toluenesulphinoxy-B- 
phenylpropionate was isolated from the reaction mixture as a yellow oil which could not be 
distilled (Found: C, 65-3; H, 6-3; S, 9-6. C,,H,.0O,S requires C, 65-1; H, 6-1; S, 9-7%. 
0-5362 G. required for complete hydrolysis 0-1286 g. NaOH. Calc., 0-1292 g.). It had aig, 
+ 3-77° (1, 0-25); njS° 1-15286, di’ 1-178. 

As is shown later, this sulphinate, when heated with ethyl alcohol in the presence of potassium 
carbonate, yields the original hydroxy-ester of unchanged rotatory power. 

Conversion of Ethyl d-(+)-8-p-Toluenesulphinoxy-B-phenylpropionate into Ethyl d-(+-)-B- 
Acetoxy-B-phenylpropionate by Means of Acetic Acid.—A mixture of acetic acid (4 g.), acetic 
anhydride (2 g.), and the d-sulphinate (10 g.) was heated for 6 hours on the steam-bath, and the 
cooled product poured into water. The ethyl d-§-acetoxy-8-phenylpropionate (5-5 g.) which 
separated had b. p. 102—104°/< 0-1 mm., nj 1-5168, a54¢, + 148° (i, 0-25). 

Conversion of Ethyl d-(+-)-8-p-Toluenesulphinoxy-B-phenylpropionate into Ethyl d-(+-)-f- 
Formoxy-B-phenylpropionate by Means of Formic Acid.—When a mixture of anhydrous formic 
acid (4 g.) and the d-sulphinate (10 g.) was heated for 5 hours on the steam-bath, ethyl d-8- 
formoxy-$-phenylpropionate (6 g.), b. p. 95°/< 0-1 mm., n}” 1-5334, afig, + 1-46° (i, 0-25), was 
produced. 


Walden Inversion Reactions. 


Conversion of Ethyl d-(+-)-6-p-Toluenesulphinoxy-B-phenylpropionate into Ethyl 1-(—)-8- 
Chioro-B-phenylpropionate.—(a) By means of chlorine in chloroform solution. A slow stream 
of dry chlorine was passed during 2 hours into a solution of the d-sulphinate (10 g.) in dry 
chloroform (75 c.c.). The solvent was then removed at room temperature, and the residual 
oil diluted with cold light petroleum and filtered : the white crystalline material precipitated 
had m. p. 69°, alone and when mixed with p-toluenesulphony] chloride. The light petroleum 
was removed from the filtrate; the residual ethyl /-(—)-8-chloro-8-phenylpropionate (3 g.) had 
b. p. 70—72°/< 0-1 mm., nj” 1-5344, a}%, — 1-57° (1, 0-25) (Found: Cl, 17-6. Calc., 17-8%). 

(b) By means of chlorine water. The d-sulphinate (10 g.) was shaken with a freshly prepared 
solution of chlorine (2-2 g.) in water (100 c.c.) : the chlorine was rapidly absorbed and crystals 
soon appeared. The liquid was filtered, and the solid residue separated by means of cold light 
petroleum into p-toluenesulphonyl chloride (m. p. and mixed m. p. 69°) and ethyl /-8-chloro-f- 
phenylpropionate (4 g.), b. p. 71—72°/< 0-1 mm., np” 1-5344, a54¢, — 1-30° (2, 0-25). 

(c) By means of hypochlorous acid. The d-sulphinate (10 g.) was shaken for 12 hours with 
a freshly prepared solution of hypochlorous acid (1-75 g.; 1-2 mols.) in water (85 c.c.). The 
cooled liquid was filtered, and the residue separated by means of cold light petroleum into 
p-toluenesulphony] chloride (m. p. 68°) and an oil. The latter was separated by fractional 
distillation into (i) ethyl /-6-chloro-8-phenylpropionate, b. p. 72—73°/< 0-1 mm., nj” 1-5345, 
aie, — 0-72° (2, 0-25), and (ii) ethyl /-8-hydroxy-8-phenylpropionate (3-5 g.), b. p. 90—91°/< 0-1 
mm., 2p 1-5129, adg, —3-53° (i, 0-25). 

(d) By means of iodine monochloride. The d-sulphinate (10 g.) was shaken with an aqueous 
solution (150 c.c. of approx. 0-3N) of iodine monochloride (Orton, J., 1900, 77, 830) and then left 
at 0° for 12 hours. The liquid was filtered, and the residue separated by means of cold light 
petroleum into -toluenesulphony] iodide (m. p. 86°, alone and mixed with an authentic specimen) 
and ethyl /-8-chloro-8-phenylpropionate (2-5 g.), b. p. 73°/< 0-1 mm., mf” 1-5344, ati; — 2-27° 
(2, 0-25). 

Conversion of Ethyl d-(+)-®-p-Toluenesulphinoxy-B-phenylpropionate into Ethyl 1-(—)-B- 
Bromo-B-phenylpropionate.—(a) By means of bromine in chloroform solution. A solution of the 
d-sulphinate (10 g.) in chloroform (50 c.c.), cooled in a freezing mixture, was slowly mixed with 
a solution of bromine (5 g.) in chloroform (75 c.c.) and shaken at frequent intervals during 
6 hours, by which time most of the bromine had reacted. After removal of the solvent at room 
temperature, the residue was separated by means of cold light petroleum into p-toluenesulphonyl! 
bromide (m. p. 97°, alone and mixed with an authentic specimen) and ethyl 1-8-bromo-8-phenyl- 
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propionate (4-0 g.), b. p. 82—84°/< 0-1 mm., nj” 1-5424, afi; — 1-43° (2, 0-25) (Found : Br, 30-8. 
C,,H,,;0,Br requires Br, 31-1%). 

(b) By means of bromine water. The d-sulphinate (10 g.), vigorously shaken with a solution 
of bromine (1-0 g.) in water (200 c.c.) until the bromine had almost completely reacted, furnished, 
by the procedure described above, (i) p-toluenesulphonyl bromide (m. p. and mixed m. p. 98°), 
ethyl /-8-bromo-8-phenylpropionate (3 g.), b. p. 82—84°/< 0-1 mm., n}?” 1-5425, atig, — 0-86° 
(1, 0-25), and (iii) ethyl /-8-hydroxy-8-phenylpropionate (0-4 g.), b. p. 90—91°/< 0-1 mm., n>” 
1-5126, adi, — 1-34° (7, 0-25). 

Conversion of Ethyl d-(+-)-8-p-Toluenesulphinoxy-B-phenylpropionate into Ethyl 1-(—)-B- 
Cyano-8-phenylpropionate by Means of Cyanogen Chloride.——Dry cyanogen chloride was slowly 
passed for 30 minutes into an ice-cold solution of the d-sulphinate (10 g.) in light petroleum, 
which was then kept over-night. By filtration there were obtained p-toluenesulphonyl chloride 
(2 g.) (m. p. and mixed m. p. 68°) and, after removal of light petroleum from the filtrate, ethyl 
1-(—)-8-cyano-8-phenylpropionate (2-5 g.), b. p. 78—79°/< 0-1 mm., n}®° 1-5243, di? 1-1811, 

— 0-38°, «375, — 0-53°, a}3;, — 0-92° (7, 0-25) (Found : N, 6-2. C,,H,,;0,N requires N, 6-9%). 

Conversion of Ethyl d-(+)-8-p-Toluenesulphinoxy-B-phenylpropionate into Ethyl 1-(—)-B- 
Hydroxy-B-phenylpropionate [see also under (b) and (c) above].—By means of nitrous acid. 
A well-stirred suspension of the d-sulphinate (8 g.) in a solution of sodium nitrite (5 g.; 3 mols.) 
in water (75 c.c.) immersed in a freezing mixture was mixed slowly with hydrochloric acid 
(50 c.c. conc. + 25 c.c. water). After 4 hours, the mixture was shaken with ether, which ex- 
tracted ethyl /-(—)-8-hydroxy-8-phenylpropionate (4 g.), b. p. 90—91°/< 0-1 mm., nj” 1-5124, 
5161 — 2°57° (2, 0-25). 

Conversion of Ethyl d-(+)-8-p-Toluenesulphinoxy-B-phenylpropionate into Ethyl 1-(—)-B- 
Ethoxy-B-phenylpropionate by Means of Ethyl Alcohol.—A solution of the d-sulphinate (10 g.) 
in ethyl alcohol (75 c.c. of 99%) was heated under reflux in an atmosphere of nitrogen for 
48 hours. Removal of the excess of alcohol and some #-toluenesulphinic acid left ethyl /-B- 
ethoxy-$-phenylpropionate (5 g.), b. p. 85°/< 0-1 mm., n}* 1-4984, a3ig, — 3-73° (7, 0-25). When 
this experiment was repeated in the presence of anhydrous potassium carbonate, no trace of the 
ethoxy-derivative was obtained; the main product was optically pure ethyl d-(+)-8-hydroxy-f- 
phenylpropionate. 

Conversion of Ethyl d-(+-)-8-p-Toluenesulphinoxy-B-phenylpropionate into Ethyl d-(+-)-B- 
Ethoxy-B-phenylpropionate by Means of an Ethyl-alcoholic Solution of Lithium Chloride——A 
solution of the d-sulphinate (10 g.) and lithium chloride (7 g.) in ethyl alcohol (75 c.c.), mixed 
with anhydrous potassium carbonate (12 g.), was heated under reflux in an atmosphere of nitro- 
gen for 48 hours. The excess of alcohol was removed by distillation, and from the residue was 
isolated ethyl d-8-ethoxy-8§-phenylpropionate (2-5 g.), b. p. 84—85°/< 0-1 mm., mp” 1-4983, 
aie, + 4:91° (i, 0-25). 

Oxidation of Ethyl d-(+)-8-p-Toluenesulphinoxy-8-phenylpropionate to Ethyl d-(+-)-B-p- 
Toluenesulphonoxy-B-phenylpropionate.—Hyperol (0-1807 g.) was added to a solution of the 
dl-sulphinate (0-6382 g.) in pure ether (25 c.c.): after 4 hours, the mixture did not produce a 
blue colour with acidified starch—-iodide paper. On titration, 0-3 c.c. of perbenzoic acid solution 
(1% in chloroform) was required to produce a blue coloration (0-6382 g. of sulphinate would 
require 26-5 c.c. for complete oxidation to sulphonate). In a separate experiment 0-5296 g. of 
the sulphinic ester required 0-207 g. of perbenzoic acid for complete oxidation (calc., 0-220 g.). 

As it was not possible to distil the sulphonate, solutions of the sulphinate were oxidised 
separately for each of the following reactions. 

Conversion of Ethyl d-(+)-8-p-Toluenesulphonoxy-B-phenylpropionate into Ethyl 1-(—)-B- 
Ethoxy-B-phenylpropionate—A mixture of the d-sulphinate (10 g.), hyperol (8 g.), potassium 
carbonate (15 g.), and ethyl alcohol (50 c.c.), after standing for 12 hours, was heated under reflux 
for 12 hours, cooled, and poured into water. Extraction with ether yielded ethyl /-(—)-f- 
ethoxy-8-phenylpropionate (3-5 g.), b. p. 84—86°/< 0-1 mm., ml!" 1-4984, aig, — 5-12° (/, 0-25). 

Conversion of Ethyl d-(+)-8-p-Toluenesulphonoxy-B-phenylpropionate into Ethyl d-(+-)-B- 
Ethoxy-8-phenylpropionate—A mixture of the d-sulphinate (10 g.), hyperol (10 g.), potassium 
carbonate (15 g.), lithium chloride (8 g.), and ethyl alcohol (76 c.c.), similarly treated and ex- 
tracted, yielded ethyl d-(+)-8-ethoxy-8-phenylpropionate (4-5 g.), b. p. 84—85°/< 0-1 mm., 
ny 1-4983, adie, + 4-36° (i, 0-25). 

Conversion of Ethyl 1-(—)-8-Chloro-8-phenylpropionate into Ethyl d-(+-)-B-Ethoxy-B-phenyl- 
propionate.—The chloro-ester (%54,,; — 2°37°; /, 0-25), heated under reflux with ethyl alcohol 
containing potassium carbonate, readily gave the (+-)-ethoxy-ester, «245, + 0-23° (/, 0-25). 

Conversion of Ethyl d-(+-)-8-p-Toluenesulphonoxy-B-phenylpropionate into Ethyl 1-(—)-8- 
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Acetoxy-B-phenylpropionate.—A solution of the d-sulphinate (10 g.) and hyperol (10 g.) in an- 
hydtous acetic acid (50 c.c.) was kept for 12 hours, heated on the steam-bath for 12 hours, and 
worked up in the usual manner. The resulting ethyl /-(—)-$-acetoxy-§-phenylpropionate 
(6 g.) had b. p. 103°/< 0-1 mm., nj” 1-5168, aig, — 0-85° (1, 0-25). 

Conversion of Ethyl d-(+-)-8-p-Toluenesulphonoxy-B-phenylpropionate into Ethyl (—)-8- 
Chloro-8-phenylpropionate and Ethyl 1-(—)-8-Acetoxy-B-phenylpropionate.—A mixture of the 
d-sulphinate (9 g.), hyperol (8 g.), lithium chloride (10 g.), and acetic anhydride (50 c.c.) was kept 
for 12 hours, heated on the steam-bath for 4 hours, cooled, and poured into dilute sodium car- 
bonate solution. Extraction with ether yielded (a) ethyl (—)-f8-chloro-8-phenylpropionate 
(1-5 g.), b. p. 72—73°/< 0-1 mm., nf” 1-5343, afig, — 1-3° (i, 0-5), and (b) ethyl /-(—)-8-acetoxy- 
8-phenylpropionate (4 g.), b. p. 103—104°/< 0-1 mm., nj 1-5166, afig, — 1-23° (/, 0-25). 

The Replacement of the Hydroxy-group in Ethyl d-(+-)-B-Hydroxy-B-phenylpropionate by 
Halogen.—(a) By means of phosphorus pentachloride. The d-hydroxy-ester (10 g.), dissolved 
in ether (25 c.c.), was added slowly to a well-cooled solution of phosphorus pentachloride (14 g.) 
in ether (25c.c.). After the initial vigorous reaction had ceased, the mixture was gently warmed 
for 14 hours, cooled, and poured into water. The ethyl (—) 6-chloro-8-phenylpropionate (5 g.) 
isolated had b. p. 72—74°/< 0-1 mm., nj” 1-5345, dj 1-2180, aff¢, — 1-59° (2, 0-25) (Found : 
Cl, 17-7. Cale. : Cl, 17-8%). 

(b) By means of phosphorus pentachloride in the presence of pyridine. A solution of phos- 
phorus pentachloride (14 g.) in ether (25 c.c.) was added slowly to a solution of the d-hydroxy- 
ester (10 g.) and pyridine (9-6 g.; 2 mols.) in ether (30 c.c.) surrounded by a freezing mixture. 
The ethyl (—) 8-chloro-8-phenylpropionate isolated after the mixture had been warmed for 
1 hour had b. p. 72—73°/< 0-1 mm., nj” 1-5344, afjg, — 2-46° (i, 0-25). 

(c) By means of phosphorus trichloride. A solution of the d-hydroxy-ester (10 g.) in ether 
(25 c.c.) was added slowly to an ice-cold solution of phosphorus trichloride (12 g.) in ether 
(20 c.c.), and the mixture warmed until the evolution of hydrogen chloride ceased. The ethyl 
(—) 8-chloro-8-phenylpropionate (3 g.) obtained had b. p. 72°/< 0-1 mm., nj" 1-5344, ati,, — 1-04° 
(7, 0-25). 

(d) By means of phosphorus trichloride in the presence of pyridine. A solution of the d- 
hydroxy-ester (10 g.) and pyridine (8 g.; 2 mols.) in ether (40 c.c.) was added slowly to an ice- 
cold ethereal solution of phosphorus trichloride (12 g.), and the mixture subsequently warmed. 
The resulting ethyl (—) @-chloro-8-phenylpropionate (7 g.) had b. p. 72—73°/< 0-1 mm., njy” 
1-5345, aig, — 2-69° (i, 0-25). 

(e) By means of thionyl chloride. The d-hydroxy-ester (7 g.) was mixed with thiony] chloride 
(10 g.) and kept cold during the vigorous reaction. The excess of the thionyl chloride was 
removed at a temperature below 20°; the resulting ethyl (+) 8-chloro-8-phenylpropionate 
(5-2 g.) had b. p. 722—73°/< 0-1 mm., njf” 1-5344, afig, + 2-87° (/, 0-25) (Found: Cl, 17-7%). 

(f) By means of thionyl chloride in the presence of pyridine. The d-hydroxy-ester (11-6 g.) 
and pyridine (10 g.; 2 mols.), dissolved in ether (40 c.c.), were added slowly to thionyl chloride 
(13-5 g.), and the mixture heated under reflux for } hour. The resulting ethyl (—) 6-chloro- 
8-phenylpropionate (8 g.) had b. p. 72—73°/< 0-1 mm., nj” 1-5344, agig, — 2-21° (i, 0-25). 

(g) By means of phosphorus tribromide. The d-hydroxy-ester (10 g.) in ether (30 c.c.) was 
added slowly to an ice-cold ethereal solution of phosphorus tribromide (6 g.), and the mixture 
warmed until the evolution of hydrogen bromide ceased. The ethyl (+) B-bromo-8-phenyl- 
propionate (7 g.) had b. p. 83—84°/< 0-1 mm., m}”” 1-5424, di? 1-3559, alj,, — 5-08° (/, 0-25) 
(Found: C, 51-7; H, 5-1; Br, 30-9. C,,H,,0,Br requires C, 51-8; H, 5-1; Br, 31-1%). 

(h) By means of phosphorus tribromide in the presence of pyridine. A solution of the d- 
hydroxy-ester (10 g.) and pyridine (10 g.; 2 mols.) in ether (25 c.c.) was added slowly to an 
ethereal solution of phosphorus tribromide (6 g.), and the mixture warmed for 1 hour. The 
resulting ethyl (—) 8-bromo-$-phenylpropionate (8 g.) had b. p. 83—84°/< 0-1 mm., nj}” 1-5424, 
hie. — 7°25° (i, 0-25). 
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By IrvINE Masson, EDWARD Race, and (in part) F. E. POUNDER. 


THE enquiries here described arose from the observation that iodic acid very readily 
attacks benzene and its derivatives in media like those in which nitric acid does so; but 
that instead of forming iodoxy-compounds, as would be the case if the analogy between 
HIO, and HNO, were maintained, the reaction forms diaryliodonium salts in large yield. 
An account of this will soon be submitted; but reactions encountered early in its study 
showed that many fundamental properties of the iodoxy-, iodoso-, and iodonium groups, 
and the connexions between them, have remained obscure, or else misapprehended, since 
the pioneering discoveries of Willgerodt and of Victor Meyer more than forty years ago. 
The present summary of several of our investigations, dealing particularly with the iodoxy- 
group IQg,, and establishing hitherto unknown classes of compounds of iodine, is submitted 
as a contribution to the organic chemistry of oxidised iodine and so to the problems of the 
valency of this element. 

Two simple properties of iodoxybenzene which deserve notice are that, although it 
can be heated as much as to 230°, it neither melts nor vaporises, and that while it is slightly 
soluble in water (see Experimental Data, a), it is still less so in chemically inert organic 
solvents. These refractory qualities are shared by all the iodoxy-compounds, of which 
some seventy are described in Willgerodt’s monograph of 1914 (“ Die Organischen 
Verbindungen mit Mehrwehrtigem Jod,” Enke, Stuttgart), and so they are characteristic 
of the group IO,. They are not the result of unresolvable polymerisation, for we find 
iodoxybenzene to be monomeric in its aqueous solution (6). Internal polarity then 
suggests itself. This is, however, not ionic in nature : 7.e., iodoxybenzene is not diphenyl- 
iodonium periodate (which would have the empirical composition and the aqueous mole- 
cular weight of C,H,*IO,), as we showed by preparing this salt and examining its behaviour 
(c). CgH,*IO, is thus acceptable as the true molecular formula, and any high polarity 
of the compound will have its source within the IO, group. Of the three structures, that 
which we find most easily applicable to the reactions hereafter described is (II). In this 


Ph s pe 
0<I+0 O=1+0 o=I=0 

(I.) (II.) (III.) 
there is an opportunity for resonance (as in the nitro-group), which could, inter alia, con- 
tribute to the invariably greater stability of iodoxy- than of iodoso-compounds. The 
chemical evidence needs to be supplemented with X-ray and other electronic evidence 
before a final choice between these structures can be made for the substance; direct 
measurements of dipole moment and of parachor cannot well be expected, because of the 
physical properties of the iodoxy-compounds. 

Iodoxybenzene is generally supposed to be a neutral compound; it is explicitly stated 
by Willgerodt (of. cit., p. 35) to form salts neither with acids nor with bases, and its aqueous 
solution is neutral to indicators and is almost devoid of conductivity unless kept hot. 
But we find that it forms stable, though hydrolysable, crystalline salts on suitable treat- 
ment with several of the more powerful inorganic acids, and that it freely forms salts with 
aqueous alkalis. It is thus in fact amphoteric. As regards the salts with acids (d), the 
sulphate PhIO,,H,SO, (m. p. 127°) was analysed and examined, and among others a 
perchlorate was obtained; the existence of the latter proves that the iodoxybenzene here 


plays a cationic part, and suggests a structure (IV), (Ph a X’, in which 
O 


univalent hydrogen is associated with the resonance between the two oxygen linkages. 
The basic character of iodoxybenzene is markedly greater than that of nitrobenzene, for 
PhIO,,H,SO, is formed in an acid sufficiently dilute to hydrolyse PhNO,,H,SO, com- 
pletely; also the latter salt melts near 12° (cf. Masson, J., 1931, 3200). The compound 
described as C,H, IOF, by Weinland and Stille, who made it by acting on iodoxybenzene 
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with hot concentrated hydrofluoric acid (Ber., 1901, 34, 2631), would represent a second 
stage of our reaction, a molecule of water having been eliminated; while hydrochloric 
acid goes still further and is oxidised, eliminating a second molecule of water in forming 
chlorine and iodobenzene dichloride (Willgerodt, Ber., 1893, 26, 1310). ° 

As regards the salts with alkalis, these have not been obtained as solids; their existence 
is transient ; but we have been able by a combination of rapid measurements of solubility, 
conductivity, and freezing point to establish their formation and prove their formule. 
They are colourless. The acidity of iodoxybenzene can scarcely be supposed due to any 
cationic replacement or tautomerism of the hydrogen atoms of its phenyl group; and with 
this proviso the data (e) prove that the reaction is : 


PhIO, + OH’ = PhIO,°OH’. 


The extent of the reversibility of the reaction is such that a twofold proportion of dilute 
alkali is ordinarily needed to prevent reversal, and indicates that iodoxybenzene behaves 
as if it were a monobasic acid with a dissociation constant of the order 10™", 7.¢., about 
the same as that of phenol (f); the slight conductance measured for pure aqueous iodoxy- 
benzene agrees with this, giving an apparent K = 1074, It is not possible to dissect 
this magnitude into its two component equilibrium-constants, namely, that relating 
OH’ and PhIO, with PhIO,H’, and that relating PhIO,H’ and H’ with a hydrated iodoxy- 
benzene solute. The numerical facts suggest, however, that the monomeric solute mole- 
cules of iodoxybenzene in pure water may be mostly hydrated (though the undissolved 
solid is not), the hydration occurring by way of the reaction with OH’, formulated above. 
There is no detectable aci-form with a higher acidity. We term these salts “ phenyl- 
iodoxylates.’”’ They are formally analogous with the salts of aryl phosphinic and arsinic 
acids. It should, incidentally, be noted that the opinion expressed by Willgerodt in 
1896 (Ber., 29, 2008) as to the possible formation of ‘‘ Jodonate’’”’ by iodoxybenzene in 
barium hydroxide, although he contradicted it in 1914 in his monograph by the statements 
on the neutrality of iodoxybenzene, is justified by what we have proved. We regard the 
formation, the ready dissociation, and the later behaviour of iodoxylates as sufficiently 
explained by a local electrovalency joining the exceptionally large, positive donor iodine 
atom of the dipole IO with the small anion OH’ (see V); while the sodium or other 
cation is shown by the evidence of freezing points to remain ionically free. In the analogous 
molecule of diarylsulphones, for example, which do not act upon alkali, the corresponding 
donor atom of sulphur is too thoroughly screened to permit this anionic access; and so 
also with the very small nitrogen atom in a purely aromatic nitro-compound. We have 
found no evidence to justify a supposition that in iodoxylates this linkage (V) can become 
covalent (VI) : 
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It is to be noted that in one respect iodoxylates are close counterparts of the acidic 


‘es 
salts of iodoxybenzene as represented in (IV): in the latter, one end of the dipole I>O 
has co-ordinated H", the anion of the acid remaining as such, while in iodoxylates the 
other end of the same dipole has made a union with OH’, the cation of the alkali remaining 
as such. The simultaneous accessibility of both ends of the iodyl dipole is, in our view, 
responsible for the remarkable general reaction of Victor Meyer and Hartmann whereby 
iodonium compounds are usually made (Ber., 1894, 27, 504) by the interaction of iodoso- 
and iodoxy-compounds in presence of wet silver oxide: this, which may be written 
RIO + RIO, ry R,I° + 10’, is easily understood as a dipole addition : 


+ 


RR. 


a 


+0 R—I4-0 
Tea | 
—i0, 10, 











ee fF we et 1 St of lf 


wf DdJi da@ @ 2 = A 


Le | 

















The Iodoxy-group and its Relations. 1671 


The detailed steps of this process seem to be closely akin to those of the benzil—benzilic 
acid change. We do not here prejudge the question whether the iodoso-group contains a 
double bond or a single co-ordinate link, or whether the former is polarised into the latter 
‘by the reagent prior to its final conversion into an electrovalency. Other reactions 
of iodoso-compounds point to the vulnerability of their I—O link to addition; e¢.g., their 
union with acid anhydrides to form covalent compounds RI(OAc)., and their spontaneous 
self-oxidation-reduction (Willgerodt, Ber., 1892, 25, 3500; 1893, 26, 358, 1307; Askenasy 
and V. Meyer, Ber., 1893, 26, 1356), the course of which we take to be 


R—I—O R—I->0 mt oe 
> ; Acer 
ware + iy 
O—I—R O<-I—R O IR 


The “ labile ’” nature of the iodoxy-group, which is the other factor in our theory of Meyer 
and Hartmann’s reaction, will also be apparent in what follows. 

Iodoxylates very rapidly change, irreversibly and quantitatively, soon after their 
formation in cold dilute aqueous alkali, into another and more stable new class of compound, 
according to the equation 


2PhIO,H’ = Ph,IO-OH + 10’; + OH’, 
or, more strictly, since the product is present as a dissolved salt of sodium, barium, etc., 
2PhIO,H’ = Ph,IO-O’ + 10,’ + H,0. 


The general theory of this change is undoubtedly that it is an addition of the same kind 
as that just put forward for Meyer and Hartmann’s reaction, and was, indeed, before us 
in the somewhat complex task of elucidating the facts (g). To the I>O dipole of one 
iodoxybenzene molecule are added the Ph and the IO, of another. The total change 
undergone by iodoxybenzene in the two consecutive reactions in cold dilute alkali 
(iodoxylate-formation being the first) is : 


2PhI10, + OH’ = Ph,IO-OH + 10,’. 


The new compound, diphenyliodyl hydroxide, is a stronger oxidising agent than the 
parent substances (for details, see Data, g, and Methods), and it is readily reduced by 
sulphur dioxide, by hydrogen peroxide, by neutral or acidic aqueous iodides, and even 
by dilute hydrochloric acid, to salts of diphenyliodonium hydroxide. A typical equation is : 


Ph,IO-OH + 3HI = Ph,I-I + I, + 2H,0. 


This is the origin of the iodonium salts familiarly obtainable from (but, as is now seen, 
not as such present in) alkaline solutions containing iodoxy-compounds, on treatment 
with any of the reagents just named; and it explains the qualitative results found by 
Willgerodt (1896, Joc. cit.) in the action of iodoxybenzene with barium hydroxide or with 
boiling aqueous potassium iodide. With the latter reagent the alkali needed to form an 
iodyl compound is, of course, initially furnished by a part of the material undergoing the 
ordinary reaction PhIO, + 2KI + H,O = PhI + 1,+ 2KOH, and the sequence of 
changes just described then proceeds. 

Diphenyliodyl hydroxide is amphoteric (like its formal analogues the phosphinic and 
arsinic acids). It dissolves in alkali, and behaves as an acid to phenolphthalein, not so to 
methyl-orange; and it has been isolated as an impure, not very stable, amorphous solid, 
which forms a moderately stable, amorphous carbonate and a stable, well-crystallised 
acetate (g, iii); its salts with the stronger acids seem to be less stable. The last fact, 
which at first sight seems anomalous in an amphoteric substance, is because the “ salts ”’ 
with acetic and carbonic acids are actually not ionic, but are co-ordinated ring-compounds 
such as Sidgwick (cf. Ann. Reports, 1933, 114) has shown various carboxylic compounds 
to be; whereas the radicals of more powerful acids, being strongly anionic, do not so 
readily undergo chelation or, in Werner’s sense, co-ordination, and their diphenyliodyl 
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salts are therefore exposed to hydrolysis with consequent decomposition of the unstable 
hydroxide. The relative stabilities of the “salts,” due to the ring-formation, may be 
illustrated by the fact that the carbonate is only slowly affected by cold 5N-sulphuric acid, 
whereas it effervesces briskly with cold N-acetic acid, liberating all its carbon dioxide as 
it forms the still more stably co-ordinated acetate. Again, although the active oxygen 
of the diphenyliody] radical releases iodine from an added iodide even in a borax medium, 
this reduction is especially slow when the acetate is tested. The composition and the 
physical and chemical properties of the acetate (g, iii) are well represented by the formation 
and structure shown in (VII); the alternative unsymmetrical structure (VIII), while it 
cannot on present evidence be dismissed, is open to obvious criticisms. We propose to 
report other work on these compounds in a separate communication. 
/EHs 
Ph O+>H—O Ph O—C 
(VIL.) >C—-CH, ‘¥ So (VIIL.) 


Ph Ph O—-H 
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The prolonged action of cold dilute alkali upon iodoxybenzene, or the rapid action of 
N-alkali at 100°, leads most notably to a hydrolysis which forms iodate and benzene (h). 
Whilst we have reason to think that this hydrolysis occurs by way of the formation and 
subsequent decomposition of iodyl compounds, so that its products are accompanied by 
other substances, it can ultimately be expressed 


C,H;10, + NaOH = NalO, + C,H,. 


The literature shows several other iodoxy-compounds whose alkaline hydrolysis has been 
examined, and all of them yield IO,’ and RH; for examples, 0-iodoxybenzoic acid (Hart- 
mann and V. Meyer, Ber., 1893, 26, 1727), p-iodoxynitrobenzene (Vorlander and Biichner, 
Ber., 1925, 58, 1291), iodoxychloroethylene (Thiele and Haakh, Amnalen, 1909, 369, 132). 
In these cases the neighbourhood of other substituents might have been supposed to loosen 
the iodoxy-group; no such factor enters with iodoxybenzene, and it is therefore apparent 
that the iodoxy-group is “labile” in alkali and that its iodine atom is positive towards 
the organic residue. This is fully in harmony with the reactions already discussed, and 
with the fact, shown by Victor Meyer and Hartmann, that o-iodoxybenzoic acid is a 
powerful acid. That the corresponding iodoso-acid is extremely feeble was ascribed by 
Meyer to internal ring-formation, with which view Willgerodt agreed. That it yields 
salicylate and not benzoate when boiled with alcoholic sodium hydroxide (Askenasy and 
V. Meyer, Joc. cit., p. 1363) appears prima facie at variance with the polarity of the I—O 
group as shown by our work, until it is realised that iodyl compounds, even when the 
iodyl group is in a chelate ring, are easily reduced by hot alcohol to the iodo-compounds ; 
that o-iodobenzoic acid is capable of alkaline hydrolysis to salicylic acid (Hans Meyer, 
Beer, and Lasch, Monatsh., 1913, 34, 1669); and that Askenasy and V. Meyer actually 
noted the presence of aldehyde and of iodobenzoic acid in their experiment. In the absence 
of alcohol no such hydrolysis was found by these authors. 

The hydrolysis of an iodoxy-compound to iodate and hydrocarbon—a type of reversed 
nitration—is to be connected with the fact that an iodite ion 10,’ is not stable, whereas 
the iodate ion IO,’ is, and so can separate from a hydrated diphenyliodylate ion, 
Ph,IO(OH),’, leaving the components of benzene. The same instability of the anion 
X’ and stability, of the anion XO’ may also be seen to determine the kindred hydrolyses 
RX + OH’ = XO’ + RH which occur in alkaline fusions where X = HSO,, PhSO,, 
P(OH),, PO,, RPO,H, B(OH), (Beilstein; Ainley and Challenger, J., 1930, 2171; and 
especially Ingold and Jessop, 1bid., p. 708). The same type of hydrolysis can also occur 
even where X’ is a stable anion as well as XO’, given suitable media; examples are shown 
where X = SO,H (steam and sulphuric acid on benzenesulphonic acid), halogen (‘‘ positive 
bromine,” ¢.g., in bromogallic acid, as Dr. G. H. Christie informs us, and in other cases), 
CO,H in the ordinary alkaline fusion of carboxylates, and AsO,H, in the alkaline fusion 
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of arsanilic acid. When, however, a hydrolysis of RX can produce a simple anion X’, 
and consequently a phenol ROH, this tends to be the preferred alternative; it seems to 
be the sole mode of hydrolysis with X = NOg,, and occurs in alkalis with X = SO,H, 
halogen, and (when R = C,H;) with AsO,H,. For X = CO,H, this type of hydrolysis 
has to be sought outside the aromatic series, and occurs where R = Ar,C, Ar,RC (for 
references cf. Houben-Wey], ‘‘ Methoden,” 1923, III, 60—61) and R-CO, including also oxalic 
acid; the hydrolytic medium being in each case concentrated sulphuric acid, the free 
anion CO,H’ is represented by carbon monoxide. In general, the question whether 
hydrolysis of RX eliminates the anion XO’, leaving RH, or eliminates the anion X’, 
leaving ROH—and, it may be added, the converse question whether the acid HOX can 
“ nitrate ’’ RH to RX—all depend upon how far (a) the medium, helped or restrained by 
(b) the organic radical R, can bring out in the atom or group X a positive (kationoid) 
character; and these correlations may be considered in the light of the work of Lapworth, 
Robinson, Ingold, and their associates. 

All the facts so far stated concerning the iodoxy-group show it as very strongly kationoid 
(or, in Lapworth’s term, acylous). This in turn suggests, according to the principle of 
Vorlander and the theory of the authors just named, that the iodoxy-group should be 
meta-orienting to a new substituent. The hitherto unexceptionable empirical rule of 
Hammick and Illingworth (J., 1930, 2358) would, on the contrary, predict it as ortho- 
para-orienting, since iodine is in a later Periodic Group than oxygen; the case is thus a 
crucial one for this rule. No substitution had hitherto been directly effected in any 
iodoxy-compound, despite attempts by Willgerodt, Vorlander, and others, and the com- 
pounds are well known to be unaffected by the free halogens often used in their prepar- 
ation—facts which suggest rather the sluggishness caused by meta-directing groups than 
the reactivity caused by most ortho-para-directing groups. The peculiar ease with which 
p-iodoxynitrobenzene is hydrolysed (Vorlander, 1925, loc. cit.) is also significant, but 
cannot be stressed, since we have observed qualitatively that the m-isomeride also very 
easily yields nitrobenzene and iodate. We have succeeded in nitrating iodoxybenzene, 
mainly by choosing an acid indicated as appropriate by our work on the nitration of nitro- 
benzene (J., 1933, 105; 1934, 1352), and by guarding against the presence of nitrous acid, 
which reduces iodoxy- to iodo-compounds and so gives misleading orientations. We find 
that not less than 98-6% of the substance undergoes mononitration, and the product is 
about 99-5°% meta- (j). Under the same conditions nitrobenzene yields about 9% of o- 
and #-isomerides, 91°% of m-; and iodobenzene yields a mixture of p-iodonitrobenzene 
with some iododinitrobenzene (probably 1 : 2: 4), but no appreciable m-iodonitrobenzene. 

These results show that the meta-directing influence of the iodoxy-group (in acid 
media) is on a par with that of free aromatic ammonium and similar cations. It is also 
seen that the principle of Vorlander and the theory of Lapworth and Robinson and Ingold 
have led to the correct prediction. The rule of Hammick and Illingworth, however, as 
to the directive effect of groups XY is valid only so far as it may ‘correctly imply which 
elements, X, in the Periodic Classification are positive to which other elements Y; it 
fails when, as in the case of — XY = — IO,, X can be said to gain more of positive character 
from being in a later Period than of negative character from being in a later Group. 

The very strongly dipolar character of the iodoxy-group IO,, which is inferred from 
and underlies every reaction here discussed, and which appears to place it at the head of 
the kationoid groups, is the natural consequence of the fact that iodine has a higher atomic 
volume and a higher atomic number than any other non-metailic element. 


EXPERIMENTAL. 
Data.—(a) The solubilities of iodoxybenzene in water are : 
TINE... ‘ncenervccvssioprecngerede 0° 14° 40° 61° 83° 99° 
Millimols. /litre ............++. 10-1 11°6 18°3 27°8 40°0 49°7 


(The last two values have been corrected by about a unit for a slight gradual decomposition 
at high temperature, detectable by the conductivity and assumed to be of the kind which 
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occurs in alkali.) No change of solid phase was observed throughout the temperature range, 
and the curve is smooth. 

The solubility of iodosobenzene in water at 15-7° is 3-7 millimols. /litre. 

(b) A saturated solution of iodoxybenzene in water comes to equilibrium with the solid 
and pure ice together at — 0-017° + 0-001°, its concentration (see a) being 0-010 molar. The 
technique needed for the measurements is described under ‘‘ Methods.’’ The only previous 
measurement of the molecular weight of iodoxybenzene is that of Mascarelli and Martinelli, 
using anhydrous formic acid (Atti R. Accad. Lincei, 1907, 16, i, 183); low values were obtained, 
evidently due to salt formation—cf. (d) below. 

(c) Diphenyliodonium periodate was obtained by mixing equivalent aqueous solutions of 
its free base and its free acid, the former made from the iodide and silver oxide, the latter from 
dilute sulphuric acid and barium periodate, which in turn was made by igniting barium iodate 
(Rammelsberg, Ber., 1869, 2, 1869). The compound forms large tabular crystals, nearly 
colourless, m. p. 129° (decomp.); its molar solubility at room temperature is several times that 
of iodoxybenzene. Our preparation, fully analysed, had the composition and the quantitative 
reactions of (C,H,),I*IO, 91-3 mols., with possibly an orthoperiodate R,IO, 3-6 mols., and 
with iodate (C,H;),I*IO, 5-0 mols. (the last-named being derived from the original barium 
iodate). Its liberation of iodine from an added iodide in saturated aqueous borax (charac- 
teristic of periodates) is alone enough to differentiate it from iodoxybenzene; also, it dissolves 
quietly in concentrated sulphuric acid, in which iodoxybenzene explodes; and it is not unstable 
in dilute alkali solution. : 

(ad) The solubility of iodoxybenzene in quite dilute sulphuric acid differs little from that in 
water at the same temperature, but when iodoxybenzene is treated with acid of composition 
H,SO,,2H,O a visible change occurs, without evident dissolution. Under the microscope, 
each needle is seen to waste and then suddenly to sprout into brushes of other needles. Several 
grams of the product were freed from adherent acid with a porous tile or by washing it with dry 
ether; and analyses gave PhIO, : H,SO, = 1: 0-93, 1: 0-90 mols.; undetermined (moisture), 
1-9 and 3-0% by wt. The compound is colourless; it has m. p. 127° (decomp.), is insoluble 
in ether, chloroform, or benzene, and in water it is resolved into its components. In sulphuric 
acid slightly more concentrated than H,SO,,2H,O it decomposes during 2—3 days at 0°, forming 
a little of (apparently) an iodophenyliodonium sulphate and some resinous matter; in still 
more concentrated acid it chars, and explodes in concentrated sulphuric acid. 

Treated under the microscope with perchloric acid of constant b. p. (approx. HClO,,2H,0), 
iodoxybenzene shows the same striking change, though the crystals differ from those formed in 
H,SO,,2H,O; the same is found with nitric acid (approx. HNO,,2H,O); syrupy phosphoric 
acid gave slight indications, while acetic acid did not seem to cause this change, nor did its 
anhydride. Hydrochloric acid cannot be tested, as it reduces iodoxybenzene. About a gram 
of the perchlorate was easily isolated, but it detonated with extreme violence while being 
spread, still damp, on a porous tile, causing personal injury, and so was not analysed. 

(e) lodoxybenzene, in contrast with iodosobenzene, is much more readily soluble in aqueous 
alkali than in water. Eventually this is connected with the irreversible changes described in 
(g); but in the first place it is due to a reversible salt-formation. The results now described 
are obtainable only by’ completing the tests within a few minutes of the dissolution of iodoxy- 
benzene in alkali, at Q—12°; they are not true of any later tests. 

(i) Dilute alkali dissolves readily about 1 mol. of iodoxybenzene for every 2 equivs. of 
alkali. With 0-1N-sodium hydroxide, for example, this means a solubility five times that 
in pure water; with N-sodium hydroxide, the ratio exceeds 50:1. The solutions are colour- 
less, with a very faint turbidity. The solute can, like iodoxybenzene itself, be reduced to 
iodobenzene by sulphur dioxide or by acidified sodium iodide solution; and the iodonium and 
iodate radicals are absent, or else barely detectable. Neutralisation by carbon dioxide causes 
a slow but nearly quantitative precipitation of crystals which, when dried, prove to be pure 
iodoxybenzene. -, From their first deposition to their final desiccation individual crystals show 
no change microscopically, hence they were not hydrated when wet. These various observ- 
ations prove the initial reversibility of the dissolution. 

(ii) When the fresh alkaline solutions are titrated with acid, no loss of alkalinity is found, 
either with methyl-orange as indicator or with phenolphthalein. But rapid measurements 
of electrical conductivity in solutions from 0-1N- to 0-025N-sodium hydroxide show a marked 
fall from the values for the aqueous alkali alone. From these measurements, the mean mobility 
at 18° of all the anions present, in solutions made with 2NaOH : 1PhIO,, is found to be close to 
100 units (assuming the only cation present to be Na’). It is known that the mobility of OH’ 
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is about 160 and that those of any other possible anions are 30—40 units. It follows, since 
100 is the mean of 160 and 40, that about one-half, and not less, of the original hydroxyl ions 
are still present as such. Hence, since practically all the iodoxybenzene owes its dissolution 
to the alkali, one OH’, and only one, unites with each formula-weight of iodoxybenzene to form 
the new anion. The double proportion of alkali needed for the dissolution of iodoxybenzene 
must therefore act in virtue of its suppressing a reversal of the action. 

(iii) While these conductivities establish the ratio OH’ : PhIO, in the new anion, they cannot 
decide whether this ion is simple and univalent or is polymerised and multivalent ; this question, 
which bears upon structural problems, was settled by measurements of freezing point. These, 
done with a Beckmann technique, and repeated more than once, prove that the freezing point 
of 2 mols. of 0-098N-sodium hydroxide is scarcely altered when 1 mol. of iodoxybenzene is 
freshly dissolved in it (Found: — 0-312° before dissolution, — 0-305° after dissolution; the 
small difference, 0-007°, is only about one-eighth of that which a doubly polymerised anion 
would give). Hence, with a possible reservation as to a small fraction, each newly-formed 
anion takes the place of only one hydroxyl ion; and since it has also been shown to contain 
1PhIO, per OH’, it is unpolymerised and univalent. 

The initial reaction is thus proved to be PhIO, + OH’ == (PhIO,°OH)’. 

(f) A detailed scrutiny of the mobilities already mentioned shows that with increasingly 
dilute solutions containing 2NaOH : PhIO, the mean anionic mobility increases (95, 98, 102 
units in 0-1N-, 0-07N-, 0-05N-sodium hydroxide). This implies an increasing reverse decom- 
position of the phenyliodoxylate ion, when the known mobilities of OH’ are taken into account ; 
and adopting, as is legitimate, probable values for the mobilities of the phenyliodoxylate ion,’ 
the simple principles of mass action show that the above data would approximately correspond 
with a salt of an acid of ionisation constant not far from K = 10“. It was found that when 
a freshly made iodoxylate solution in N/10-alkali was saturated with carbon dioxide, the con- 
ductivity of the liquid, measured before any iodoxybenzene had time to recrystallise, was not 
appreciably different from that of the sodium bicarbonate solution formed. Hence there 
appears to be no salt of any more strongly acidic aci-form of (hydrated) iodoxybenzene as a 
transient product of neutralisation. It was also found, by Mr. D. Dickinson of this laboratory, 
that at 25° a saturated solution (0-014M) of very pure iodoxybenzene, washed to constancy 
with purified water, had a specific conductivity exceeding that of the water by not more than 
0-9(+ 0-2) x 10° ohm. Disregarding any further corrections, this value gives an apparent 
molecular conductivity of 0-6 unit, which would be that of a monobasic acid of K = 10°. 

(g) (i) In aqueous sodium or barium hydroxide of concentrations from 0-025N upwards, 
the initial iodoxylate wholly decomposes within a few hours at 0—15°, the change being quicker 
in the more concentrated alkali solutions. The alkalinity to phenolphthalein (but not that 
to methyl-orange) falls, towards a steady value; iodoxylate or iodoxybenzene can no longer 
be found, the solution contains iodate, and the addition of sodium iodide precipitates Ph,I°I, 
and sets free iodine. Moreover, a liberation of iodine from sodium iodide occurs not only on 
acidification but also after neutralisation and saturation with borax—an oxidation which 
IO,’, iodoxybenzene, and iodoxylates will, as we have proved, not perform. Methods of analysis 
having first been worked out and tested (see Methods), a number of systematic series of tests, 
with samples taken at intervals, were made at 25° with a range of dilute alkali concentrations 
up to 0-2N ; in each sample were independently measured OH’ (with methyl-orange), PhIO,°OH’, 
IO,’, Ph,I°, the iodine-liberating oxygen both in acid and in saturated borax, and free PhI 
(if any). For each time-interval in each series a ‘‘ balance-sheet ’’ was made for the atoms or 
radicals and for the presumed cations and anions. The data and the studies subordinate to 
them fill too much space to be quoted here; they may be focused into the statement that, 
of 2 mols. of initial iodoxybenzene, between 90% and 100% is, after a few hours in dilute alkali, 
analytically represented by 1 mol. of diphenyliodonium iodate, together with 1 atom of oxygen 
which sets free iodine in a borax medium. (In later stages the yields of Ph,I° and O diminish, 
and more rapidly do so in concentrations of OH’ above 0:2N.) A summary equation at this 
point is therefore 2PhIO, = IO,’ + Ph,I°+ O*. The analytical data, however, always showed 
an excess of Na* + Ph,I° over OH’ (to methyl-orange) + IO,’; also the decrease of alkalinity 
towards phenolphthalein, discovered afterwards, is not explained by the equation, though 
this is true as far as it goes. The supposition was made that the substances determined as 
Ph,I° were being converted into it only during the analysis, not before; and the whole of the 
facts fell into line quantitatively when the nature of the borax-active oxygen, marked O* in 
the equation, was independently followed up. 

(ii) The proof of the source of the “‘ active oxygen,” which obviously forms part of some 
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molecule or ionic radical, was lengthy, but must be sketched, as being essential evidence. 
Apart from hypothesis, the known substances which could a priori be present and which would 
satisfy the test of oxidising iodides in water saturated with borax are iodosobenzene (a frequent 
precursor of Ph,I°), periodates, iodites (if they exist), hypoiodites, ozone (a known product 
of the decomposition of periodates), and possibly some peroxides, or a ‘‘ peroxyiodate.”’ Of 
these, each in turn has been proved by direct experiment to be absent; briefly as follows. 

The active oxygen is not that of iodosobenzene, for on reduction of the liquor with added 
sodium iodide, no iodobenzene is formed. This was proved by benzene-extraction of the re- 
duced liquor, followed by a Stepanow analysis of the extract, and by controls which showed 
that when iodosobenzene in the required amount is put into the liquor, the method duly dis- 
covers at any rate 90% ofit. Periodate (whose production would satisfy the summary equation) 
is absent; for excess of barium hydroxide added to the alkaline liquor, or excess of barium 
acetate added to the neutralised liquor, precipitated only barium iodate, which was analysed. 
(When, in control experiments, periodate, KIO,, is put in, it is duly precipitated fully as barium 
periodate in this treatment.) The filtrate from the barium iodate contained all the borax- 
active oxygen, and set free practically the same amount of iodine from added sodium iodide 
in a borax medium as it did in an acidic medium. (The latter fact excludes the possibility 
that a soluble barium periodate might be present.) lIodites and hypoiodites are absent, 
for the original liquor did not form free iodine on being acidified. This evidence cannot be 
discounted by presuming the countervailing presence of phenol (e.g., from the alkaline decom- 
position of iodonium salts); for phenol, as we verified quantitatively, takes up no iodine in 
acidic media, whilst had it been present it would have wholly prevented the iodometric detection 
of the active oxygen in a borax medium. Direct search for it gave negative results; and again, 
the iodine ‘‘ balance sheet ”’ left no room for iodophenols. Ozone is absent; it cannot be 
smelt in the liquors; and the aspiration of pure air through them for many hours did not carry 
off any gas that set free iodine on passing through Geissler bulbs containing sodium iodide 
solution, nor did it appreciably diminish the titre of active oxygen in the liquor. That ozone, 
if present, would have been carried off in the air-stream is shown by converse tests in which 
we passed ozonised air through a solution of sodium iodate and analysed the resulting liquor; 
this had retained only traces of active oxygen from the ozone passed through it, and even 
these traces were present in the form of ordinary periodate, precipitable with Ba™ and duly 
determined. Finally, saline peroxides of Na’, Ba”, Ph,I°, or H° are absent, as also any such 
compound as a peroxidised iodate; for titanium sulphate (of measured sensitivity to hydrogen 
peroxide) produced not the slightest tint when added to the acidified solution, whether before 
or after the IO,’ had been precipitated as barium iodate. 

The exclusion of all the known possibilities by these experiments left as the only explanation 
that the active oxygen atom belongs to a compound of new type; namely, one which yields 
the iodonium radical when reduced, by the addition of the sodium iodide used to precipitate 
Ph,I-I from the solutions : in short, a substance Ph,IO*OH or its hydrate Ph,I(OH),. This was 
finally proved true, by the eventual isolation and study of the substance and its derivatives 
(see below); and the equation given in the text expresses all the analytical data. 

(iii) Finely sieved iodoxybenzene (1 mol.) is dissolved at 0° in N-sodium hydroxide (2 
mols.) ; after 1} hours at 0° the precipitate of sodium iodate is filtered off and the filtrate, still 
kept at 0°, is saturated with carbon dioxide; a creamy solid then forms, diphenyliodyl carbonate, 
the weight of which, after it has been washed with ice-cold carbonic acid and dried in a vacuum, 
is one-half that of the initial iodoxybenzene. The washed precipitate may alternatively be 
treated, without being dried in a vacuum (during which process it tends to decompose slightly), 
with glacial acetic acid, whence on dilution diphenyliodyl acetate crystallises; this can further 
be recrystallised from benzene, forming orthorhombic prisms. The use of other concentrations 
of sodium hydroxide, or of potassium or barium hydroxide, or the use of other neutralising 
agents than carbon dioxide, has given us poor yields or none at all. 

The acetate has the composition (C,H;),I(OH),O*CO*CHs, as shown by : 


Found, %. Calc., %. Found, %. Calc., %. 

75:2, 74°3 75°1 45°2, 44°7 44-92 

4-21, 4-28 4-28 4:66, 4°36 4-04 
12°5, 12°15, 11°45, 12°25 11°50 34-0, 34°25, 33-0, 33°6 33-93 


(Figures in italics are of micro-analyses made by Dr. G. Weiler.) 


It is not appreciably soluble in water, very sparingly in ether, moderately in cold benzene, 
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chloroform, carbon tetrachloride and freely soluble in these at higher temperatures, soluble 
in glacial acetic acid, and soluble in but decomposed by alcohol or acetone. The m. p. (decomp.) 
is 114°, but is sensitive to slight impurities, 109° and even 100° being found in different prepar- 
ations. The compound gives a weakly alkaline reaction to litmus paper owing to its reduction 
by the litmus. For its quantitative reduction to diphenyliodonium, see ‘‘ Methods.”” Other 
reactions are given in the text and in (h) below. 

(hk) Ilodoxybenzene is refluxed for an hour with excess of N-sodium hydroxide; an oil is 
then steam-distilled over, which on fractional distillation yields benzene, identified by its b. p. 
and by the m. p. of its dinitro-derivative both alone and mixed with m-dinitrobenzene. The 
active oxygen found iodometrically in the residue exceeds that of the original iodoxybenzene. 

Similar results, qualitatively sufficient to account for these, are obtained if diphenyliodyl 
acetate is boiled with N-sodium hydroxide; and the active oxygen after the hydrolysis is 1-5 
times its initial value, this increase being due to the production of iodate (independently deter- 
mined by Ba” precipitation). The formation of benzene and iodate is accompanied by less 
simple reactions, an account of which is postponed to a later note. 

(7) Nitration of iodoxybenzene. The acid is H,SO, 60 mols. %, HNO, 20, H,O 20, the high 
sulphuric content of which minimises the formation of nitrous acid and at the same time pro- 
motes nitration in general. Before use, in order to remove initial nitrous acid, 0-1N-permanganate 
is added to the acid until the faintest pink persists (in our experiments, about 1 c.c. per 100 c.c. 
of acid). At room temperature, about 2 g. of iodoxybenzene in very small portions are ground 
with enough acid, fresh for each separate portion, to ensure instant immersion (otherwise flares 
occur) and complete dissolution (which takes 7—10 mins.); these requirements involve a 
considerable excess of the acid, in the aggregate about 50 c.c. for 2 g. of iodoxybenzene. The 
first effect of the addition is visibly to form salts of iodoxybenzene; and an alternative pro- 
cedure is first to make and isolate the compound PhIO,,H,SO, as described in (d), and then to 
nitrate this. The results are the same, but the latter mode is better, as the material can be 
mixed fairly quickly with the nitrating acid and shaken until the liquid is clear. Diluted with 
100 g. of pure ice, the liquid deposits crystals of m-nitroiodoxybenzene, which are washed wholly 
acid-free with water, and then with ether to extract a little m-iodonitrobenzene which is formed 
by the traces of nitrous acid unavoidably produced during the nitration. The liquors and 
aqueous washings (300—350 c.c.) are extracted with alcohol-free chloroform for the same 


purpose; they also contain dissolved nitroiodoxybenzene, which cannot be extracted but is 
determined iodometrically, and the reduction product so obtained, or alternatively with 
hydrogen peroxide, or with sodium iodide solution followed by barely enough dilute sulphurous 
acid to remove free iodine, is collected and, without recrystallisation, is identified by chemical 
and thermal analyses. A similar reduction, applied quantitatively to the main yield of iodoxy- 
compound, enables this also to be fully identified. The final and most exactly studied experi- 
ment gave, from 2-13 g. of iodoxybenzene : 


Product. Impurity, %. G. Equiv. PhIO,,g. Yield, %. 


m-LO,gCeH NOg Cryst. ......ccccscccccecersccvees < 07 ‘ 1:70 80-0 
m in soln. c 0°20 9°6 
m-I-C,H,’NO, extracts 0-20 0°19 8-9 


2°09 98°5 


Such reduction by nitrous acid as had occurred during the nitration had followed, not pre- 
ceded, the act of nitration of iodoxybenzene; for had it taken effect upon this, forming iodo- 
benzene, the nitration product of the latter would not have been 97% m-iodonitrobenzene 
but a very different mixture, of high m. p., of the p-isomeride with some iododinitro-compound ; 
this we proved by nitrating iodobenzene under conditions exactly identical with those used for 
iodoxy benzene. 

Thermal data. The iodonitrobenzenes melt at: p-, 173°; o-, 54°; m-, variously given 
from 38-5° (Caldwell and Werner) to 34-6° (Holleman), and there is a metastable form, m. p. 
10° (Steinmetz). Our value is given below. The eutectics are: po-, ca. 46°, 5% p- (Holleman) ; 
pm-, 32-5°, ca. 4% p- (our value), each 1% of the p-compound lowering the m. p. of the m- 
compound by about 1-3° to the eutectic, and raising it steeply thereafter. 1: 2 : 4-Iododinitro- 
benzene has m. p. 88-5° (Korner). 

Our technique was essentially that described in J., 1934, 1357, all samples being internally 
stirred. The temperature first given is that at which the earliest signs of dampness (i.¢., of 
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a eutectic) were seen, the next is that at which any marked liquidation set in, and the final 
temperature is the true m. p., when the last crystals liquefied. 


. m-I-C,H,-NO, from m-nitroaniline, fractionally recryst. ..............+006 33°0°—35°5°—37-0° 
. (1) after sublimation at 100° and 3 mm. 36°6 —37°1 —37°9 
. Reduction product of 10,°C,H,-NO,, main yield 35°0 —36°3 —37°2 
. Mixture (1: 1) of (2) and (3) 35°0 —36°6 —37°4 
. Reduction product of I0,°C,H,*NO, in soln. in liquors 33°0 —33°7 —34°4 
. I-C,H,NO, extracted from main yield with Et,O 29°0 —32°5 —33°5 
. Nitration product of PhI 27° ?—(47°)—84.—110 —153 
. Mixtures of (2) or of (3) with (7), or with o-I-C,H,*NO,, were oils at 15° 


Chemical analyses. The iodometric equivalent weight of nitroiodoxybenzene, the main 
yield, was 70-1 (calc., 70-25). Microchemical analyses by Dr. G. Weiler gave : 


, H. I. N. 
No. (3) above 1°72 50°75 B74 = CoHy als g:Nuga(On.) 
Calc., I-C,H,NO, 168. | OO0B OO © icent oer be 
No. (7) above 1:71 51-39 630 = CoH yal igoNuas(Ors) 


Combustions of nitroiodoxybenzene itself were found to be affected by unavoidable explosions. 
It detonated at 213°. 

Methods.—General. All stoppers and exposed joints must be of glass, and only sintered 
glass filters are used, so as to avoid decomposing the strong oxidising agents encountered. 
The use of oxidisable solvents and dehydrators such as alcohol, acetone, etc., has to be avoided 
except where reduction is actually intended. Most of the analytical and other reactions involve 
sparingly soluble substances; an aid indispensable for carrying them out properly is a bicycle 
wheel bracketed to a wall and turned over by a motor 20 or 40 times a minute; to its spokes 
the reaction-tubes, of 20—250 c.c. capacity, are clipped by rubber bands. 

Materials —Iodoxybenzene was at first made by Willgerodt’s method via iodobenzene 
dichloride, alkaline hydrolysis to iodosobenzene, and oxidation of this with hypochlorous acid ; 
this method was replaced by that of Bamberger and Hill (Ber., 1900, 33, 533), slightly modified, 
wherein Caro’s acid converts iodobenzene almost quantitatively into iodoxybenzene. Both 
with this and with iodotoluene we found that the iodoso-compound is an intermediate product ; 
hence excess of the titrated dilute Caro’s acid is used, and the materials are ground once or 
twice during the operation. The product is boiled in water with free steam, which converts 
traces of iodosobenzene into iodoxy- and iodo-benzene and expels the latter. Our material 
was free from detectable impurities, including acid, and gave iodometric analyses showing it 
to be 99-9—100-0% pure. 

Analytical. JIodoxy- and iodoso-benzene are each quantitatively reduced to iodobenzene 
in aqueous acid by added iodides, and the free iodine is titrated; this was Willgerodt’s method, 
confirmed by Victor Meyer, and checked and used by us. With nitroiodoxybenzene, where 
the product of reduction is a solid, the addition of chloroform (freed from alcohol) near the end 
of the titration with thiosulphate ensures a sharp end-point by releasing mechanically engaged 
iodine. Iodosobenzene can be accurately determined in a mixture of iodoso- and iodoxy- 
benzene by reduction at room temperature in water saturated with borax, the iodoso-compound 
alone being attacked, even during 24 hours; 2 hours on the wheel are required to complete this, 
and the free iodine is titrated with arsenite. (In saturated bicarbonate, iodoxybenzene is 
gradually attacked.) Other reducing agents, such as sulphite, are not reliable. As oxidising 
agents, iodoxy- and iodoso-benzene resemble respectively iodates and hypoiodites. 

Unfortunately, iodide is also the only quantitative precipitant we have found for Ph,I°— 
the beautifully crystalline picrate, m. p. 132°, is not sufficiently insoluble, the gelatinous sié/ico- 
tungstate is inconvenient—hence the foregoing iodometric reductions first produce free iodine 
and then, in presence of iodonium or iody] radicals, precipitate a polyiodide; and in the ensuing 
titration this is not quickly convertible into the ordinary iodide, especially in acid media. 
Moreover, in presence of Ph,I°, thiosulphate cannot very accurately be used owing to a decom- 
position of iodonium thiosulphate to aryl sulphide and other products. 

The general method which has been arrived at to overcome these and other difficulties in 
mixed solutions such as we here encounter, is to measure the ‘“‘B” oxygen—that available 
in a borax medium—by mixing the neutralised solution first with excess of borax and then with 
aqueous sodium iodide and a measured volume of 0-1N-arsenite in excess, after which the whole 
is ‘‘ wheeled ” over-night. If iodyl compounds have been present, a strong yellow tint persists 
in the precipitate until their reduction is complete. The unused arsenite is finally back-titrated 
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with 0-1N-iodine. The ‘‘A”’ oxygen—that available in acid media—is measured by “‘ wheeling ” 
for 1—2 hours the solution to which aqueous sodium iodide has been added after acidification 
with sulphuric acid; the liquor, with its precipitate of Ph,I°I;, is then saturated with sodium 
bicarbonate and titrated with arsenite. Some time on the wheel is usually needed to complete 
the decomposition of polyiodide. These methods are scarcely drastic enough for the complete 
reduction of diphenyliodyl acetate, to be later referred to. 

To determine Ph,I", the solution is treated with sulphur dioxide and aqueous sodium iodide, 
and the precipitated iodide after some hours is filtered off, washed carefully with dilute sodium 
iodide solution and finally with acetone, dried in a vacuum without heating, and weighed. 
Water-washing is to be avoided, and acetone-washing to be minimised, owing to the solubility 
of the precipitate; it is much less soluble in sodium iodide solution than in water. 

IO,’ was precipitated by barium acetate or nitrate as its barium salt, which was decomposed 
on the wheel with dilute sulphuric acid and the free iodic acid was then measured iodometrically. 

The total iodine content of every organic compound was determined by Stepanow’s method, 
which proved very reliable. Independent microchemical determinations by Dr. G. Weiler 
are recorded in the data. The anionic iodine of iodonium iodides was determined as silver 
iodide volumetrically or gravimetrically. 

The analytical reduction of solid iodyl compounds is difficult to make quantitatively com- 
plete, owing to their chelation of the active oxygen atom; the sample must first be dissolved 
in dilute sodium hydroxide solution (0-05N) and then mixed with the iodide reagent, and so 
acidified or neutralised as the “‘ A” or ‘‘B” analysis requires. The best reagent for deter- 
mining accurately their available Ph,I° is a solution of hydrogen iodide and sulphur dioxide 
in ether, made by reducing iodine in wet ether with sulphur dioxide. The weighed solid iodyl 
compound in a tared glass filter is thus converted im situ into Ph,I*I, which is washed acid-free 
with dry ether and is vacuum-dried and weighed. For determining acetyl groups, no alcoholic 
reagent is permissible; N- or 5N-sodium hydroxide was used, followed by phosphoric acid as 
in Wenzel’s method. 

For the small depression of f. p. mentioned in (a), 350 c.c. of solution were contained in a 
light Dewar cylinder which bore a Beckmann thermometer and stirrer-guide in its rubber 
bung, and was set in a larger Dewar cylinder packed with ice; and it was essential to enclose 
the whole projecting stem of the thermometer in melting ice up to the readings. A suspension 
of iodoxybenzene being present, fragments of pure ice at 0° were added to the liquid at 0°, 
and the whole was briskly stirred vertically with a wire so coiled as to carry fragments of ice 
up and down with it, equilibrium being thereby readily set up and held within 0-001—0-002°. 
The same method was finally used for the measurements noted in (e, iii); in them, the iodoxy- 
benzene was finely sieved, to help it to dissolve quickly. The electrical conductivities were 
measured in a cell with smooth platinum electrodes; and a portable “‘ Megger”’ instrument 
made by Messrs. Evershed and Vignoles, which we had previously found very reliable and 
convenient, enabled the rapid changes occurring in the solutions to be easily followed with 
enough accuracy for the present purposes. The alternating current at the cell is of frequency 
60, the heating effect is small in a quick reading, and the instrument reads directly in ohms. 
For the conductivity of pure aqueous iodoxybenzene the ordinary bridge-telephone method 
was used. 


Two of the authors (F. E. P., E. R.) owe thanks to the Durham County Council for research 
exhibitions which enabled them to take successive parts in this work, which is being continued. 
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399. The Photochemical Decomposition of Nitrosoisopropylacetone 
and B-Nitroso-Be-dimethylhexane. 
By K. D. ANDERsoN, C. J. CRUMPLER, and D. Lit. HAMmMICcK. 
THE effect of light on solutions of nitrosoisopropylacetone and other aliphatic nitroso- 
compounds was examined by Bamberger (Ber., 1903, 36, 685), who observed that when two 


identical solutions of the colourless bimolecular forms were kept, one in the dark and the 
other in sunlight, the rate of development of the blue colour due to the unimolecular form 





1680 Anderson, Crumpler, and Hammick: The Photochemical 


was slower in the light than in the dark. From this he concluded that light exerted a 
retarding influence on the rate of depolymerisation. Preliminary experiments, already 
referred to (this vol., p. 30), showed, however, that Bamberger’s conclusions are erroneous, 
and that the phenomena he observed are due to decomposition of the blue unimolecular 
form by light at a rate greater than that at which it is produced by depolymerisation. 

We now describe the photochemical decomposition in greater detail. We find that each 
of the substances specified in the title is decomposed by light with a photochemical equival- 
ence of 1 mol. per quantum of light absorbed. We also find that in each case hyponitrous 
acid and its decomposition products are formed, together with mesityl oxide from the 
nitroso-ketone (I; R = COMe), and an unsaturated hydrocarbon, probably a B<-dimethyl- 
hexene, from the nitroso-hydrocarbon (I; R = CH,°CHMe,), in accordance with the 
equation 


1 


a) ” NO H 
EXPERIMENTAL. 


Materials.—Nitrosoisopropylacetone was prepared by oxidation of diacetonamine oxalate 
(Everest, J., 1919, 115, 588) with Caro’s acid by Bamberger’s method (/oc. cit.); m. p. 75-5°. 
A small quantity (0-3 g.) of 8-nitroso-Be-dimethylhexane, prepared by Dr. R. G. A. New (J., 
1932, 742), was available; m. p. 53—54°. The photochemical decomposition of these substances 
was studied in solution in carefully purified benzene; m. p. 5-4°. 

Absorption Spectra.—The absorption spectrum of unimolecular nitrosotsopropylacetone has 
already been recorded (this vol., p. 30). For the other compound the following data were ob- 
tained; D represents the colour density for wave-length 4 at concentration C (g.-mols./1.; 


benzene solution); 7 = 1-95 cm. 

C = 0°035. C= 0°024. 

A. D. A. D. A. D. , m A. D. 
7400 0°486 6950 1635 6550 1°267 6800 1:105 
7300 0-740 6900 1685 6500 1°'211 6700 1:050 
7250 0895 6850 1°700 6400 0°997 6600 0°935 
7200 1047 6800 1665 6300 0°847 6500 0°815 
7150 1:208 6750 1614 6200 0°664 , 6400 0°702 
7100 1345 6700 1°565 6100 0°587 6300 0°587 
7050 1500 6650 1473 6000 0°440 
7000 1552 6600 1:385 5800 0-260 


Graphs of D against 4 show that for each concentration maximum absorption occurs at 4 = 
6850 A., which is 150 A. further into the red than the maximum for nitrosoisopropylacetone. 

A pparaitus.—Apparently, no colour filters are known that will transmit homogeneous light 
at wave-lengths within the range of those absorbed by the two nitroso-compounds. Filters were, 
however, constructed that transmitted a band of red light between 6400 and 7100 A. A parallel 
beam of light from a 500-watt tungsten lamp was passed first through 6-5 cm. of a solution 
containing 40 g. of nickel chloride, 110 g. of ferrous ammonium sulphate, and 15 c.c. of concen- 
trated hydrochloric acid in a litre of water. The amount of infra-red radiation transmitted by 
this filter was found to be negligible. A second filter, 5-2 cm. thick, contained a solution of 
Congo-blue BX and chrysoidine at concentrations of about 1 part in 6,000 and 10,000 parts 
respectively. The absorption data for the two filter solutions, measured at a thickness of 4 cm., 
are given below : 


d. D (Dye filter), | D (NiCI,). d. D (Dye filter). | D (NiCl,). 
7200 0-370 1-355 6700 1-255 1°145 
7100 0-425 1-335 6600 1-655 1:120 
7000 0-485 1-315 6500 2-225 1-120 
6900 0-630 1-285 6400 2-975 1120 
6800 0-875 1-225 6300 — 1-120 


Over 90% of the incident light is absorbed by these filters in series, and they are of use only 
because the photodecompositions of the nitroso-compounds are rapid. The actual amount of 
energy transmitted to the reaction cell, when the lamp was full on, was of the order of 20 x 10-4 
cal. /sec. 
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After passing through the filters, the light was directed by means of a long-focus lens through 
a circular aperture 1 cm. in diameter in a Uralite screen into the reaction cell. 

Kinetics of the Photodecompositions.—The rate of disappearance of the blue nitroso-compounds 
under the influence of light was followed by means of colour-density determinations with a 
Hilger-Nutting spectrophotometer, using light of 4 6000 A. At this wave-length the relation 
between D and C for unimolecular nitrosoisopropylacetone is linear, and for / = 1-95 cm. is 
given by C = 0-0556D. This relation is derived from the following data : 


0°0275 0-0575 0:0814 0°1042 
0-501 1-032 1-465 1-830 
0-0548 0°0557 0:0556 0-0569 


Data showing that for complete absorption the rate of photochemical reaction in benzene 
solution is proportional to the light intensity and independent of the concentration of nitroso- 
tsopropylacetone are given in Table I. They were obtained with a solution of the nitroso-com- 
pound that had been kept in the dark for 12 hours, to ensure complete depolymerisation (cf. 
Bamberger, Joc. cit.), and contained initially 0-085 g.-mol./l. of unimolecular form. During 
Run II, a piece of wire gauze was placed between the filter system and the absorption tube 
containing the solution of nitroso-compound. By means of a standardised thermopile the 
gauze had previously been shown to transmit 38% of the incident light. The absorption tube 
(2 = 1-95 cm.) was shaken at frequent intervals during the runs, and protected from light during 
its transference to and from the spectrophotometer. Each value of D, as in all measurements of 
colour density, is a mean of at least six readings. 


TABLE I. 


Run I. No gauze. 
Time (mins.) 25 50 75 100 125 175 
D CUED Bi) ciciecccicscrscce 1543 1-523 1507 1-490 1-474 1-455 1:421 


Run II. Gauze present. 
Time (mins.) 75 150 225 300 375 
D (6000 A.) 1-543 1-523 1-498 1-482 1-456 1438 


The plots of the two sets of time—colour density data are straight lines, given by D, = 
1-543 — 0-0007/, and D, = 1-543 — 0-000287, respectively, and show that the reaction is of 
zeroorder. The ratio of the slopes of the two lines (II/I) is 0-40; the ratio of the light intensities 
being 0-38, the rate of reaction is thus very nearly proportional to the first power of the light 
intensity. Each run was continued with frequent shaking until about 10% transformation had 
occurred, at which it was found that more than 99% of the light entering the reaction cell was 
still being absorbed. 

Quantum Efficiency.—For the determination of the quantum efficiency of the photodecom- 
position of nitrosoisopropylacetone, the absorption tube previously used was replaced by a flat 
quartz cell of thickness 1-0 cm. and diameter 5 cm. in order to minimise absorption of radiation 
by the sides. For this cell the relation between colour density and concentration was C = 
0-0556 x D x 1-95 = 0-1084D (see above). A solution (15 c.c.) containing 0-130 g.-mol./l. was 
illuminated as before with light of 2 6400—7100 A. for 13 hours, the value of Dgooq falling from 
1-226 to 1-035. This corresponds to the disappearance of 3-10 x 10~ g.-mol. of nitrosoisopropyl- 
acetone. During this experiment the light entering the cell was not completely absorbed, and the 
amount actually absorbed during the run was found by a difference method. The reading on a 
standardised thermopile was noted when the instrument was placed behind the cell containing 
pure solvent (benzene). Readings were also taken at the beginning and at the end of the run. 
The difference between the mean of these readings and the value when solvent alone was in the 
ceil gave 3-21 x 10-* quanta at 6700 A. absorbed during the 13-hours run. The quantum 
efficiency of the reaction is thus unity within the limits of experimental accuracy. 

B-Nitroso-Be-dimethylhexane.—Owing to the small amount of this substance available, it 
was not possible to examine the kinetics of its photodecomposition under conditions of complete 
light absorption. We therefore proceeded as follows. Benzene solutions of nitrosoisopropyl- 
acetone (0-046M) and £-nitroso-Se-dimethylhexane (0-0315M) were kept for 12 hours to ensure 
complete dissociation to the unimolecular forms. Each solution was then exposed, in the 
1-95-cm. tube, to light that had passed through a ferrous ammonium sulphate filter (90 g. in 
300 c.c. of water and 15 c.c. of concentrated sulphuric acid) and a piece of red glass known to 
transmit the lines 6700 A. and 6850 A., which correspond to the maximum absorptions of the 
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two compounds, with approximately the same efficiency. Colour-density determinations were 
in each case made every 10 minutes, at ) 6700 and 6850 A. respectively. Results are given in 
Table IT. 
TABLE II. 
‘Nitrosoisopropylacetone. B-Nitroso-Be-dimethylhexane. 
Time (mins.). De 200: ky. Time (mins.). Desse- hg. 

1-937 —_— 1-520 — 

1°695 0-013 1-300 0-016 

1-509 0-013 1-129 0-015 

1-303 0°013 0°985 0014 

1122 0-014 0-844 0-015 

0-936 0-014 0-708 0-015 

0°802 0-015 0-608 0-015 


For incomplete absorption the rate of photodecomposition should in each case be proportional 
to the amount of light absorbed, and hence to the colour density D; k, and &, are the unimole- 
cular constants calculated from the corresponding values of D. It has been shown that the 
photodecomposition of nitrosoisopropylacetone has a quantum efficiency of unity, and the light 
intensities at the maximum absorption for each solution were approximately the same. From 
the approximate equality of the velocity constants, we can therefore conclude that the photo- 
decomposition of the nitrosodimethylhexane has nearly the same quantum efficiency as that of 
the nitroso-ketone. 

The same conclusion can be derived from the results in a different way. The mean light 
absorption by the ketone solution (3-33 c.c. of 0-046M) over the first 50 minutes of change was 
94-9%%, which is also the mean absorption for the nitroso-hydrocarbon solution (3-33 c.c. of 
0-0315M) over the first 20 minutes. From the fractional change in colour density of the former 
solution we find that 1-48 x 10-* quantum at 6700 A. is absorbed per minute. Assuming that 
energy is absorbed at the same rate during the first 20 minutes of illumination of the latter 
solution, we find that the number of quanta at 6850 A. (maximum absorption) in 20 minutes is 
2-89 x 10°. From the fractional change in the colour density, the number of g.-mols. decom- 
posed in 20 minutes is found to be 2-7 x 10°. 

Products of the Photochemical Decompositions.—A benzene solution of nitrosoisopropyl- 
acetone that had been exposed to light until it was colourless was found to contain mesityl oxide, 
identified as its 2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 192°. Repeated tests 
showed that no combined nitrogen remained in the solution. The effect of light has thus been 
to remove the group NOH from the nitroso-compound. The removal of the group as such might 
be expected to result in the production of hyponitrous acid and its decomposition products, and, 
in fact, the aqueous extract of the benzene solution gave with silver nitrate the characteristic 
yellow precipitate of silver hyponitrite, soluble in acids and reprecipitated by ammonia. More- 
over, during the illumination of the nitroso-solution in a gas burette, a gas was evolved which 
showed no contraction on treatment with water, oleum, caustic potash, or a faintly alkaline 
solution of sodium sulphite, which is an efficient absorbent for nitric oxide (Divers, J., 1899, 75, 
82). Nochange occurred on sparking with hydrogen or oxygen, and the gas was therefore pure 
nitrogen. A similar evolution of nitrogen was observed by Mitchell (J., 1930, 1829) as a product 
of the photodecomposition of humulene nitrosite by red light. 

It has been shown by Ray and Ganguli (J., 1907, 91, 1866) that hyponitrous acid can decom- 
pose in accordance with the equation 5H,N,O, = 2HNO, + 4N, + 4H,O in the presence of 
acid, which probably means that, as hyponitrous acid is a weak acid, it is a reaction of the 
un-ionised molecules. In benzene solution ionisation is certain to be extremely small and the 
production of nitrogen and nitric acid is to be expected. Nitric acid was, in fact, found to be 
present. Nitrous acid was also present in the aqueous extract, and is presumably the source 
of the small quantity of nitric oxide evolved when pressure in the gas-burette is lowered after 
evolution of nitrogen has ceased (cf. Taylor, Wignall, and Cowley, J., 1927, 1923). Nitrous 
acid has been identified as a product of the decomposition of hyponitrous acid by Hantzsch and 
Kaufmann (Annalen, 1896, 292, 317), and a possible equation for its formation is 3H,N,O, = 
2HNO, + 2N, + 2H,O. The volume of nitrogen evolved during the photodecomposition of 
0-1 g. of nitrosoisopropylacetone in benzene solution was therefore measured and found to be 
4-5 c.c. at N.T.P. (mean of three experiments). Simultaneous decomposition by the two 
processes represented by the above equations (8H,N,O, —-> 6N,) would yield 6-5 c.c. at N.T.P. 

The photodecomposition in benzene solution of §-nitroso-fe-dimethylhexane was found to 
give the same products, except that, instead of mesityl oxide, there was found in solution a 





Decomposition of Nitrosoisopropylacetone, etc. 1683 


nitrogen-free unsaturated liquid, which reacted with bromine in carbon tetrachloride without 
substitution and is presumably fe-dimethyl-A*’-hexene, CMe,-CH-CH,°CMe,. Owing to the 
small amount of material available, this hydrocarbon could not be isolated and characterised. 


DISCUSSION. 


The above view that the photochemical decomposition of nitrosossopropylacetone 
depends on the primary elimination of the radical NOH is in agreement with the nature 
of the decomposition products found (mesityl oxide, and hyponitrous acid and its decom- 
position products). Although the experimental data for @-nitroso-Be-dimethylhexane are 
not so complete, sufficient evidence has been obtained to make it probable that it decom- 
poses in an analogous way. In each case the photochemical decomposition has an efficiency 
of 1 mol. per quantum of light absorbed, and it is therefore possible to compare the quantity 
of energy known to be absorbed per mol. of nitroso-compound with the energy required to 
bring about the change formulated on p. 1680. The electronic processes involved in the 


splitting off of NOH are ' | on , and are seen to consist in the rupture of the linkages 
N—0, H 
NA 

-C—H, -C—N-, and 4N—O, and the formation of -C—C- from -C—C- and of -O—H. 
In estimating the energy associated with making and breaking these links, we have taken 
Sidgwick’s values (‘‘ The Co-valent Link in Chemistry,” 1933, p. 119) for C—C from C—C, 
C—H, and O—H. Following him, we have assumed that the heat of formation of the 
double link N—O is twice that of the single link N—O, but have recalculated its value 
from the heat of combustion of ethyl nitrite, viz., 332-6 kg.-cals. (Kharasch, Bur. Stand. J. 
Res., 1929, 2, 339), using the mean, 168-8 kg.-cals., of the two recent determinations of the 
heat of atomisation of nitrogen (Mulliken, Physical Rev., 1934, 46, 144: 168-3 kg.-cals. ; 
Herzberg and Sponer, Z. physikal. Chem., 1934, B, 26,1: 169-3 kg.-cals.). Taking Sidg- 
wick’s values for 5 C—H links, C—C, and C—O, we find 114-28 kg.-cals. for N—O, and hence 
57-14 kg.-cals. for N—O. A similar recalculation of the heat of formation of the link C—N 
from the heats of combustion of methylamine and dimethylamine (259 and 422 kg.-cals. 
respectively; Kharasch, Joc. cit.) yields the value 53-79 kg.-cals. From these and Sidg- 
wick’s values for the heats involved in the rupture and formation of the linkages that occur 
in the process given above for the elimination of the group NOH, we find that an absorption 
of 42-68 kg.-cals. per g.-mol. is required, with an uncertainty of possibly + 5%. 

The energy absorbed by 1 g.-mol. of nitrosoisopropylacetone with an efficiency of 1 
quantum per mol. at the wave-length 6700 A., corresponding to maximum absorption, 
is 42-26 kg.-cals. For the nitroso-hydrocarbon the corresponding value (at 6850 A.) is 
0-93 kg.-cal. less. We can therefore conclude that the light energy absorbed by these 
two nitroso-compounds is sufficient to meet the energy requirement, 40—45 kg.-cals.,* 
of the photochemical decomposition postulated. 

The close agreement between the light energy absorbed and that required for decom- 
position is doubtless fortuitous. The group -C—N—O is characterised by its ability to 
absorb red light, and in the two compounds concerned the energy thus absorbed is just 
sufficient to bring about the elimination of the group NOH. It is unlikely that the con- 
dition for absorption is the ability to undergo this kind of photodecomposition, for other 
nitroso-compounds, e.g., the nitrosobenzenes, absorb red light without decomposing in the 
same way or at anything like the same rate. 


SUMMARY. 


Nitrosoisopropylacetone and 6-nitroso-fe-dimethylhexane are decomposed by red 
light with unit quantum efficiency to give respectively mesityl oxide and, most probably, 


* On the basis of the earlier value (208 kg.-cals.; Sidgwick, op. cit.) for the heat of atomisation of the 
nitrogen molecule, the energy requirement would be 53°6 kg.-cals., which would necessitate absorption 
of quanta at 5280 A. for photochemical decomposition. At this wave-length practically no light is 
absorbed by benzene solutions of either of the nitroso-compounds. 








1684 Note. 


Ge-dimethyl-A*-hexene. In each case hyponitrous acid and its decomposition products 
are produced. The light energy absorbed is shown to be sufficient to supply the energy 
required to eliminate the group NOH from the molecules of the two nitroso-compounds. 
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NOTE. 


The Condensation of Phthalic Anhydride with s.-Octahydrophenanthrene. By E. DE BARRY 
BarRNETT, N. F. Goopway, and C. A. LAWRENCE. 


0-1:2:3:4:5:6: 7: 8-Octahydrophenanthroylbenzoic acid was obtained in 90% yield when 
30 g. of aluminium chloride were added slowly to 19 g. of s.-octahydrophenanthrene and 15 g. 
of phthalic anhydride in 50 c.c. of tetrachloroethane. After being kept over-night and worked 
up in the usual way, the colourless product was recrystallised from anisole; m. p. 200° (Found : 
C, 79-0; H, 6-9. C,,H,,O, requires C, 79-0; H, 6-6%). 

4’ : 5’-Dichloro-octahydrophenanthroylbenzoic acid, m. p. 276° (decomp.) after recrystallisation 
from anisole, was obtained in the same way from 4: 5-dichlorophthalic anhydride (Found : 
C, 65-7; H, 5-0. C,H. 0,Cl, requires C, 65-5; H, 5-0%), but the product from 3 : 6-dichloro- 
phthalic anhydride refused to crystallise. 

When octahydrophenanthroylbenzoic acid was reduced by heating on the water-bath for 
15 hours with activated zinc dust, caustic soda, and aqueous ammonia, it yielded 
@-1:2:3:4:5:6: 7: 8-octahydrophenanthryl-o-toluic acid, m. p. 192° after being recrystallised 
from anisole (Found : C, 82-4; H, 7-7. C,,H,,O, requires C, 82-5; H, 7-5%). When this was 
dissolved in cold concentrated sulphuric acid (10 c.c. per g.), it was cyclised to octahydro- 
1: 2:3: 4-dibenzanthrone, which separated from benzene in pale yellow crystals, m. p. 200° 
(Found: C, 87-4; H, 7-3. C,,H,,O requires C, 87-4; H, 7-3%). On heating with pyridine 
and acetic anhydride, this anthrone gave octahydro-1: 2:3: 4-dibenzanthranyl acetate, which 
crystallised from toluene in yellow needles, m. p. 214° (Found: C, 83-7; H, 7-1. CHO, 
requires C, 83-7; H, 7-0%). 

When chromic anhydride (2-8 g.) in aqueous acetic acid was added slowly to a boiling solution 
of 2 g. of the above anthrone in 50 c.c. of glacial acetic acid, oxidation took place. After 3 
hours’ boiling, the octahydro-1 : 2: 3: 4-dibenzanthraquinone was collected after cooling and 
recrystallised from xylene, forming yellow crystals which melted, after slight sintering, to a 
deep red liquid at 234° (Found : C, 83-3; H, 6-5. C,,.H.» O, requires C, 83-5; H, 6-3%). 

The anthrone (5 g.) was reduced to octahydro-1 : 2: 3 : 4-dibenzanthracene by boiling for 3 
hours with 20 g. of activated zinc dust, 180 c.c. of alcohol, 50 c.c. of water, and 20 g. of caustic 
potash. After being recrystallised from glacial acetic acid (charcoal) and cyclohexane, the 
slightly yellow crystals had m. p. 129° (Found: C, 92-1; H, 7-8. C,H, requires C, 92-3; 
H, 7-7%). 

Attempts to dehydrogenate octahydrodibenzanthracene with selenium and the quinone with 
bromine did not yield any pure product. 


The authors thank Imperial Chemical Industries Ltd., for grants and material and Messrs. 
Howards and Sons, Ltd., for material—Sir JoHn Cass TECHNICAL INSTITUTE, LONDON. 
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400. Sirychnine and Brucine. Part XXXV. Hofmann 
Degradation of Dihydrobrucidine. 


By O. AcHMATowIcz, (Miss) P. LEw1, and ROBERT ROBINSON. 


In the introduction to Part XVII (Achmatowicz, Perkin, and Robinson, J., 1932, 775) 
it was remarked that, although methyl--dihydrostrychnidine (Clemo, Perkin, and 
Robinson, J., 1927, 1589) is identical with dihydrostrychnidine-A (Oxford, Perkin, and 
Robinson, J., 1927, 2389), and methyl-s-brucidine is really neobrucidine, yet methyl-- 
dihydrobrucidine is not identical with dihydrobrucidine (Part V; Gulland, Perkin, and 
Robinson, J., 1927, 1627). 

Further examination of the Hofmann degradation of dihydrobrucidine along the lines of 
Part XXVI (Achmatowicz and Robinson, J., 1934, 581—Hofmann degradation of dihydro- 
strychnidine-A) has shown that methyl--dihydrobrucidine is a true methyl-des-base of 
dihydrobrucidine, and nomenclature on this basis is now preferred in view of the deletion of 
the expressions methyl--strychnidine and methyl-y-brucidine from the literature. 

The most favourable yields of decomposition products were obtained on heating 
dimethyldihydrobrucidinium dicarbonate, and these consisted of (a) dihydrobrucidine, (b) a 
substance, C.,H,,0,Nz, m. p. 169°, recognised as hydroxymethyltetrahydrobrucidine, (c) 
a des-base, C.,H3,0,N,, m. p. 221°, identical with methyl--dihydrobrucidine and now 
termed N(b)-methyl-des-dihydrobrucidine-a, and (d) a des-base, Cy4H3,03Ng, m. p. 133°, 
termed N(b)-methyl-des-dihydrobrucidine-b. This base was isolated in the form of a meth- 
iodide and later obtained by decomposition of the methochloride. However, it was shown 
that the cycle of processes could be repeated. 

Hydroxymethyltetrahydrobrucidine, m. p. 169°, furnishes an O-acetyl derivative which, 
on thermal decomposition, affords methyl acetate and dihydrobrucidine. On treatment 
with methyl sulphate and aqueous potassium hydroxide the base, m. p. 169°, yields a metho- 
sulphate, and the related methiodide decomposes on heating with formation of methyl 
iodide and methoxymethyltetrahydrobrucidine (Part V, loc. cit.). Furthermore, methyl- 
dihydrobrucidinium hydrogen sulphate is obtained on boiling a solution of the base, m. p. 
169°, in 25% sulphuric acid. These facts establish the nature of this product, which 
corresponds to hydroxymethyltetrahydrostrychnidine (Part XXVI, loc. cit.). 

N(b)-Methyl-des-dihydrobrucidine-a, m. p. 221°, undergoes similar transformations to 
those characteristic of the des-base-D * from dihydrostrychnidine-A, and it is unquestion- 
ably analogous in constitution. Its formation in moderate yield from N()-methyldihydro- 
brucidinium salts on heating with methyl-alcoholic sodium methoxide proves that the 
elimination concerns N(b). 

The base contains ‘NMe, but :CMe groups are absent; it is unchanged on attempted 
electrolytic reduction or on attempted catalytic reduction in neutral solutions (benzene). 
Catalytic reduction (palladised charcoal) in acid solution affords, however, two isomeric 
quaternary salts and, after conversion into the iodides, neither salt was identical with 
methyldihydrobrucidinium iodide. 

The analogy with the behaviour of the des-base-D from dihydrostrychnidine-A is evident, 
although the latter substance afforded only one quaternary salt on attempted catalytic 
reduction.f 

As in the case of the des-base-D, the process is accompanied by the absorption of almost 
a molecular proportion of hydrogen, but this does not appear in the composition of the 
products. The best proof of the correctness of our views on this aspect of the reaction is the 
reconversion of the quaternary salt (only one of them in the brucine series) into the des- 
base that constituted the starting point. 

* The capital letters (A, B, C, D, E) used to distinguish isomeric series among the dihydrostrychni- 
dines are not transferred to the dihydrobrucidine series, because they are used to denote isolated isomeric 
dihydrostrychnidines and the isomeric dihydrobrucidines have not yet been isolated. It is thought 
that the use of the same distinguishing letters in the dihydrostrychnidine and dihydrobrucidine series 
might imply relationships not fully proved to exist. 

+ A search for an isomeride will be made. 
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Attention has already been drawn in Part XXVI to the unique nature of this reversed 
Hofmann or Emde reaction under the influence of a catalyst, and the present example 
gives further support to the hypothesis advanced in Part XXVI. 

If the Hofmann scission had been of the form 


OH 
‘NMe—Co—CH— —> :nMe do=d— 


the reconstitution of the quaternary ammonium system should have reproduced the starting 
point, in the form of one of the isomerides, and this was not the case. On the other hand, 
the groups :N Me and :C:C: in some other position can clearly give rise to structurally isomeric 
quaternary salts. The point will be clarified by reference to actual formule. 

In accordance with our views of the constitution of strychnine and brucine these bases 
and their derivatives are substituted y-phenylpropylamines and Hofmann elimination would 
be expected to give rise to substituted isopropenylbenzenes. Thus N(b)-methyl-des- 
dihydrobrucidine-a may well be (I), in which case the quaternary salts obtained from it 
by the agency of a hydrogenating catalyst will be represented by (II) and (III). 
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These substances are designated N(b)-methyldihydrobrucidinium-c (or -d) salts and they 
differ markedly in their relative ease of reconversion into the des-base (I). From the known 
behaviour of the «- and $-phenylethylamine derivatives it may be argued that the methyl- 
dihydrobrucidinium-d salts have the formula (II) and methyldihydrobrucidinium-c salts 
correspond to the expression (III). Attempts to decompose these salts with formation of 
isomeric dihydrobrucidines-c and -d were unsuccessful. 

It will now be clear that the formation of methyl-y-dihydrobrucidine from methoxy- 
methyltetrahydrobrucidine dimethocarbonate (Part V, Joc. cit.) involves a stage of ring 
closure to a methyl (or dimethyl) dihydrobrucidinium carbonate, followed by ring fission 
in a different direction. Highly interesting observations were made in examining the action 
of methyl iodide on methyl-des-dihydrobrucidine-a. Two isomeric dimethiodides were 
obtained, namely, the normal dimethiodide, m. p. 286°, formed as the result of gentle action, 
and the allo-dimethiodide, m. p. 246°, formed when the base is boiled with methyl iodide or 
with methyl sulphate in benzene solution for relatively longer periods. 

The normal dimethiodide yields a dimethochloride which is decomposed by methy]l- 
alcoholic sodium methoxide with formation of methyl-des-dihydrobrucidine-a, m. p. 221° 
(loss of 2Me attached to nitrogen). 

The allo-dimethiodide is a structural isomeride, because the related dimethochloride, 
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treated with methyl-alcoholic sodium methoxide, furnishes a new des-base, C.,;H3,O3Ng, 
m. p. 154—155°. This base contains *N(b)Me, and thus a second stage in the Hofmann 
degradation has been accomplished. It seems that the dimetho-salts of (I) must undergo a 
rearrangement of the ring system or ethylene linking or both, and with formation of the 
allo-isomeride, but speculation as to the nature of the change is useless at this stage. 
Similar results have been obtained on submitting the dzs-base-D from dihydrostrych- 
nidine-A to the prolonged action of methyl sulphate in boiling benzene solution. The 
resulting dimethosulphate affords a new des-base, CggH3,ONg, m. p. 157—159°, on treatment 
with methyl-alcoholic sodium methoxide. The description of this substance and of the 
behaviour of the des-bases towards oxidising agents and further Hofmann degradations is 
reserved for future communication. 

The second des-base, m. p. 133°, namely N(b)-methyl-des-dihydrobrucidine-b, does not 
appear to contain the group /CMe and so it is improbably the brucine analogue of N(6)- 
methylchanodihydroneostrychnidine. The most acceptable view in this case is that the 
des-base is the outcome of a normal Hofmann elimination unaccompanied by migration 
phenomena. The position of the ethylene linkage remains an open question and oxidation 
experiments are in progress. 

EXPERIMENTAL. 

Derivatives of Dihydrobrucidine.—Dihydrobrucidine was prepared in quantity by hydro- 
genation of brucidine in the presence of palladised charcoal (cf. J., 1930, 1771). When brucidine 
was reduced at 65—70° in portions larger than 3—45 g., the volume of hydrogen absorbed was 
invariably greater than that required for saturation of one ethylene linkage and the yield of 
dihydrobrucidine was considerably diminished (from 86% to 40—45%). This must be attri- 
buted to the hydrogenation of the aromatic nucleus (compare Leuchs, Ber., 1935, 68, 91) and we 
have isolated some by-products which seem to be perhydro-bases and are under examination. 

N(b)-Methyldihydrobrucidinium carbonate was prepared by heating an aqueous suspension of 
N(b)-methyldihydrobrucidinium iodide (20 g.) on the steam-bath with a 20% excess of pure, 
freshly precipitated silver carbonate for 2 hours. After concentration of the reddish-brown 
filtrate from the silver salts under diminished pressure, the quaternary carbonate remained as an 
amorphous, deep red, hygroscopic solid; it was freely soluble in water or methy] alcohol and 
exhibited no tendency to crystallise (Found in material dried at 110° in a vacuum: C, 68-5; 
H, 8-0. CygH,,O,N,,CO, requires C, 68-9; H, 7-7%). On treatment with hydriodic acid carbon 
dioxide was evolved and N(b)-methyldihydrobrucidinium iodide, m. p. 298°, obtained. 

N(a)N(b)-Dimethyldihydrobrucidinium dicarbonate was similarly prepared from the corre- 
sponding di-iodide and silver carbonate. The salt is crystallisable with difficulty and it was used 
for the experiments described below after being dried at 105—110° ina vacuum. When a con- 
centrated aqueous solution of this dicarbonate is kept for several weeks in an open vessel, 
a pasty mass of minute greenish needles is gradually formed; this polyhydrate, m. p. 75—80°, 
loses a part of the water of crystallisation over sulphuric acid, affording a hygroscopic hydrate, 
m. p. 190—192° (decomp.), containing 16H,O (Found in material dried over sulphuric acid : 
C, 50-3; H, 8-7; loss at 105—110° in a vacuum, 23-1, 23-3. Cs9H,,0,N,,2CO3,16H,O requires 
C, 50-7; H, 84; 16H,O, 23-4%. Found in anhydrous material: C, 65-8; H, 7-9. 
Cs9H720,N,,2CO, requires C, 66-1; H, 7-6%). On addition of hydriodic acid it evolves carbon 
dioxide and furnishes N(a)N(b)-dimethyldihydrobrucidinium di-iodide, m. p. 286—288° alone or 
when mixed with an authentic specimen. 

Both quaternary carbonates were thermally decomposed, but N(a)N(b)-dimethyldihydro- 
brucidinium dicarbonate gave the more satisfactory results. The action of heat on N(b)-methyl- 
dihydrobrucidinium carbonate gives rise to deep red, gummy products along with small quan- 
tities of dihydrobrucidine, m. p. 172—173° (yield, 15%) and N(b)-methyl-des-dihydrobrucid- 
ine-A, m. p. 221—222° (yield, 5%). 

The Thermal Decomposition of N(a)N(b)-Dimethyldihydrobrucidinium Dicarbonate.—The salt 
(200 g.), dried at 110° under diminished pressure and finely powdered, was cautiously heated 
over a free flame in wide test-tubes in batches of 1—2 g. until the effervescence ceased and the 
product becameliquid. The volatile decomposition products were recognised as carbon dioxide, 
methyl alcohol, and water. After many tedious experiments, and when the properties of the 
decomposition products had been ascertained, the following method for the separation of the 
constituents of the crude mixture was found to be convenient. The brown glassy product was 
tubbed with the minimum quantity of cold methyl alcohol (3—5c.c. for each tube) ; crystallisation 
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began almost immediately and crop (1) was collected after 12 hours. The combined methyl- 
alcoholic filtrates were evaporated to dryness under diminished pressure; the residue rapidly 
crystallised in contact with acetone (200 c.c.) and furnished crop (2). The acetone filtrate was 
concentrated to half its volume and, on cooling, crop (3) gradually separated; the mother-liquor 
was evaporated to dryness (vacuum), the brown solid residue dissolved in warm methy] alcohol 
(150 c.c.), and freshly distilled methyl iodide (10 c.c.) added. This operation afforded crop (4). 
The methyl-alcoholic filtrate was concentrated to half its volume, cooled, and seeded with a 
crystal from crop (4); after being left over-night, it yielded crop (5). The filtrate was mixed 
with small pieces of porous porcelain (150 g.) and evaporated to dryness under diminished 
pressure; the dark brown residue was extracted several times with boiling petroleum (3000 c.c. 
of b. p. 90—110°), and thus resolved into fraction (A), soluble in petroleum, and fraction (B), 
which remained undissolved. 

The petroleum extract containing fraction (A) was concentrated to half its volume under 
diminished pressure and then kept for 2 days in the ice-chest; the solution gradually deposited a 
brownish precipitate (crop 6) containing halogen. The liquid was further concentrated, cooled, 
and filtered from the halogen-containing precipitate, and this operation was repeated until a 
solution free from halogen was obtained. This was evaporated to dryness (vacuum) and the 
pale yellow, residual gum was dissolved in the minimum quantity of boiling light petroleum 
(250 c.c. of b. p. 70—90°); on slow cooling, crop (7) gradually separated as tufts of needles. 
Further concentration of the mother-liquor yielded during 3—4 weeks crops (8) and (9). The 
final mother-liquor was evaporated to dryness (vacuum) and the residue (11 g.) was distilled 
without decomposition at 250—310°/1-5 mm. None of the four fractions collected could be 
induced to crystallise, and they were not further examined. 

The fraction (B) (insoluble in petroleum) was freely soluble in many organic solvents, but not 
in ethyl acetate, and advantage was taken of this property. The crude product (5 g.) was 
dissolved in the minimum quantity of boiling methyl alcohol (10 c.c.) and mixed with hot 
chloroform (15 c.c.), the filtered solution heated to boiling, and boiling ethyl acetate added until 
a turbidity appeared ; on slow cooling, crop (10) gradually separated in large yellowish columns. 
A further small quantity of the same substance was obtained when the mother-liquor was 
evaporated to dryness (vacuum) and the residual gum was crystallised as described above. The 
final mother-liquor, on evaporation to dryness, afforded a gum (fraction 11), from which no 
further pure product could be isolated by direct crystallisation. 

Crop (1) consisted of almost pure N(b)-methyl-des-dihydrobrucidine-a; the pale-coloured 
crude product had m. p. 217—220°, raised to 221—222° after two recrystallisations from methyl 
alcohol (norit) (yield, 45 g.). 

Crops (2) and (3) were separately recrystallised from acetone, and in both cases pure dihydro- 
brucidine (34 g.) was obtained. It was identified by m. p., by mixed m. p. (172—173° in both 
cases), by the power to retain acetone of crystallisation, by conversion into the methiodide, 
m. p. 298°, and by analysis (Found in air-dried material: C, 70-7; H, 8-4; loss at 130° in a 
vacuum, 13-5. Calc. for C,,H,,0,N,,C;H,O : C, 70-9; H, 8-2; C,H,O, 13-2. Found in material 
dried at 130° ina vacuum : C, 72-5; H, 7-9. Calc. for C,,H,,O,N, : C, 72-3; H, 7-9%). 

Crops (4), (5), and (6) consisted of N(b)-methyldihydrobrucidinium iodide (yield, 19 g.). 
Purified by recrystallisation from methyl alcohol (norit) and subsequently from water, it formed 
colourless prisms, m. p. 298° (alone or when mixed with a specimen prepared directly from the 
components) (Found in material dried at 104°: C, 55-1; H, 6-6. Calc. for C,,H,;,0,N,,CH,lI : 
C, 55-0; H, 63%). 

Crops (7), (8), and (9) were repeatedly crystallised from light petroleum (b. p. 70—90°) and 
gave a substance, m. p. 169—171°, which was recognised as hydroxymethyltetrahydrobrucidine 
(yield, 17 g.). 

Crop (10) was recognised as pure N(b)-methyl-des-dihydrobrucidine-b methiodide containing 
a molecule of chloroform of crystallisation (yield, 28 g.). 

The chief constituent of fraction (11) (12 g.) was undoubtedly N(b)-methyldihydrobrucidin- 
ium iodide. The crude product was suspended in water and heated for 3 hours with a large 
excess of silver chloride; the filtrate from the silver salts was evaporated to dryness, and the 
dark gummy residue decomposed by sodium methoxide at 135°; this operation gave dihydro- 
brucidine (2-4 g.), m. p. 172—173°, methoxymethyltetrahydrobrucidine (3-1 g.), m. p. 134—136°, 
and N(b)-methyl-des-dihydrobrucidine-a (1-7 g.), m. p. 221—222° (compare the action of sodium 
methoxide on dihydrobrucidine metho-salts, p. 1693). 

N(b)-Methyl-des-dihydrobrucidine-a (Methyl-f-dihydrobrucidine of Part V).—The base 
crystallises from the simple alcohols in colourless quadrilateral plates, m. p. 221—222° (Fig. 1) 
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[Found : C, 72-6, 72-7; H, 8-3, 8-3; N, 7-2, 7-3; MeO, 15-9, 16-0; Me(N), 4-1, 4:0. Calc. for 
C,,4H;,0,N,: C, 72-7; H, 8-1; N, 7-1; 2MeO, 15-7; Me(N), 3-8%]. Estimation of side-chain 
methyl groups kindly undertaken by Dr. H. Roth of Heidelberg gave negative results. A mix- 
ture with methyl-j-dihydrobrucidine had m. p. 221° and a careful comparison proved the 
identity of the specimens. This substance is characterised by its sparing solubility in most 
organic solvents (in cold ethyl alcohol, 1 : 250; in boiling ethyl alcohol, 1 : 65; in methyl alcohol 
it is still less readily soluble) except chloroform and benzene; it becomes faintly yellow on keep- 
ing in the air, whereas its alcoholic solutions become pink. Solutions of the base in very dilute 
or in concentrated (30%) hydrochloric acid give, on addition of ferric chloride, a green coloration, 
which becomes pale yellow on warming or keeping. 

The base remained unchanged after attempted electrolytic reduction in the usual apparatus 
for 12 hours at 95—100°; fruitless attempts were also made to reduce it in benzene solution by 
means of hydrogen in the presence of palladised charcoal or platinum-black. 

The Action of Methyl Iodide on N(b)-Methyl-des-dihydrobrucidine-a. Formation of Isomeric 
Dimethiodides.—N (b)-Methy]-des-dihydrobrucidine-a does not appear to combine with methyl 
iodide in the cold, but interaction occurs when a mixture of the components (methyl iodide in 





N-Methyl-des-dihydrobrucidine-a, m. p. N-Dimethyl-des-brucidi . p. 155—156° 
221—222° ( from MeOH). renee from MeOH). ‘ 


excess) is heated for a short time at 50—60° and N(b)-methyl-des-dihydrobrucidine-a dimeth- 
iodide is formed in theoretical yield. The derivative crystallises from water in colourless quadri- 
lateral plates of a tetrahydrate, m. p. 284—286° (decomp.) ; it is sparingly soluble in cold water, 
moderately soluble in methyl alcohol, and dissolves readily in the hot solvents; it gradually 
loses 2H,O at 105° and subsequently at 130° in a high vacuum, but the remaining 2H,O are 
retained tenaciously (Found : loss at 105°, 2-8; loss at 130°, 4-2, 4-6. C,,H;,0,N,,2MeI,4H,O 
requires 1H,O, 2-4; 2H,O, 4:7%. Found in material dried at 130°: C, 43-8, 43-6, 43-7, 43-6; 
H, 5-7, 5-7, 5-5, 5-8; I, 36-1. C.,H,,0,N,,2MeI,2H,O requires C, 43-6; H, 5-9; I, 35°4%). 
This behaviour seems to be common among brucidine and dihydrobrucidine derivatives; it 
characterises several other substances described in the present communication and was the 
frequent cause of difficulties in connection with the analyses. 

N(b)-Methyl-des-dihydrobrucidine-a combines readily with methyl sulphate in the cold, 
yielding a gummy dimethosulphate, which, however, could not be crystallised. It was treated 
with an excess of aqueous sodium iodide and the above-described dimethiodide, m. p. 284—286°, 
was obtained in theoretical yield. 

The dimethochloride, prepared from the dimethiodide by means of silver chloride, is freely 
soluble in water and dissolves readily in methyl alcohol. It separates from a concentrated 
methyl-alcoholic solution in colourless prismatic needles containing 3H,O. This trihydrate 
shrinks at 60—65° and on further heating melts and decomposes at 296—298°. When it is 
dried at 105° or over sulphuric acid, it is converted into the monohydrate; the anhydrous salt, 
formed only at a much higher temperature, is very hygroscopic and gives unsatisfactory 
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analytical results (Found in air-dried material: C, 56-3; H, 7-9; loss at 105° or over sulphuric 
acid, 6-6, 6-3. C,,Hs;,0,;N,,2MeCl,3H,O requires C, 56-6; H, 8-0; 2H,O, 65%. Found in 
material dried at 105°: C, 60-2; H, 8-1. C,,H;,0,N,,2MeCl,H,O requires C, 60-6; H, 7-8%). 

When the salt was digested with an excess of 20% methyl-alcoholic sodium methoxide, as 
described in similar cases, N(b)-methyl-des-dihydrobrucidine-a, m. p. 221—222° alone or after 
admixture with an authentic specimen, was recovered in almost theoretical yield. The dimetho- 
chloride remained unchanged after being agitated for 2 hours at 18° in hydrogen in the presence 
of palladised charcoal. 

allo-N(b)-Methyl-des-dihydrobrucidine-a dimethiodide is obtained when the reaction is effected 
at higher temperatures. A mixture of N(b)-methyl-des-dihydrobrucidine-a (5 g.) and methyl 
iodide (30 c.c.) was heated under reflux on the steam-bath; a colourless precipitate was gradually 
formed. After 3 hours the excess of methyl iodide was distilled, and the solid residue dissolved 
in boiling methyl] alcohol (50 c.c.) ; on cooling, al/o-N(b)-methyl-des-dihydrobrucidine-a dimeth- 
iodide separated as an oil, which solidified on being rubbed (yield, 8-5 g.). The same substance 
was obtained when the base, dissolved in benzene, was refluxed for 3 hours with an excess of 
methyl sulphate and the gummy dimethosulphate which was then formed was treated with 
aqueous sodium iodide. The derivative is sparingly soluble in water or methyl] alcohol and has a 
tendency to separate from the latter as an oil. When, however, a methyl-alcoholic solution is 
allowed to cool slowly, the salt crystallises in aggregates of colourless needles, m. p. 245—246° 
(decomp.). Unlike its isomeride, it forms a trihydrate which loses all its solvent of crystallis- 
ation at 105° (Found: loss at 105°, 7-2. C,,H;,0;N,,2MeI,3H,O requires 3H,O, 7:3%. 
Found in anhydrous material: C, 45-9; H, 5-6; I, 36-9. C,,H,;,0,N,,2MelI requires C, 45-9; 
H, 5-6; I, 37-4%). 

The dimethochloride, prepared by the usual method, separated from a concentrated methyl- 
alcoholic solution in colourless leaflets, m. p. 202—204° (decomp.), freely soluble in water and in 
methyl alcohol; it seems to be capable of retaining simultaneously methyl alcohol and water 
of crystallisation, which are lost at 110° ina vacuum. The anhydrous salt is very hygroscopic 
and has not been analysed (Found : loss at 110° in a vacuum, 25-8. 

C,,H;,0,N2,2MeCl,4H,O,3MeOH 
requires 4H,0,3MeOH, 25-4%. Found in material dried over sulphuric acid: C, 52-2; H, 8-3. 
C,,H;,0,N,,2MeCl,4H,O,3MeOH requires C, 52-3; H, 8-7%). When the salt was heated in 
the hope of obtaining al/lo-N(b)-methyldihydrobrucidine, a gum was produced, from which no 
crystalline product could be isolated; fruitless attempts were also made to reduce the salt by 
means of hydrogen in the presence of palladium. 

The Action of Sodium Methoxide on allo-N(b)-Methyl-des-dihydrobrucidine-a Dimethochloride. 
Formation of N(b)N(b)-Dimethyl-des-brucidine.—allo-N (b)-Methyl]-des-dihydrobrucidine-a di- 
methochloride (5 g.) was mixed with a methyl-alcoholic solution of sodium methoxide (30 c.c. 
of 20%) and heated for 2 hours in an open flask in a rapidly boiling water-bath. The cooled 
mixture, on dilution with ice-water, gave a caseous precipitate, which was washed with water, 
dried, and thrice crystallised from methyl alcohol. Dimethyl-des-brucidine (yield, 90%) forms 
colourless needles, m. p. 155—156° (Fig. 2) [Found in air-dried material: C, 73-1; H, 8-3; 
MeO, 14-6; Me(N), 7-5. C,5;H,,0,N, requires C, 73-2; H, 8-3; 2MeO, 15-1; 2Me(N), 7-3%]. 
The base is moderately readily soluble in the simple alcohols, sparingly soluble in ethyl acetate 
or petroleum, but dissolves readily in chloroform or benzene. The ferric reaction of the base in 
dilute aqueous acid solution is of brucidine type, but the green coloration is not so intense as in 
the case of brucidine and it changes to pale yellow on warming. 

The Action of Hydrogen on N(b)-Methyl-des-dihydrobrucidine-a in Acid Solution in the Presence 
of Palladised Charcoal. Formation of Isomeric Quaternary Iodides.—The base (4 g.) was dis- 
solved in 50% acetic acid (30 c.c.) and hydrogenated at 15—17° in the presence of palladised 
charcoal (0-4 g. of palladous chloride, 4 g. of charcoal previously heated to redness, and 50 c.c. 
of water). Absorption of the gas was rapid and ceased after 90 minutes, 245 c.c. (at N.T.P.) 
having been absorbed (calc. for 2H, 224). The filtered solution containing the readily soluble 
quaternary acetates was basified with ammonia (no precipitate) and mixed with sodium iodide 
(3 g.); N(b)-methyldihydrobrucidinium-d iodide was deposited as a heavy greyish precipitate, 
whereas N(b)-methyldihydrobrucidinium-c iodide remained in the solution, which exhibited a 
green fluorescence. 

Crude N(b)-methyldihydrobrucidinium-d iodide, washed with warm water, dried, and twice 
recrystallised from water, forms colourless plates, m. p. 317—318° (decomp.); on keeping in the 
air, it gradually becomes rose-coloured. It separates from methyl] alcohol as a jelly which soon 
becomes crystalline; it is unusually sparingly soluble in cold or boiling water and in most organic 
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solvents; it is also characterised by the property of retaining water of crystallisation, which is 
not lost even at 270°/1 mm. Crystallised from water or methyl alcohol and subsequently dried 
in the air, it seems to form a dihydrate, which changes into a monohydrate on being dried at 
105—110° under atmospheric pressure or in a high vacuum, or after being recrystallised from 
boiling butyl alcohol; dried at 270° in a high vacuum, it sublimes to a small extent, but does not 
lose all the solvent of crystallisation (Found: loss at 105°, 2-7, 2-5. C,,H;,0,N,I,2H,O 
requires 1H,O, 3-2%. Found in material dried at 105° in a vacuum: C, 53-2, 53-3; H, 6-4, 
6-7; I, 23-8, 23-4. Found in material dried at 170° ina high vacuum: C, 53-3; H, 6-5. Found 
in material crystallised from butyl alcohol: C, 53-1; H, 6-5. C,,H;,;0,N,I,H,O requires C, 
53-1; H, 6-5; I, 23-4%. Found in material dried at 270° in a high vacuum: C, 53-6, 54-1; 
H, 6-9, 6-8. C,,H;,0,N,1,0-5H,O requires C, 54-1; H, 6-4%). 

The chloride, prepared from this iodide by means of silver chloride, forms a deep red powder, 
m. p. 304—306° (decomp.); it is readily soluble in water and dissolves moderately in methyl 
alcohol. Like the corresponding iodide, it forms a trihydrate, which loses 2H,O at 105° but 
retains 1H,O tenaciously (Found : loss at 105°, 7-7. C,.,H3,;0,;N,C1,3H,O requires 2H,O, 7-4%. 
Found in material dried at 105° in a high vacuum : C, 64:2; H, 8-0. C.4H;,0,N,Cl,H,O requires 
C, 63-9; H, 7-8%). 

When the chloride was digested for an hour with an excess of methyl-alcoholic sodium meth- 
oxide (20%) in an open flask on the steam-bath and the crude product was treated with water, 
N(b)-methyl-des-dihydrobrucidine-a was recovered in almost theoretical yield, m. p. and mixed 
m. p. 221—222° after recrystallisation from methy] alcohol. 

Fruitless attempts were made to obtain the hypothetical dihydrobrucidine-d by thermal 
decomposition of the chloride; heated in a test-tube over a flame, this salt decomposed before 
any methyl chloride was split off and yielded a dark oily product and much charred material. 

N(b)-Methyldihydrobrucidinium-c iodide was isolated from the alkaline filtrate (see p. 1690) 
by the addition of much solid anhydrous potassium carbonate ; crystallised from water and then 
twice from methyl alcohol, it formed colourless, elongated, quadrilateral plates, m. p. 304— 
306° (decomp.), moderately readily soluble in water or the simple alcohols. Unlike N(b)-methyl- 
dihydrobrucidinium-d iodide, it does not discolour in the air. It also has the power to retain 
solvent of crystallisation at 230° in a high vacuum (Found : loss at 105° in a high vacuum, 4-5. 
C,,H,;,0,N,1,2-5H,O requires 1-5H,O, 4:9%. Found in material dried at 105° in a high vacuum : 
C, 53-3, 53-6; H, 6-6, 6-6; I, 22-6. C,,H,,0,N,I,H,O requires C, 53-1; H, 6-5; I, 23-4%). 

The chloride produced from this iodide by the usual method separated from a concentrated 
aqueous solution as a pink powder (Found: loss at 230° in a high vacuum, 8-9. 
C,,H;,0,;N,Cl,3H,O requires 2-5H,O, 9-2%. Found in material dried at 230° in a high vacuum : 
C, 65-6; H, 7-8. C,,H,,;0,N,Cl,0-5H,O requires C, 65-2; H, 7-7%). The salt is readily soluble 
in water or methy] alcohol and melts at 233—-235° without decomposition. When heated above 
its m. p. in a tube over a free flame, extensive decomposition occurred and dihydrobrucidine-c 
was not formed. 

In contrast to N(b)-methyldihydrobrucidinium-d chloride, N(b)-methyldihydrobrucidinium-c 
chloride is resistant towards boiling methyl-alcoholic sodium methoxide and it was recovered 
unchanged after being digested with this reagent for 2 hours. The decomposition was, however, 
effected by heating the salt with the sodium methoxide solution for } hour at 120—125°, and a 
good yield of N(b)-methyl-des-dihydrobrucidine-a, m. p. 221—-222° (alone or after admixture 
with a pure specimen), was obtained. 

Hydroxymethyltetrahydrobrucidine.—The base crystallises from petroleum (b. p. 70—90°) 
in tufts of pale yellow, arrow-shaped needles (Fig. 3), m. p. 169—171° [Found : C, 69-1, 69-3; 
H, 8-3, 8-4; N, 7-0; MeO, 14-9; Me(N), 3-9. C,,H,,0,N, requires C, 69-5; H, 8-2; N, 6-8; 
2MeO, 15-1; Me(N), 3-6%]. It is appreciably soluble in water, very readily soluble in most 
organic solvents, except light petroleum, and it exhibits brucidine-type colour reactions. The 
base was recovered unchanged after prolonged refluxing with methyl iodide; it was also in- 
different towards benzaldehyde in methyl-alcoholic solution in the presence of sodium 
methoxide. 

A cetoxymethylietrahydrobrucidine was prepared by the addition of anhydrous sodium acetate 
(1 g.) to a cold solution of hydroxymethyltetrahydrobrucidine (3 g.) in acetic anhydride (5 c.c.) ; 
reaction occurred immediately with evolution of heat and the derivative crystallised. When 
the mixture was heated for a few minutes, the yield was considerably diminished and on pro- 
longed heating at 100° no acetyl derivative was produced. The crude product was washed with 
aqueous sodium hydrogen carbonate, dried, and thrice crystallised from light petroleum (yield, 
3 g.), separating therefrom in colourless leaflets, m. p. 258—260° (decomp.) (Found: C, 68-2, 
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68-3; H, 8-1, 8-0. C,,H,,O;N, requires C, 68-4; H, 7-9%), very readily soluble in the simple 
alcohols or in chloroform, moderately readily soluble in ethyl acetate, and sparingly in light 
petroleum. 

This acetyl derivative (2 g.) was heated with methyl-alcoholic sodium methoxide (15 c.c. of 
10%) for an hour on the steam-bath. The cold product was diluted with water and extracted 
with chloroform, and the dried extract evaporated to dryness. The residue crystallised from 
light petroleum in needles (1-2 g.), m. p. 169—171° alone or mixed with hydroxymethyltetra- 
hydrobrucidine. 

When the acetyl derivative (0-5 g.) was gently heated in a tube over a flame, a vigorous 
effervescence took place and the odour of methyl acetate was noted. The pale-coloured, cold, 
glassy residue crystallised immediately on addition of acetone and after being recrystallised from 
this solvent had m. p. 172—173°, undepressed after admixture with dihydrobrucidine (yield, 
0-3 g.). 

Li cintation of Hydroxymethylietrahydrobrucidine. Formation of Methoxymethyltetrahydro- 
brucidine Methosulphate-—The base (3 g.) was triturated with aqueous sodium hydroxide (20 
c.c. of 40%), and methyl sulphate (10 c.c.) gradually added; the mixture was heated on the 


Fic. 3. 





Hydroxymethyltetrahydrobrucidine, m. p. 169— N-Methyl-des-dihydrobrucidine-b, m. p. 133— 
171° (from light petroleum). 137° (from light petroleum, rapid crystallisation). 


steam-bath until the excess of methyl sulphate was decomposed, and the cold liquid was satur- 
ated with solid anhydrous potassium carbonate. The yellowish semi-solid product, evidently 
methoxymethyltetrahydrobrucidine methosulphate, was collected, dissolved in the minimum 
quantity of water, and mixed with sodium iodide (4 g.). Methoxymethyltetrahydrobrucidine 
methiodide which was then formed crystallised from ethyl alcohol in colourless leaflets, m. p. 
166—167°, undepressed on admixture with a specimen prepared directly from the components 
(Part V; Joc. cit., p. 1655) (Found in material dried at 105°: C, 54:5; H, 7-1. Calc. for 
C,,H;,0,N,I : C, 54-7; H, 6-8%). When the salt was heated in a tube over a free flame, methyl 
iodide was evolved; the glassy product crystallised from methyl] alcohol in colourless needles, 
m. p. 134—135° (yield, theoretical), identified with methoxymethyltetrahydrobrucidine by m. p. 
and mixed m. p. 134—135°, and by a close comparison of properties. 

The Action of Hot Dilute Sulphuric Acid on Hydroxymethyltetrahydrobrucidine.—Hydroxy- 
methyltetrahydrobrucidine is not attacked in 3 hours by boiling 10% (vol.) sulphuric acid, but, 
when a solution of the substance (2 g.) in 25% sulphuric acid (15 c.c.) was refluxed for 3 hours, 
about 10% of the base was converted into methyldihydrobrucidinium hydrogen sulphate. 
(With more concentrated acid no methyldihydrobrucidinium hydrogen sulphate could be isolated 
from the dark brown solution, which became dark blue on being made alkaline with ammonia.) 
The cold liquid was basified with ammonia, the unchanged base (1-7 g.; m. p. 169—171° after 
crystallisation from light petroleum) separated, and the filtrate mixed with sodium iodide 
(0-5 g.). Methyldihydrobrucidinium iodide separated as a greenish gum, which crystallised 




















Strychnine and Brucine. Part XXXV. 1693 


when mixed with a little methyl alcohol and seeded with a crystal of the pure salts. It was 
recrystallised from water (norit) and identified by m. p., by mixed m. p. (296—298° in both 
cases), and by analysis (Found in material dried at 105°: C, 55-2; H, 6-7. Calc. for 
Cy3H3,0;N,,Mel : C, 55-0; H, 6-3%). 

N(b)-Methyl-des-dihydrobrucidine-b.—As stated on p. 1688, the methiodide of this substance 
constitutes crop (10), and the salt was also obtained by direct union of the free base with methyl 
iodide. When allowed to crystallise slowly from methyl alcohol-ethyl acetate—chloroform 
(see p. 1688), it separated in large, transparent, yellowish columns, containing 1CHC],. In this 
form it melts and decomposes at 242—-244° to a purple liquid; it is very readily soluble in the 
simple alcohols, moderately readily soluble in water or chloroform, and practically insoluble in 
ethyl acétate or light petroleum. It loses chloroform of crystallisation on being powdered, but 
removal of the whole of the solvent has proved difficult as in other similar cases. When a 
sufficient quantity of this substance was heated with water on the steam-bath, the liquid boiled 
and chloroform was found in the distillate. On crystallisation from methyl alcohol, the chloro- 
form is replaced by 2MeOH and this modification is sparingly soluble in methyl alcohol; it 
forms faint rose-coloured, thick, quadrilateral plates which melt at 80—82° and decompose at 
242—244° to the characteristic purple liquid (Found : loss at 80° in material crystallised from 
methyl] alcohol-ethyl acetate—chloroform, 16-2. C,,H3;,0,N,,MeI,CHCI, requires CHCl,, 18-2%. 
Found : loss at 110° in material crystallised from methyl alcohol, 9-7. C,,H,;,0,N,,MeI,2MeOH 
requires 2MeOH, 10-6%. Found in material dried at 110° in a vacuum: C, 55-1, 55-1; H, 6-3, 
6-2. Found in material dried at 170° in a high vacuum: C, 55-7; H, 6-2. C,,H;,0,N,,Mel 
requires C, 55-8; H, 6-5%). 

The methochloride was prepared from the methiodide (10 g.), which was mixed with water 
(75 c.c.) and heated on the steam-bath in an open flask until the whole of the chloroform had 
evaporated ; freshly precipitated pure silver chloride was then added in excess, and the mixture 
heated for 2 hours with frequent shaking. The filtrate from the silver salts was evaporated to 
dryness in a vacuum, and the residue dried over sulphuric acid. The methochloride formed a 
reddish-brown hygroscopic powder, freely soluble in water and in the simple alcohols; when 
heated in a capillary tube, it melted at 165—170°, was discoloured, and crystallised again at 
175—180°; on further heating, it melted and decomposed at 245—248°. The methochloride 
was heated gently over a flame in glass tubes (batches of 0-5 g.) until the evolution of methyl 
chloride (recognised) ceased and the product liquefied. The pale blue, glassy residue was 
extracted with the minimum quantity of boiling light petroleum (b. p. 70—90°), and the extract 
evaporated to a small bulk; on slow cooling, N(b)-methyl-des-dihydrobrucidine-b crystallised 
in stout, quadrilateral, yellowish plates, m. p. 126—129° (Fig. 4). It was twice recrystallised 
from light petroleum and the m. p. was raised to 133—134°, and remained unchanged on further 
crystallisation (yield, 90%). 

The base is appreciably soluble in water and, in contrast to N(b)-methyl-des-dihydro- 
brucidine-a, is characterised by being unusually readily soluble in organic solvents, except 
light petroleum, in which it dissolves moderately readily. A solution of the base in dilute hydro- 
chloric acid gives on addition of a drop of ferric chloride a green coloration, which becomes pink 
on warming [Found in air-dried material : C, 73-0; H, 8-0; MeO, 15-3; Me(N), 3-5. C.gH3,0,N, 
requires C, 72-7; H, 8-1; 2MeO, 15-6; Me(N), 3-8%. Estimations of CMe groups (Dr. H. 
Roth): yield of C,H,O,, 10-0, 11-0%]. 

The base combined readily with methyl iodide in the cold; the product, crystallised from 
methyl alcohol-ethyl acetate—chloroform, was identical with the methiodide described on 
p. 1688. The identity was established by m. p., by mixed m. p. (242—244° in both cases), and 
by analysis (Found: loss at 80°, 16-6. Found in material dried at 170° in a high vacuum : 
C, 55-4; H, 6-6%). 

When a solution of the base (1 g.) in 50% acetic acid (20 c.c.) was agitated in hydrogen in the 
presence of palladised charcoal (0-1 g. of palladous chloride, 1 g. of charcoal, and 30 c.c. of 
water), a rapid absorption of gas took place; after 50 minutes the reaction ceased, 65 c.c. (at 
N.T.P.) having been taken up (calc. for 2H, 56 c.c.). The filtered solution was rendered alkaline 
by ammonia, mixed with much solid potassium carbonate, and extracted with chloroform. 
The pale brown residue, after the solvent had been evaporated in a vacuum, proved to be even 
more readily soluble than the base before hydrogenation, and it could not be crystallised. 

The Decomposition of Dihydrobrucidine Metho-salis by Means of Sodium Methoxide.— 
Dihydrobrucidine methiodide, methochloride, and methosulphate are not attacked by boiling 
20% methyl-alcoholic sodium methoxide. But when a mixture of the methochloride (20 g.) 
or the methosulphate (but not the methiodide) with methyl-alcoholic sodium methoxide (200 c.c. 
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of 20%) was heated in an open flask, first on the steam-bath and subsequently on a sand-bath 
until the temperature of the liquid reached 135°, and the cold product was diluted with ice- 
water, a grey caseous precipitate was formed. This consisted of dihydrobrucidine (2 g.), 
methoxymethyltetrahydrobrucidine (10 g.), and N(b)-methyl-des-dihydrobrucidine-a (1-7 g.). 
This mixture was resolved into its components by fractional crystallisation from methy] alcohol, 
benzene, and acetone. The named bases were identified by the usual methods and by those 


described in this memoir. 
We are indebted to Dr. K. Lindenfeld of Warsaw for preparing the micro-photographs here 
reproduced from drawings and for carrying out the micro-analyses. 


DEPARTMENT OF PHARMACEUTICAL AND TOXICOLOGICAL CHEMISTRY, UNIVERSITY OF WARSAW. 
Tue Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 25th, 1935.] 





401. The Hydrolysis of Magnesium Boride. 
By Rames C. Ray and PRAFULLA C. SINHA. 


It is well known that when magnesium boride is hydrolysed by dilute acids, small quan- 
tities of boron hydrides are evolved together with a large volume of free hydrogen, but 
when it is hydrolysed by water, scarcely any hydrides are produced. In the latter case, 
the action takes place with the evolution of a considerable amount of heat and the 
liberation of hydrogen, but no boric acid or magnesium borate is formed. The aqueous 
extract, however, contains a small quantity of boron as hydroxy-hydrides. 

The present investigation was undertaken in order to find out the mechanism of the 
hydrolysis under both conditions. It has already been shown (J. Indian Chem. Soc., 
1924, 1, 125) that the main product of aqueous hydrolysis is a substance Mg,B,(OH).. 
The experiments now described show that the same product is also formed in the hydro- 
lysis by dilute acids at or above 0°, but below — 10° an entirely different product is 
obtained of the composition H,B,(MgOH)s. 


The magnesium boride for these experiments was prepared by rapidly heating an intimate 
mixture of 1 part of boron trioxide (finely powdered and passed through a 120-mesh sieve) and 
2-2 parts of magnesium powder in a current of hydrogen to red-heat in a crucible lined with 
magnesia. Careful attention should be paid to temperature, for if this becomes too high, 
decomposition to crystalline boron and free magnesium occurs; on the other hand, if the 
temperature is too low, much amorphous boron is produced. Only those preparations which 
were almost completely soluble in hydrochloric acid and did not contain any free boron, but 
consisted mainly of magnesium boride and oxide, were employed in these experiments. 

The hydrolysis was carried out in the following manner. A wide-mouthed bottle was 
provided with a tightly fitting rubber stopper, through which passed a mercury-sealed glass 
stirrer, an outlet tube, and a wide glass tube. The last was connected to a small flask con- 
taining the boride. A mixture of 500 c.c. of absolute alcohol and 50 c.c. of hydrochloric acid 
of the required concentration was introduced into the bottle, which was then fitted with the 
stopper and immersed in ice, so that the reaction took place at about 0°, Air was removed 
from the apparatus by a current of hydrogen, freed from oxygen by passage through alkaline 
pyrogallol, the mixture of acid and alcohol was then vigorously agitated by means of a 
mechanical stirrer, and the magnesium boride was added slowly and regularly during about 
20 mins., scarcely any boron hydrides being evolved. The reaction was allowed to proceed 
for a further 20 mins., with continuous stirring, otherwise some magnesium boride remained 
undecomposed. After the reaction was complete, the hydrogen was removed by a rapid 
stream of carbon dioxide, and the resulting white mass was quickly collected on an Allihn’s 
filter, as far as possible in absence of air, and dried in a vacuum over solid sodium 
hydroxide. 

In all the experiments in which the amount of hydrochloric acid present was in excess of 
that required to dissolve the whole of the magnesium oxide present with the boride, the product 
of hydrolysis was of constant composition. It was analysed as follows. A weighed quantity 
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was dissolved in a small amount of concentrated nitric acid, and the solution heated in a 
sealed bulb for $ hr. on a water-bath; ,the contents of the bulb were then washed out and 
divided into two equal parts. From one part the boric acid was removed by repeated evapor- 
ation with a mixture of hydrochloric acid and methyl alcohol, and the remaining magnesium 
was estimated by precipitation with ammonium phosphate. The other portion was evaporated 
to dryness in a vacuum at the ordinary temperature, the residue washed into a platinum 
crucible containing a weighed quantity of lime, and the whole was ignited. The increase in 
the weight of the lime gave the weight of magnesium oxide and boron trioxide [Found: Mg, 
36-5, 35-9, 36-2; B, 10-9, 11-6, 11-3. Calc. for Mg,B,(OH),: Mg, 36-7; B, 11-2%]. It was 
proved that when an aqueous solution of boric acid, even if acidified, is evaporated slowly at 
the ordinary temperature in a vacuum desiccator over solid sodium hydroxide, little loss of 
boric acid takes place. 

When the amount of hydrochloric acid in the alcoholic mixture was not sufficient to dissolve 
all the magnesium oxide in the crude boride, the product which separated was grey, and 
contained also undecomposed magnesium boride. 

The product of hydrolysis was a white powder, completely insoluble in and inactive towards 
both cold and hot water. It did not possess any reducing property. In a few cases, however, 
when the temperature of the reaction fell below 0°, the product showed a powerful reducing 
action, but the reducing substance was not present in sufficient amount to be isolated. 

With a view to separate this substance, some experiments were carried out at lower tem- 
peratures. If, however, the temperature was in the neighbourhood of — 10°, an identical 
procedure afforded an entirely different product [Found: Mg, 50-1, 48-9, 49-1; B, 13-9, 14-7, 
14:7. H,B,(Mg*OH), requires Mg, 48-65; B, 14-85%]. The substance was colourless and 
very unstable; it reacted with water at the ordinary temperature, being converted into 
Mg;B,(OH), with liberation of hydrogen, and it reduced both iodine and permanganate solu- 
tions. The reducing power was determined by adding a measured volume of a standard iodine 
solution to a weighed quantity of the substance in a stoppered bottle, the same volume of 
iodine solution being kept in a similar stoppered bottle. Both bottles were kept in the dark 
for 24 hours, with occasional shaking. The iodine contents were then determined, and from 
the difference the reducing power of the substance was calculated. Similar determinations 
were also made with a standard potassium permanganate solution acidified with dilute sulphuric 
acid. The mean results were: 1 g. of substance = 677 c.c. of N/10-iodine solution or 828 c.c. 
of N/10-potassium permanganate. If the boron is oxidised to trioxide, then 1 g. of substance 
should require 822-8 c.c. of N/10-iodine or permanganate, but if it is oxidised only to B,O,, 
then 1 g. should reduce 675-7 c.c. of N/10-solution. Apparently oxidation was not complete 
with N/10-iodine solution. Travers, Ray, and Gupta (A., 1917, ii, 308) showed that the boron 
in certain of its compounds with hydrogen and oxygen is oxidised by iodine only to the B,O, 
stage; but we found that if the substance was shaken with an excess of N-iodine solution in 
the dark for about 1 week, complete oxidation of boron took place, requiring 838 c.c. of 
N/10-iodine solution per g. 

The results of these experiments show that hydrolysis of magnesium boride at the ordinary 
temperature takes essentially the same course whether it is effected by water or by dilute 
acids, viz., Mg,;B, + 6H,O = Mg,B,(OH), + 3H,. Hydrolysis slightly below — 10°, however, 
affords H,;B,(Mg*OH);, which is readily converted by the action of water into Mg,;B,(OH),, 
with liberation of hydrogen, especially when the temperature is slightly increased. The 
formation and decomposition may be represented by the equations Mg,B, + 3H,O = 
H,B,(Mg’OH),; H;B,(Mg*OH), + 3H,O = Mg;B,(OH), + 3H,. 

It is found that, contrary to what has been generally supposed, no boric acid or magnesium 
borate is formed in the hydrolysis of magnesium boride by water or dilute acids. 


ScrENCE COLLEGE, Patna, INDIA. (Received, June 3rd, 1935.] 
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402. The Dipole Moments of cycloHexa-1 : 4-dione, cycloPentadiene- 
benzoquinone, Benzoquinone, Carbon Suboxide, and Carbonyl Chloride. 


By (Mrs.) C. G. LE FEvre and R. J. W. LE FEvre. 


THE dielectric constants, densities, and refractive indexes of solutions of the above sub- 
stances in either benzene or carbon tetrachloride at a known temperature have been 
measured by methods described in previous papers, and thence the total polarisations, 
molecular refractivities, orientation polarisations, and dipole moments of the solutes have 
been calculated in the usual way. 

(a) Dipole Moment of cycloHexa-1 : 4-dione-—Our measurements indicate an apparent 
value of the dipole moment of 1-3 D, whereas, by the same method Hassel and Naeshagen 
(Tids. Kjemi Berg., 1930, No. 7) had found 1-6 D. If, in our determination, 10% of [Rz]p 
is allowed for the atomic polarisation, a still lower value, viz., 1-21 D, is obtained. 

The equilibrium cis == trans. From these results it should be possible to form an 
estimate of the proportions of the strainless forms present under the conditions 
of measurement. It is first necessary to establish the dipole moment of each of these forms, 
and these are calculated as follows: Let the two remaining valency directions of each of 
the ketonic carbon atoms be taken as meeting at 120° (Becker and Thorpe, J., 1920, 117, 
1579),* and let the usual radii, valency angles, etc., be adopted for the other carbon atoms 
in the molecule. A construction shows that in the czs-form the axes of the ketonic groups 
lie at an angle of about 133° to the horizontal plane containing the four methylene groups, 
and calculation on this basis indicates that, if the dipole moment of the keto-group be 
taken as 2-79 (7.¢., as in hexamethylacetone), the czs-configuration should exhibit a resultant 
moment of 4-1. For the ¢vans-arrangement, in which the ketonic groups are in antiparallel 
alinement, the resultant moment is obviously nil. 

At once, it can be seen that if the equilibrium be treated as a mixture of two molecular 
species, and a simple mixture formula be applied to the observed y?, a surprisingly low 
cis-content follows : from the experimental values, » = 1-2 or 1-6, the proportions are only 
ca. 9% and 15% respectively. By the same method, an equimolar mixture should corre- 
spond to an observed yu as large as 2-9. 

It is interesting to compare this result with one obtainable from an entirely different 
consideration. If the energies of the two forms are E4, and Eyqn;, then the numbers of 
the molecules N,;, and Njans present in solution are given by N.is/Nirany = €~7“*7, where 
dE is the energy difference between the two forms, other symbols having the usual signifi- 
cance. If, as a rough approximation, the energy of each form is written as the potential 
energy due to the mutual arrangement of the dipolar groupings, then application of the 
formula 

U = (cos x — 3cos a, COS a) 2449/7" 


(cf. Jeans, “ Electricity and Magnetism,” Cambridge University Press, Cambridge, 1920, 
p. 354) to the above geometrical constructions gives E, = 0-24876 .107!? and Epans = 
0-19008 . 10° c.g.s. units, whence dE = 0-05868 . 107! and N.is/Nirans = 0-2375, or 19% 
of cis-, a figure higher than that deduced experimentally. Nevertheless, although no 
allowance has been made for a small quantity of a third form, in which the ketone groups 
are in cis-formation at opposite corners of the basal part of the molecule, it is significant 
that the result is of the same order. 

The above discussion is probably slightly erroneous because, owing to impact of solvent 
molecules, thermal agitation, etc., the state of the solute at any moment is not a mixture 
of the two extreme forms considered above, but rather a mixture of molecules with con- 


figurations intermediate between them. The observed moment (R) therefore is the root 
mean square of the instantaneous resultant moments which vary during the flexion of the 
ring. The distribution of the configurations during this process may be supposed at any 

* Assumption of the usual tetrahedral angle leads to a resultant moment for the cis-form of 3°95 
units, but our conclusions are not appreciably affected if this figure, instead of 4-1, is employed in the 
calculations. 
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instant to be governed by the dipolar repulsions between the keto-groups, almost to the 
exclusion of such factors as the intrinsic energy difference needed to change one form of 
a saturated non-polar six-ring into the other—the fact that hitherto no separable geo- 
metrical isomerides of this type have been confirmed shows that this energy difference is 
less than that arising from thermal agitation at the ordinary temperatures (ca. 600 cals./ 
mol.). These considerations can be summarised in mathematical form : 


o=2—2a 6=n—-2a on 
| | [2u2 + Qu? (cos 2a + 0 + )le-#"*7a0 . dd 
aD ¢=0 6=0 





R= 
o=2—-2a ,6=2—2a 
| | e-ERT dO. dd 
$=0 @=0 
h E u2 (cos 2x + 0+ 4¢—3cosa+6.cosa-+ ¢) 
where 








~ {1-52V3 4+ 2 sin 4 + 0+ ¢ + sin 0 + 47° + sin g + 4779 
a = 43°, u = 2-87 = ugo, and the significances of 0, ¢, and « are obvious from the inset 
diagram. A value for R of about 1 has been obtained by 


graphical evaluation of the above integral. N ran 
Absence of enolic form in cyclohexa-1:4-dione. The state- A Xa: \ 
ments that the aqueous solution is not markedly coloured by MI  P\ | 
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the addition of ferric chloride (Herrmann, Amnalen, 1882, 211, 
322) and that the diketone can be heated for a day with acetic \ Fd 0 
anhydride in an oil-bath at 170° without undergoing acetylation ““ | 
(Baeyer and Noyes, Ber., 1889, 22, 2177) have been confirmed. ; 
The clearest evidence is obtained from a consideration of the molecular refraction values. 
To explain a moment of the order 1-6 (Hassel) by enolisation this process would have to be 
fairly complete; now, the observed value for Nap light is 27-8 (benzene solution) against 
the calculated values: for the dione, 27-7; for the mono-enol, 28-7; and for the di-enol, 
29-7 c.c. (data from Eisenlohr, Z. phystkal. Chem., 1910, 75, 605). The conclusion is, 
therefore, that the compound is wholly ketonic. 

Materials —The benzene used was purified as described by Le Févre and Smith (J., 1932, 
2239) with the addition of a final crystallisation immediately before use. cycloHexadione 
was obtained from ethyl succinylsuccinate (Meerwein, Annalen, 1913, 398, 248); we also wish 
to thank Dr. H. G. de Laszlo for the loan of a specimen of this substance. The following 
measurements relate to benzene solutions. 


A gt eae 0 5010 7114-0 11,989 14,847°9 15,003 
Mf, Mafe. socceres. 78 78-170 78°242 78408 78°505 78°510 
Reet bdevndininddbdobeved 22725 22832 2°2869 2°2975 23037 23035 
} RELI CO 0°87380 0°87523 0°87588 0°87741 0°87827 0-87833 
Puke Palle ooegreresse 26-5850 26-7575 26-8159 26-9803 27-0767 27-0743 
} SY GS 26-5850 26-4518 26-3958 26-2663 26-1902 26-1861 
| Ee Te — 0°3057 0-4201 0-7140 0°8865 08882 
BO dh -.-ntucadaien — 61-0 591 59°6 59°7 59°2 

nen ssnen a cetile Sah eR 1-49733 — 1-49717 — 1:49703 — 
Ih, socnsonnsessasecnewesies 224200 — 224153 — 224109 — 
Bafa + Mafe os<<00000000 26-1357 — 26-1475 — 26-1573 — 
Fie ebvhittiigabwieitics 26-1357 — 25-9497 — 25-7475 — 
OS _ — 01978 —_ 0:4098 — 
Big (C.C.)  cccccccccccsees —_ — 27°8 — 27°6 — 


Whence, extrapolated values of P, and R, for f; = 0 are 62 c.c. and 28 c.c. respectively 
(Clarke, J., 1912, 101, 1788, using alcoholic solutions, obtained M, = 27-8 and M, = 28-46 c.c.) ; 
p. = 0-22(34)? = 1-29. 

(b) Dipole Moment of cycloPentadienebenzoquinone.—This compound (I) 


8 has an interest in relation to cyclohexadione, for, according to models, the 
requirements of ring strain must keep the ketonic groups rigidly in a cis 

| c™:|| mutual orientation. Since the observed moment is 1-39, the degree of depar- 
ture from planarity of the axes of the two carbonyl groups is indicated by the 
O angle (viz., 151°) which a pair of ketone vectors—taken as 2-79 as before— 


(I.) must make with one another to produce this resultant. 
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This substance was prepared and purified according to Wassermann (this vol., p. 828). 


The following measurements relate to benzene solutions at 25°. 


1°49733 

2°24200 
26°1357 
26°1357 


20,112°9 

79°9308 
2°3292 
0°88530 


13,447°7 
79°2910 
2°3112 
0°88152 
27°3566 27°7208 
26°2275 26-0503 
11291 1-6705 
83°96 83-06 


26,210°9 
80°5163 
2°3435 
0°88864 
28-0256 
25°8882 
2°1374 
81°55 
1-49914 
2°24741 
26°6099 
25°4507 
11592 
44°23 


27,262°5 
80°6172 
2°3451 
0°88925 
28-0646 
25°8602 
2°2044 
80°86 
1-49040 
2°24712 
26-6206 
25°4232 
1°1974 
43°92 


Whence, extrapolated value of P, for f, = 0 is ca. 84 c.c., and pP = 40 c.c. 


(c) Dipole Moment of p-Benzoquinone.—Hassel and Naeshagen (Z. physikal. Chem., 
1929, B, 6, 445) reported a moment of 0-67 for this substance. The data tabulated below 
comprise a repetition of this determination. The results with carbon tetrachloride as an 
alternative solvent show that the magnitude of the earlier result could not have been due to 
combination with the solvent (benzene), since the »P found in both liquids is ca. 10 c.c., 
corresponding to a moment of the order given by the above authors. On the other hand, 
since no diminution in oP is observable with temperature rise, benzoquinone would appear 
to be non-polar. The two experimental facts can be harmonised by supposing the solute 
molecules to be not completely rigid when subjected to the bombardment of the solvent 
molecules. A finite value for the root mean squares of the instantaneous resultant moments, 
becoming greater up to a point with temperature increase, would then be expected to arise 
from the deflexions of the carbonyl groups out of the uniaxial positions given in Fittig’s 
formula. Although similarities exist, the problem cannot be treated so simply as that in 
Section (a) because the molecule of benzoquinone is undoubtedly much more rigid than that 
of cyclohexa-1 : 4-dione. The possibility of association of the molecule is negatived by 
Auwers’s molecular-weight determinations (Z. physikal. Chem., 1893, 12, 698). 


Preparation of Materials—Commercially pure carbon tetrachloride was shaken with 
sulphuric acid and then washed successively with water, 2N-sodium hydroxide, and water. 
After being dried (sodium sulphate), it was fractionated, the portion of b. p. 78—79° being stored 
over potash sticks (compare Schmitz-Dumont, Chem.-Zig., 1897, 21, 510); after a week it had 
the following physical constants: d%%° 1-5844, n?° 1-4572; ¢,,. has been taken as 2-2270. The 
benzene was that used before [Section (b)]. The benzoquinone was a commercial specimen 
steam-distilled and twice recrystallised from boiling ligroin; m. p. 115-5—116° (cf. Hesse, 
Annalen, 1860, 114, 300). 

Measurements.—The dielectric constants and densities of dilute solutions of quinone in the 
two solvents named have been measured at 25° and 45°. The refractive indexes (Na light) 
for two of the benzene solutions have also been observed at the lower temperature. The signi- 
ficant data are collected below. 


p-Benzoquinone in Carbon Tetrachloride Solution. 


594-398 1271-91 3523°36 
153°9727 153-9413 153-8380 


Temperature 25°. 
2°2278 
1°58445 

28-2213 

28°1972 28°1781 28°1146 27°9978 
0°0241 0°0506 0°1360 0°2897 

40°58 39°75 38°60 37°81 


Temperature 45°. 
2°1960 
1-54602 

28°3873 

28°3631 28°3439 28-2800 28-1625 
00242 0°0514 0°1347 0°2876 

40°76 40°45 38°24 37°54 


7662-0 
153-6475 


2-2375, 
1-58623 
28-2875 


2°2318 
158508 
28°2506 


2-2286, 
158445 
28-2287 


2°2058 
1-54825 
28-4501 


2°1999, 
1:54682 
28-4147 


2-1968, 
154605 
28-3953 
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Whence, the extrapolated values of P, for f/,; = 0 are 40-5—41-0 and 41-0—4l-1 c.c. at 25° 


and 45° respectively. 
p-Benzoquinone in Benzene Solution. 

fy. 108 5864-3 9763-67 12,458°6 15,5347 
Mif, + Mefs 78°1759 78:2929 78°3737 78-4660 


Temperature 25°. 
2°2765 2°2793 2°2812 2°2834 
0°87514 0°87626 0°87693 0°87771 
26-6644 26°7113 26-7459 26°78578 
26°4291 26°3254 26-2538 
0°2353 0°3859 0°4921 
_— 40°12 39°53 39°49 
1:49733 1-497615 1-49790 
2°241997 2°242851 2°24370 


26-1356 26°1631 26°1925 
25°9824 25°8101 
0°1807 0°3824 

30°82 30°69 


Temperature 45°. 
2°2377 2°2408 2°2427 2°2452 
0°85374 0°85497 0°85575 0°85661 
26-7446 26°7931 26°8255 26°8675 
265076 26°4036 26°3318 26-2498 
0°2370 0°3895 0°4937 0°6177 
40°40 39°89 39°62 39°76 


Whence, extrapolated values of P, for f, = 0 are 40-7 and 40-8 c.c. at 25° and 45° respectively ; 
and that for [RP]? is 30-9 c.c. (Calc. : 26-93). 


From these data: (a) substitution of the appropriate figures for 25° in the equation np = 
0-22(,P)* gives up = 0-69; (b) substitution in the equation P = A + B/T of the values of 
P at 298° and 318° leads to a small negative value for B (ca. — 500). 

A minor point which emerges from these measurements is the considerable exaltation of 
molecular refraction, presumably due to the highly conjugated arrangement of bonds, in the 


benzoquinone molecule. 


(d) Dipole Moment of Carbon Suboxide.—According to classical stereochemistry, Diels 
and Wolf’s formula (Ber., 1906, 39, 689) for carbon suboxide should corre- 
o=eg Sc spond to a rectilinear molecule. Brockway and Pauling (Proc. Nat. Acad. 
pms /~ Sct., 1933, 19, 860) reported that electron-diffraction photographs of the gas 
(II) are not incompatible with such a structure, but Boersch (Naturwiss., 
: 1934, 22, 172; Wiener Ber., 1935, 144, 2b, 1), using the same method, 
concluded that Michael’s cyclic representation (II) (Ber., 1906, 39, 1915) was also admissible. 
The data tabulated below are therefore of interest in showing that in benzene solutions 
very little of the second form can exist, as shown by the facts that the dipole moments of 
the chain and the ring form should a priori be vanishingly small and greater than 3 units 
respectively, and that the orientation polarisation of a substance with a yu of the latter 
order must be not less than 186 c.c. at 25°: oP was actually found to be ca. 10 c.c. 
Materials —Carbon suboxide, prepared by the pyrolysis of diacetyltartaric anhydride 
(Hurd and Pilgrim, J. Amer. Chem. Soc., 1933, 55, 757), was redistilled immediately before use. 
Solutions were prepared by direct addition of the liquid oxide to previously weighed and frozen 
quantities of benzene. Errors due to condensation of moisture were avoided by delivering the 
suboxide through a narrow tube in such a way that no contact with the atmosphere was made. 
The linear relation between f, and d and ¢ for the solutions was taken as sufficient justification 


of this simple method. 


30,102°4 44,354-0 49,9872 59,970°7 
77-6990 77°5564 77°5001 77-4004 
2°2875 2°2945 2°2972 2°3042 
0°87712 0°87870 0°87938 088051 
26-6011 26°6052 26°6040 26°6355 
25-7890 25-4100 25-2603 24-9948 
0°8121 1°1952 1°3437 16407 
26°98 26°95 26°88 27°36 
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Whence, extrapolated value of P, for f, = 0 is ca. 27 c.c. The following data are taken from 
Diels and Blumberg (Ber., 1908, 41, 86) : 


Temp. d. Np. n2. Mol. refrn. 
0° 1°1137 1-45384 2°11367 16°53 
— 13 1116 1-45962 2°13049 16°68 
—12 1-135 1°46757 2°15376 16°64 


From the above data an apparent dipole moment of 0-7 unit is indicated. The magni- 

ea .. tude of this result may not be entirely due to experimental 

(i.) 7O::CiiCi:C::0O: errors arising from evaporation or polymerisation of the 

materials under examination. Of the five most important 

a) $0°¢°Csetnes O: electronic structures for the Diels—Wolf formula, only the 

** first three are collinear, (iv) and (v) being angular. Re- 

a oo). nweemeneeet.  sonance between these forms might therefore lead to a 

(iii) +O.C...C.C...0+ finite observable moment. The contributions of the above 

= .. Structures to the normal state of the molecule are in the 

liv.) *O2°2C:2C:2:C::0: decreasing order (i>ii..... ) of importance given by 

a Brockway and Pauling (loc. cit.); that nos. (iv) and (v) are 

Ww.) t0°2Cii2Cti:O; not impossible, however, is shown by the course of the 

many addition reactions in which the suboxide takes part. 

(e) Dipole Moment of Carbonyl Chloride in Carbon Tetrachloride Solution.—Saville and 

Shearer (J., 1925, 127, 591), from X-ray spectra of long-chain aliphatic substances, inferred 

that the valency angle of the carbonyl group was approximately equal to that of the 

methane carbon atom, viz., 109—110°; other workers subsequently suggested that in some 

cases a larger angle is more correct. The point has some bearing on the matter of the 

previous sections, and it seemed possible that measurement of the dipole moment of 
carbonyl chloride might afford relevant information. 


Measurements.—The carbonyl chloride was obtained from the commercial toluene solution 
by warming, etc., as usual, except that, to minimise risk of contamination of the gas with toluene 
vapour, two double-surface condensers in series, through which cooled water was circulated, 
were interpolated as a fractionation column; the carbonyl chloride was condensed in a worm 
cooled in ice-salt, and was once redistilled immediately before the solutions were prepared. 

A trial run showed that the last operation could be done accurately enough by weight. 
The solvent used was that purified as detailed on p. 1698. Known weights (ca. 50g.) of this, 
contained in glass-stoppered flasks, were immersed in a freezing-mixture until cooled to below 
0°. The carbonyl chloride was then distilled and introduced from an extension tube on the worm 
as a liquid just above the carbon tetrachloride surface; after short standing, to reach a temper- 
ature above the dew-point, the flasks were reweighftd. The weights of solute were thus obtained 
with sufficient accuracy to make quantitative analysis of the solutions unnecessary. 

Measurements of density, refractive index, and dielectric constant were made as before. 
We found » = 1-099, whereas Smyth and McAlpine (J. Amer. Chem. Soc., 1934, 56, 1697) record 
1-18 for the gas. The details are tabulated below, the value of « for liquid carbonyl chloride 


(f,; = 1)being that of Schlundt and Germann (J. Physical Chem., 1925, 29, 353). This, combined - 


with a density value calculated from our data by application of the mixture law, leads to a figure 
for the total polarisation which is slightly lower than that obtained at infinite dilution in carbon 
tetrachloride solutions. 


Molecular Polarisation and Refractivity of Carbonyl Chloride in Carbon Tetrachloride at 0°. 


fr 10% = Myf, + Mahe ¢. S.., Pburc Dade « Pcbe Pify Py cc. 
0 154 2°2748 16317 28°116 28°116 — — 

9,302°3 153-488 2°28702 163019 28-2661 28°8544" O-4117 44:25 
13,930°3 153-234 229378 162944 28-3373 27-7243 0°6130 44-00 
15,469°6 153°149 229615  — 1°62919 28-3609 27-6811  0°6798 43°95 
17,007-0 153-065 229844 162894 28°3844 27-6378 0°7466 43-90 
20,077°0 152°896 2°30297 162844 28-4308 275515  0°8793 43°80 
60,869-0 150-652 2°35599  -1°62171 28-9185 264046 25139 41°30 
90,322°0 149-032 238735 «161676 29°1487 255765 3:5722 39°55 
10¢ 99 4-724 1-414 38°77 — 38°77 38°77 


Whence, P, at infinite dilution = 44-7 c.c. 
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Ji - 108. Np. n2. Rif, + Refp- Refs Rifi- R,, c.c.* 
0 1-47161 2°16564 26°41 26°41 fas —2 
9,302°3 1-46908 2°15821 26°2253 26°1643 006093 17°3 
13,930-0 1-47089 2°16351 26-2803 26-0421 0°2382 17°1 
17,007°0 147084 2°16337 26-2570 25-9608 0°2962 17°3 


Whence, Rp at infinite dilution = 17°4 c.c. 
pp = 0°21033\/44-7 — 17-4 = 0-21033V/27°3 = 1-099. 
* R, calc. for Na light = 17-3 (cf. Z. physikal. Chem., 1910, 75, 603). 


The dipole moment of carbonyl chloride must be the resultant compounded from that 
of the ketone group and those of the two C-Cl linkings. If ugo is taken as lying between 
2-75 and 3-00 (Wolf, Z. physikal. Chem., 1928, B, 2, 39; Wolf and Gross, ibid., 1929, B, 4, 
305) and por as 1-86 (7.¢., aS Uyecq; Sanger, Helv. Physica Acta, 1930, 3, 161), the Cl-C-Cl 
angle, 6, is calculable from ppg — 2ugq cos 0/2 = ucgg, as 9 = 127—119°. No great 
accuracy can be expected in such an estimate because no means are at present available 
to effect corrections for mutual induction and the consequent departure from vector 
additivity. It is, however, noteworthy that by equating the difference between ye,00 
and ucy,.cocy to cos 0/2*uye, and taking the dipole moment of acetyl chloride as 2-7 
(Zahn, Phystkal. Z., 1932, 33, 686), a value for @ of the same order is obtained, viz., 115°. 
The present value can be regarded as a probable upper limit for the angle between the 
remaining two valencies of a keto-carbon atom, and is to be compared with the following 
estimates : 120° (Becker and Thorpe, Joc. cit.), 109—110° (Saville and Shearer, Joc. cit.), 
110° + 5° (Dornte, J. Amer. Chem. Soc., 1933, 55, 4126), and 115° (see above). It is prob- 
able from the order of the angle that ketone-containing molecules are of the valency force 
type and could easily undergo distortion by, e.g., the spatial requirements of component 
groups. Such an explanation for the size of the carbonyl chloride angle was at first sight 
attractive because Bewilogua (Physikal. Z., 1930, 31, 265), using the X-ray method, had 
found 124° for the CI-C-Cl angle in methylene chloride. Two sets of facts militate against 
the likelihood of such a steric effect being operative : (1) Dornte (J. Chem. Physics, 1933, 
1, 566, 630) has found that methylene dibromide and di-iodide also have angles of 125° + 5°, 
notwithstanding the increase of the diameter of the halogen atom involved from 2 A. to 
2:7 A.; (2) inspection of scale drawings on the basis that the radii of the carbon and the 
chlorine atom are 0-76 and 1-0 A. respectively (Goldschmidt, Trans. Faraday Soc., 1929, 
25, 282), and that the chlorine atoms are surrounded by an impenetrable envelope ca. 
0-5 A. thick (Sidgwick, ‘‘ The Covalent Link in Chemistry,” Cornell Univ. Press, 1933, 
p. 233), shows clearly that the Cl-C-Cl angle can be as small as 117° and yet conform to the 
above postulates. 


UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, July 31st, 1935.] 





403. The Reaction of Hydrogen and Deuterium with Ethylene 
at a Nickel Surface. 


By T. TucHotski and Eric K. RIDEAL. 


ALTHOUGH an exchange reaction (A. and L. Farkas and Rideal, Proc. Roy. Soc., 1934, A, 
146, 630; Melville, this vol., p. 803) readily takes place between hydrogen-containing 
unsaturated organic compounds and deuterium at catalytic surfaces, the mechanism of the 
actual process of hydrogenation is not yet elucidated. It is known from the work of Rideal 
(J., 1922, 121, 309), zur Strassen (Z. physikal. Chem., 1934, A, 169, 81), and Maxted and 
Moon (this vol., p. 1190) that the temperature coefficient at low temperatures undergoes a 
reversal in sign at higher temperatures. 
It has been suggested that the reaction velocities below and above the inversion temper- 
ature are given by 
k = ae~@—-Mvd/FT and k = ae~@- Gi — Can/kT 
respectively, where E, Qy,, and Q,.4, denote respectively the energy of activation and the 
5s 
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heats of adsorption of the reactants, #.¢., at higher temperatures the adsorption of the 
ethylene becomes less and thus the amount adsorbed is determined by its energy of 
desorption and the temperature of the catalyst. Heats of adsorption of ethylene and other 
organic compounds have indeed been calculated on these premises. 

It was thought that some further light might be thrown upon the mechanism, especially 
as to whether hydrogen or ethylene controlled the rate of hydrogenation above and below 
the inversion temperature, by investigating the addition reaction with both hydrogen and 
deuterium under strictly comparable conditions. 


EXPERIMENTAL. 

The reaction system in its final form, constructed throughout of soda glass, is shown in 
Fig. 1. The reaction vessel V, of 150 c.c. capacity, contained a 25-cm., 0-2 mm.-diameter, nickel- 
filament spot welded to alloy leads, and was connected as shown; M, and M, were mercury 
traps. The filament was rendered catalytically active by superficial oxidation in air at 600°, 
followed by reduction in hydrogen at 330°. Loss in activity after prolonged use was restored by 


Fic. 1 Fic. 2. 
H, C: To ett. 
‘e 2, 2s 770 pumps.e 60 aes 


ya 






























20 4 a 























0 
100° 125° 150° 175° 200° 
Temperature. 





| iran 
| sauge 
l V 


heating to 200° in hydrogen or deuterium at low pressures (ca. 0-1 mm.). Temperature was 
measured by a determination of the electrical resistance of the wire which served as one arm of a 
Wheatstone bridge. The reaction vessel was maintained at the required temperature (constant 
to + 0-5°) by an electric furnace or by suitable constant-temperature baths. Hydrogen was 
purified by passage over hot copper coated with palladium, through charcoal cooled in liquid 
air, and finally by diffusion through a palladium tube. Deuterium, prepared by decomposition 
of 96% deuterium oxide on a hot tungsten filament, was purified in a similar manner to the 
hydrogen. Cylinder ethylene was purified by repeated fractionation. The gases were stored 
over sodium, and introduced into the reaction system through the taps T,, T;, and T;, the 
mercury trap M, (immersed in solid carbon dioxide—acetone), and finally over a piece of gold 
foil. Before every experiment, the system was thoroughly evacuated, and the reaction vessel 
and the connecting tubes were heated with a semi-luminous gas flame. The gas pressure was 
measured to + 0-025 mm. with a Bourdon glass-spring gauge of ca. 25 c.c. capacity. 

This arrangement was only adopted after several different designs had been tested, for, in 
allowing a mixture of gases of different molecular weights to flow from one vessel to another, 
there is always a separation of the two gases; the theoretical equation for the maximum separ- 
ation possible in a System where the mean free path is large compared with the diameter is given 
by Rayleigh’s formula (H,/H,)/(X,/X,)* = (P,/P)*", where H,, X,, Po refer to the initial 
and H,, X,, and P to the final values of the composition and pressure, and s for hydrogen and 
ethylene is */28/2 = 3-8. If, on the other hand, one gas is admitted after the other at high 
temperatures, an appreciable amount of reaction may take place during the admission of the 
second gas, unless this operation is performed quickly, and correct velocity curves are difficult 
to obtain. 
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Results. 


At — 23° (the m. p. of carbon tetrachloride), the reaction velocity was extremely slow, only 
6% conversion occurring in 30 minutes. At 0° and higher temperatures, the reaction proceeded 
at a steady rate and was almost of zero order, as is shown by the following data, where ¢ is in 
minutes and Pin mm. : 








Nickel I. Nickel II. 
Temp. 0°; vol. of system, 205 c.c. Temp. 17°. 
H,, 8 mm.; D, 8mm.;_ " ‘Hy, 2:1 mm.; D,, 2°] mm.; 
C,Hy, 5-2 mm, C,H, 4°98 mm, C,H,, 1°37 mm, C,H,, 1°31 mm. 
t. P. APIt. t. =. AP/t. t. P. AP /t. t. F. APit. 
2 1:05 0°52 2 0°65 0°32 3 021 £0:070 3 O13 0:043 
3 1:37 0°46 4 1-08 0°27 7 0650 #£40°071 6 026 0:043 
5 2°10 0°40 6 1-60 0°27 9 O71 #£4«20:079 9 044 0°049 
8 2°95 0°37 9 2°39 0°27 12 O92 0-075 12 058 0-048 
10 3-00 0°35 12 2°85 0°24 15 1°13 0:075 15 0°74 0°049 
13 4°42 0°34 18 3-28 0°22 17 1:24 0°073 18 0°84 0°047 
20 4:05 0°21 19 137 0°072 21 0°92 0°044 
22 4°53 0°21 24 1:07 0°045 


29 131 0-044 


In the determination of the temperature coefficient of the reaction, carried out over an 
extensive range of temperatures, it was necessary to perform experiments alternately with 
hydrogen and deuterium, and in each case the nickel wire was rendered uniformly active by 
heating to 200° in the appropriate gas before evacuation and subsequent admission of the 


reacting gases. 


Apart from a small relative increase in the velocity of the reaction initially, where errors 


caused by inaccuracy in the time of admission and by hydrogen or deuterium occluded in the 
wire are at a maximum, the curves obtained at any one pressure of gas, especially at low 
pressures, approximate very closely throughout to zero-order reactions, and the calculations 
based on the temperature coefficient in this paper utilise a zero-order equation. 


The results obtained from the equation k = AP/t,, where #, is the half life 6f the reaction and 


AP the total pressure decrease, together with the ratios of the velocity constants for hydrogen 
and deuterium, are given in the following table, and the results for one nickel wire (IV) are shown 
in Fig. 2, Curves I and II. 





Nickel I. Nickel IV. 
Peeerasaene, ag “ i 
C,H,+H,(D,), mm. 5+8 5+8 34+5 3+5 5+5 3+5 5+5 3+5 3+5 
pS ee 0° 17° 120° 139° 139° 165° 168° 180° 198° 
hy = AP/ty «......0.000 0°40 0°58 31 3°36 2°80 1:90 1°84 1-01 0°81 
hp = AP/ty ......0.000 0°24 0°38 2°25 2°54 1-92 1°84 1-83 1:34 0°54? 
Ribllhiis, “etheeshcdéccsteie 1-66 1:52 1:38 1:32 1:46 1:03 1-01 0°75 1°5? 


From these experiments it would appear that the reaction of ethylene with deuterium has a 


maximum velocity between 139° and 165°. This result was confirmed by two series of experi- 
ments (carried out with deuterium only). In the first series, the partial pressures of ethylene 
and deuterium were 3 mm. and 5 mm. respectively; in the second, both gases were at an equal 
partial pressure of 5mm. The results are shown in the following tables and in Fig. 2, Curves 
III and IV. Hence, we find that the maximum velocity of the reaction between ethylene and 
deuterium is obtained at 160°. 


3 mm. C,H, + 5 mm. D,. 


IE, cc atastidtsxeveis 100°5° 120° 138°5° 159°5° 179°5° 200° 
kp = APIy .......0004 1°45 2°25 3°76 6°23 2-90 2°35 
5 mm. C,H, + 5 mm. D,. 
elle eel kL 136° 162° 163° 139° 179° 
| RL Es 1°63 2°50 2°52 1°66 21 
DISCUSSION. 


The hydrogenation of ethylene proceeds more rapidly with light than with heavy 


hydrogen below the temperature at which the inversion of the temperature coefficient takes 
place. 


The difference in the energies of activation for the reaction velocities of the two hydrogen 
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isotopes between 0° and 20°, calculated by means of the van ’t Hoff isochore log k,/k, = 
AE(1/T, — 1/T,)/R, is AE = 0-79 kg.-cal. At higher temperatures, up to 140°, AZ is 
somewhat less, viz., 0-5 kg.-cal., and above 140° the two reactions proceed with nearly 
identical speeds. Pease and Wheeler (J. Amer. Chem. Soc., 1935, 57, 1149) obtained for 
the hydrogenation of ethylene on a copper catalyst the following values for ky/Rp: at 0°, 
1-59; at 184°, 1-34; at 306°, 1-04. Similar values were obtained by Klar (Z. phystkal. 
Chem., 1934, B, 27, 319), using an iron catalyst. 

We infer that zur Strassen’s suggested mechanism by which the temperature coefficient : 
undergoes a change in sign cannot be correct, for this is dependent, according to the hypo- 
thesis, on the evaporation of the ethylene, leaving the hydrogen mechanism unchanged. 

Although no complete formulation can be advanced at this stage, yet certain definite 
conclusions may be drawn from these experiments which throw some light on the actual 
mechanism. It is evident that two separate reactions control the process, one operative at 
low temperatures, the other at high. The value of the difference in the energies of activ- 
ation for hydrogen and deuterium at low temperatures, AE = 0-79 kg.-cal., is in close agree- 
ment with the value of AE = 0-7 kg.-cal. calculated by Eyring and Sherman (J. Chem. 
Physics, 1933, 1, 348) for the zero-point energy difference between Ni-H and Ni-D and 
obtained by Melville (J., 1934, 804) for the hydrogen-nitrous oxide and the hydrogen-— 
oxygen reaction at a nickel surface. We may thus infer that the low-temperature reaction 
is controlled by the rate of activation of chemiadsorbed hydrogen in the form of NiH. 
Recent experiments by Melville and one of the authors (E. K. R., in the press) on diffusion 
of the isotopes through metals suggest that the actual mechanism involved is the activated 
migration of NiH, or more probably H, from one nickel atom to a chemiadsorbed ethylene 
molecule, the energy of activation for migration sufficing also for reaction. In the high- 
temperature region there is no difference in reaction velocity between the two hydrogen 
isotopes; the rate must therefore be controlled either by a reaction involving identical 
energies of activation for the ethylene, the negative temperature coefficient being due to 
desorption of the ethylene, or, more probably, by some reaction involving the hydrogen 
which does not involve a zero-point energy difference. 

Both Langmuir (cf. Trans. Faraday Soc., 1921, 17, 607) and Roberts (Nature, 1935, 
135, 1037) have advanced arguments to support the view that, above a chemiadsorbed 
monolayer of gas on a metal surface under suitable conditions, there exists a second layer 
held by van der Waals forces, and Roberts has shown furthermore that the chemiadsorbed 
monolayer is never complete. The experiments of Melville and one of the authors, referred 
to above, have shown that the penetrations of both hydrogen and deuterium from the van 
der Waals layer into the metal proceed with identical energies of activation. 

If the lower-temperature reaction involves the diffusion of hydrogen already persorbed 
by the metal, it is possible that at high temperatures the rate of supply of hydrogen from the 
van der Waals layer by penetration may limit the rate of reaction, and for this reaction both 
hydrogen and deuterium penetrate at equal speeds for equal densities of population in the 
van der Waals layer. Further experiments are required to decide between these 
alternatives. 















































SUMMARY. 


It is shown that the reaction between normal and heavy hydrogen with ethylene on a 
nickel surface catalyst is of zero order between 0° and 17°. At low temperatures (— 23°) 
the velocity is extremely slow, probably on account of a very high adsorption of ethylene. 
The velocity coefficient of hydrogenation of ethylene with hydrogen at 0° is 1-5 times 
greater than that with deuterium (96% D). At high temperatures the speeds are identical. 
The difference inenergy of activation is about 790 cals. at 0—17°, and about 500 cals. 
at 120—139°. Both velocity coefficients increase with rising temperature, but for hydrogen 
the maximum is at about 140°, and for deuterium at about 160°. 

A tentative proposal for the mechanism of the reaction is given. 


One of us (T. T.) wishes to thank the Polish National Foundation for a grant. 
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404. Nucleus Formation on Crystals of Nickel Sulphate Heptahydrate. 


By W. E. GARNER and W. R. SouTHON. 


In an earlier communication (Garner, Gomm, and Hailes, J., 1933, 1393) it was suggested 
that induction periods in solid reactions were mainly due to an abnormally slow initial 
rate of nuclear growth. This hypothesis was supported by an investigation on the 
dehydration of crystals of copper sulphate pentahydrate (Bright and Garner, J., 1934, 
1872) in which it was shown that there was an induction period in the appearance of 
nuclei traceable to a slow rate of growth below a nuclear size of 10 cm. Similar induc- 
tion periods in the appearance of nuclei have been found by Kornfeld (Phystkal. Z. Sowjet 
Union, 1935, 7, 432) in the recrystallisation of stretched aluminium wire, the length of 
the nuclear induction period increasing with the extent of the distortion of the metal. 

Since it is not possible to measure the rate of growth of nuclei before they have 
reached 10“—10- cm. in size, it is as yet uncertain at what stage in the building up of 
the nuclei the abnormally slow rate of growth occurs. The delay may occur when the 
nuclei are composed of very few molecules, or it may not arise until they have reached a 
size commensurate with that of the mosaic structure of the crystals. In the present 
investigation special attention has been devoted to this aspect of the problem of nuclear 
formation, as well as to such questions as the nature of the laws governing the rate of 
formation of nuclei and the activation energies of the processes involved. Some improve- 
ments in technique have been made in order to eliminate nuclei due to scratches and dust 
particles and with a view to an improvement in the reproducibility of the various types 
of measurement. 


EXPERIMENTAL. 


Aqueous solutions of Merck’s cobalt-free nickel sulphate, saturated at 30°, were crystallised 
in flat dishes, watch glasses being held 0-5 cm. above these as a protection from falling dust. 
The dishes were placed on glass shelves in an air thermostat at 20°, and the crystals could be 
viewed from underneath without disturbing the solution. Evaporation was rendered irrevers- 
ible by solid caustic potash placed at the bottom of the thermostat. On removal of a crystal 
from the solution, the upper face, (110), was carefully drained by tilting it so that one edge 
was just below the solution, and this surface was not touched in any way before the crystal 
was placed in its support in the apparatus (see Fig. 4, J., 1934, 1877). This mode of 
treatment of the surface eliminated all extraneous nuclei such as those observed to be 
formed in the case of copper sulphate pentahydrate during the induction period, where the 
surfaces of the crystals were dried by means of soft filter-paper. This indicates that the 
nuclei obtained in the latter case must have been due to foreign particles, such as dust, etc., 
or to scratches. It was possible to store the crystals, without the occurrence of any appre- 
ciable change in their surface properties, in a desiccator at 20° containing a mixture of powdered 
hepta- and hexa-hydrate * (see Tables I and II). In the following experiments, only those 
surfaces were used which showed no imperfections under the microscope. 

The only other modification made in the experimental technique was that a small cell 
containing cobalt nitrate was placed in front of the observation window to reduce the amount 
of light reflected from the nuclei formed on the back of the crystal. It was found impossible 
to employ the photographic method of counting the numbers of nuclei, since these were semi- 
transparent half-ellipses and not easily photographed. All counts and measurement of rates 
of growth were therefore made visually, and between 0° and 22°. All observations were made 
on the (110) face. 

Resulis.—Shape of nuclei and their distribution over the surface. The main axis of the 
ellipse was on the surface of the crystal (Fig. 1). There was only one direction of growth 
on the surface, in contrast to copper sulphate pentahydrate, which had two; this direction 
was parallel to the c-axis, and the growth into the interior made an angle of 45° to the surface. 
The extreme limit of penetration of the interior growth was always curved, but inside this 
limit there was a darker area with an irregular outline (Fig. 1b and Ic). The microphotographs 
were taken immediately after removal from the apparatus, for the nuclei lose their shape after 


* Crystals stored for 25 days in the desiccator still gave satisfactory results. 
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a few hours’ exposure to the atmosphere. 
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Fig. la illustrates the nature of the curvature of 


the inner edge of the nuclei, 1b and Ic the inner nuclear structure, and 1d the appearance of 
In the last photograph, the nuclei appear as bright 


the nuclei when very small, ~ 10-* cm. 
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in size, varies from 16 minutes at 22° to 178 minutes at I°. 


spots to which are attached much 
fainter half-discs. This structure would 
appear to indicate that the growth of 
the nuclei is a two-stage process. The 
approximate sizes of the nuclei and the 
temperatures of dehydration are shown 
in Fig. 1. 

The nuclei showed no special tend- 
ency to form on the edges of the crystal 
unless these were scratched, and their 
distribution was usually fairly uniform 
over the surface except where some 
mother-liquor had been left to evapor- 
ate. When the distribution was not 
uniform the crystal was rejected. 

Increase in the number of nuclei with 
time. The time which elapses before 
any nuclei become visible, 7.e., 10-* cm. 
With crystal faces prepared as 


described previously, and not scratched in transference, no nuclei could be observed within 


these intervals of time. Usually, counts 
were continued until 500—1000 nuclei 
were seen. The manner in which the 
numbers increase with time is shown by 
typical curves in Fig. 2, and although 
the numbers obtained lie on approxim- 
ately smooth curves, occasionally there 
are small steps on the curves (Fig. 2, II). 
It is uncertain whether these irregu- 
larities are due to variations in the 
conditions of lighting during an experi- 
ment or to sub-microscopic inequalities 
of the surface. It is believed, however, 
that the latter is the case, for they 
become much more marked if measure- 
ments are made on smaller areas of the 
field. They are not entirely due to 
statistical causes. 

It is difficult to determine exactly 
the length of the induction period from 
the curves in Fig. 2 owing to the nature 
of their approach to the ¢ axis. The 
difficulty can be overcome by plotting 
log N against log #, which gives a line 
gently curving away from the log N axis. 
Typical plots are given in Fig. 3. The 
intercept on the log / axis gives the time 
at which the first nucleus appears. This 
gives a result free from the fluctuations 
which necessarily occur when small 
numbers of nuclei are in question. The 
induction periods are given in Table I, 
together with other data about the 
crystals. It will be seen that at 1° five 
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Ai and Bi, log N against log (t — ). 
Aii and Bii, log N against log t. 


experiments gave induction periods lying between 150 and 190 minutes, but that in two cases 
no nuclei formed at all within this time interval. For crystal No. 13, nuclei first appeared at 


495 minutes, and for No. 55 no nuclei were formed after 32 hours in a hard vacuum. 


It is clear, 
















Fic. 1. 
Nuclei on NiSO,,7H,O. 


(a) 1°; 0-2 mm. (>) 18-5°; O-l mm. 





(c) 18-5°; 0-3 mm. (d) 0-01—0-06 mm. 


(To face p. 1706. 
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therefore, that the nuclei observed after the shorter times must be due to imperfections on 
the surface of a type not present on crystals Nos. 13 and 565. 

The general impression is that there are several types of imperfection on which nuclei may 
form, and that these possess different induction periods. In certain experiments, Nos. 49 
and 50, counts were continued at 1° until no more nuclei were formed, but when the temper- 
ature was then raised to 20°, nuclei formed in large numbers. In Expt. 55, too, nuclei 
appeared when the temperature was raised to 20°. It will be observed from col. 3, Table I, 
that the number of nuclei formed on a fixed area of surface varies widely from one surface to 
another, and from col. 4 that the induction periods are not constant from crystal to crystal 
but vary within certain limits. These variations are probably connected with the nature of 
the surface structure of the crystals (see p. 1708). 

After the induction period 4, the numbers of the nuclei increase at a rate proportional to a 
power of the time, which is in the neighbourhood of 2 on the average. This was determined 
by plotting log m against log (¢ — 4). In Fig. 3 are given two such plots, Ai being obtained 
from the results shown in Fig. 2, I, and Bi from Fig. 2, II. The former is typical of the 
majority of the curves obtained, although in many curves the points lie closer to the straight 
line than in the example given, and the latter is typical of those showing steps on the N-? 
curves. There were occasional departures from the square law (see Table I, in which the 
power varies between 2 and 3). 

The activation energy calculated from the change in length of induction period with 
temperature is approximately 19-0 kg.-cals., which is slightly larger than that found for 
CuSO,,5H,0, viz., 16 kg.-cals. 





TABLE I, 
Increase in the Number of Nuclei with Time. 
Induction period, 4, dlogN_., 
Crystal No. Temp. Range of N. mins., and mean. @ log (¢ — &) 

7* 1°6° 1200 180 2-2 
ll 16 1700 175 1°95 
13 16 137 (495) —— 
49 * 1-0 63 165 |178 os 
50 * 10 5 190 — 
52 10 1550 150 19 
55 * 115 0 > 1920 _— 
38 8 430 85 2°0 
39 8 518 78 2°0 
40 * 8 165 97 -89°6 2°2 
41 8 1000 87 2°5 
42 8 480 102 2°45 
15 15 400 48 18 
16 15 1330 50 2°7 
17 15 910 50 50°6 2°0 
18 15 226 35 18 
20 15 535 60 18 
21* 15 195 60 2°2 
32 22 — 15°75 — 
33 22 210 16 2°0 
34 22 _— 16°25 +16 — 
35 22 _ 16 _ 
36 22 — 15 _— 


* Crystal stored in desiccator. 


Rates of growth of the nuclei. The lengths of the lines exposed by the nuclei on the surface 
were measured by means of a micrometer eyepiece as soon as possible after the nuclei became - 
visible. Measurements were made at intervals until the nuclei came into contact with one 
another, and groups of 5—15 nuclei were measured over the same interval of time. The 
average values of the rates of growth for each group were linear above 2—5 X 10-* cm. 
nuclear size. It was observed that below 5 X 10-* cm. the growth was sometimes discon- 
tinuous, a nucleus remaining at one length for many minutes, and there was a tendency for the 
nuclei to increase in length in steps. The average rate of growth for different crystals and for 
different portions of the area of the same crystal may not be the same at constant temperature, 
indicating that the rate of growth is affected by irregularities of crystal structure. The 
irregularities in rate of growth are more marked at the lower temperatures. All the results 
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obtained are given in Table II, from which it will be seen that the rate of growth is not a 
physical constant. 
TABLE II. 


Rates of Growth of Nuclei. 


Average rate of growth, Time required to reach 


Crystal No. Temp. cm./min. x 10*. visible size (10-* cm.), mins. 
51* 10° 0-4 
54 * 11 0: rid | 0°42 23°7 
56 * 1:25 0: 34 | 
45 * 8 0°73 ~ 
46 * 8 1°18 ‘ 
47 * s 1: lo ni 
48 8 0-90 
23 15 2°8 
25 15 2°85 - 2°83 3°54 
26 * 15 2°85 
58 18°5 2°6 e 
59 18°5 4:05 2° 
60 * 18°5 4-9 [366 
61 18°5 4:0 
28 22 4-2 
34 22 42 he 18 2°39 
36 22 +3 | 


* Crystal stored in desiccator. 


The times taken for the nuclei to reach visible size, on the assumption that below 10-* cm. 
they grow at the same rate as above 10-* cm., are given in Table II. These times are much 
smaller-than the interval which elapses from the beginning of the experiment up to the first 
appearance of the nuclei (Table I).* This means either that the nuclei do not commence to 
form immediately the vacuum is applied, or that they grow at an abnormally slow rate up to 
10-*cm. The latter is the more reasonable explanation (see J., 1934, 1872). The activation 
energy for the linear rate of growth is 19-0 kg.-cals. approximately. 


DISCUSSION OF RESULTS. 


It has been shown that the nuclei increase in number with time according to the 
equation N, = A(t — 4)*, where ¢, is the time taken for the nuclei to become visible. The 
nuclei can form only at a limited number of places on the surface, and if the loss of a 
number of water molecules in one operation at such places were responsible for initiating 
the nucleus, then it might be expected that in the initial stages the number formed would 
be directly proportional to the time. This appears to be the case for copper sulphate 
pentahydrate, although here the counts were to some extent affected by nuclei formed 
during the induction period. The observed result for nickel sulphate heptahydrate can 
be accounted for by assuming that two successive, independent abstractions of water 
must occur before a nucleus can commence to grow, and the probability of this happening 
must increase as the square of the time. Since in many crystals the number of nuclei 
increases as a power of the time which is greater than 2, it would appear that some centres 
must require more than two independent abstractions of water before the nucleus can 
start to grow. Very probably the imperfections at which the nuclei arise have a variable 
structure and the mechanism of nuclear formation varies from one centre to another. 
On the basis of this theory, however, the first two or three steps in the dehydration 
process take place much more slowly than those occurring subsequently. 

There is, however, an alternative explanation of the relationship, N, = k(t — 4), 
which is based on.the view that the centres at which nuclei are formed possess a variable 
structure of such a character that the length of the induction period for the individual 
nuclei varies from one nucleus to another. The shape of the N-¢ curve would then 
depend on the numbers of the centres of the various types, and it is a matter of chance 
that the distribution of the centres and the induction periods of the nuclei lead to the 
above relationship. It is not possible at present to decide between the two alternatives. 


* For CuSO,,5H,0O the discrepancy is twice as large as for NiSO,,7H,O. 
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A nucleus, so started, does not grow at the maximum rate until it has reached 10 cm. 
in size. This might have been due to the large energies of activation required for the 
removal of water molecules in the early stages of growth, but the fact that the temper- 
ature coefficient of the induction period is the same as that of the normal rate of growth 
(Fig. 4) does not support this view. This result shows, rather, that the individual pro- 
cesses by which the nuclei grow possess the same activation energy throughout the 
induction period as afterwards. This confirms the result of the investigation on copper 
sulphate, but still leaves the question uncertain as to the cause of the slow rate of growth. 
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It is possible that, as the nucleus increases in size, its rate of growth is accelerated by 
mechanical strains. 

The variation in the lengths of the induction period and rates of growth of nuclei at 
constant temperature must be ascribed to some irregularity of the surface structure such 
as would arise if there were an imperfect arrangement of the units of the lattice. 


SUMMARY. 


The nuclei formed on dehydration of nickel sulphate heptahydrate consist of half- 
ellipses with one direction of growth on the crystal surface and the other into the interior 
at an angle of 45° to the surface. Before nuclei appear there is an induction period which 
decreases in length with rise in temperature. The rate of growth of the nuclei is linear 
above 10° cm., but is abnormally slow during the induction period. The temperature 
coefficient of the induction period is the same as that of the rate of growth. The numbers 
of nuclei increase with time according to the equation N, = k(t — ¢,)?. 


Our thanks are due to Imperial Chemical Industries Limited for a grant for the purchase 
of apparatus. 
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405. Dielectric Polarisation and Molecular-compound Formation 
in Solution. Parts I and II. 


By D. P. Earp and S. GLASSTONE. 


Part I. The Structures of the Compounds of Ethers with Some Halogeno-methanes 
and -ethanes. 


Two views are generally held concerning the structure of the compounds formed between 
apparently saturated organic molecules. According to the older theory, it is supposed 
that the different molecules are held together by physical forces, presumably of a van der 
Waals or dipole-association type; in recent years there has been a growing opinion that in 
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some cases, at least, of molecular-compound formation the constituent molecules are held 
together by a definite co-ordinate link (cf. Lowry, Chem. and Ind., 1924, 48, 418; Bennett 
and Willis, J., 1929, 256; Moore, Shepherd, and Goodall, zbid., 1931, 1447). One method 
for distinguishing between the two possibilities, suggested by Bamberger and Dimroth 
(Annalen, 1924, 438, 67), has been recently applied by Hammick and Sixsmith (this vol., 
p. 580) to the compound formed between a nitro-derivative and a hydrocarbon: the 
results of the investigation appear to provide clear proof that in the particular case studied 
true chemical combination occurs. Another method, now to be described, is based on the 
measurements of dielectric polarisation; it is reasonable to suppose that, if compound 
formation involved dipole association, the polarisation of a mixture of the two components 
would be less than the sum of the separate values, whereas the introduction of a co-ordinate 
link, resulting from chemical union, should result in a definite exaltation of the polaris- 
ation. There seemed some evidence from published data that such increases do in fact 
occur where compound formation appears probable (Ebert, Naturwiss., 1925, 13, 68; 
Hassel and Uhl, Z. physikal. Chem., 1930, B, 8,187; Jenkins, Nature, 1934, 134, 217). 

The systems chosen for examination in this work were those consisting of an ether and a 
tri- or a tetra-halogenated methane; it is well known that ethyl ether and chloroform 
form solid compounds (see Wyatt, Trans. Faraday Soc., 1929, 25, 49), and measurements of 
the vapour pressure, viscosity, and heat evolution of the two liquid components indicate 
that the compound formation occurs in the liquid phase. The dielectric constants of 
ether-chloroform mixtures also show marked abnormalities (Philip, Z. physikal. Chem., 
1897, 24, 18; Schultze, Z. Elektrochem., 1912, 18, 77; Sayce and Briscoe, J., 1926, 2623), 
and hence it seemed that the polarisations might reveal results of interest (cf. Hassel and 
Uhl, Joc. cit.). Carbon tetrachloride also forms solid compounds with ether (Wyatt, Trans. 
Faraday Soc., 1929, 25, 43), and although the deviations from ideal behaviour in the liquid 
phase are not very marked, mixtures of this type appeared to be worthy of investigation. 
In the course of the present work the following systems have been studied : ethyl ether with 
chloroform, bromoform, iodoform, «««-trichloroethane, carbon tetrachloride and tetra- 
bromide, and penta- and hexa-chloroethanes; isopropyl ether with chloroform, bromo- 
form, and carbon tetrachloride and tetrabromide; and £§’-dichlorodiethyl ether with 
chloroform. ; 

In the preliminary experiments, mixtures of ether and chloroform were prepared in 
cyclohexane, and the dielectric polarisations determined; deviations were observed from 
strict additivity, but these were too small to be reliable for the calculation of a mass-action 
constant. After the method had been abandoned, analogous experiments with n-butyl 
alcohol and hydrogen chloride in benzene solution were reported by Williams (J. Franklin 
Inst., 1935, 219, 47), who found the same difficulty in interpreting the results. By the 
use of binary mixtures only, as described below, it has been possible to obtain evidence as 
to the structures of various molecular compounds in solution, to estimate the amounts of 
compound formed in various mixtures, and to calculate mass-action constants. 


EXPERIMENTAL. 


Dielectric Constants —These were measured by the heterodyne method, with the apparatus 
shown in Fig. 1, which differs from most others in that it is operated entirely from the A.C. 
electric mains. Provided the current were switched on about one hour before measurements 
were made, no difficulty was experienced in obtaining reproducible results; any variation in the 
voltage of the mains affects both fixed and variable oscillators to the same extent. 

R, and R, were 20,000, R, 15,000, R, and R, 50,000, R, 300, R, 1000 (max.), R, 250,000, 
R, 10,000, and R,, 600 ohm resistances; C,, Cz, Cs, Cy, amd C,, were 4uF, Cy, Cs, Cy3, and Cy, 
2uF, C, and C, luF, C, 0-000luF, C,, 8uF (electrolytic), C,, 0-002 uF, condensers; L, and L, 
were 35-turn, L, and L, single-turn, L, 40-turn and L, 33-turn, inductances; L, and L, were 
high-frequency chokes. The valves used were Mullard AC104 (V,), Osram MH4 (V,) and Mazda 
AC/Pen. (V3). 

The condenser cell (C,,) for the test liquid was similar either to that described by Hartshorn 
and Oliver (Proc. Roy. Soc., 1929, A, 128, 664) or to those used by Sugden (J., 1933, 768), accord- 
ing to the dielectric constant of the liquid; the results obtained from both types were almost 
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identical. Mixtures containing carbon tetrabromide or bromoform were found to attack 
nickel, ‘‘ staybrite ’’ steel, and silver; for such liquids a vessel of the Hartshorn and Oliver type 
with rhodium-plated condenser plates was used. The standard variable condenser (C,,) had a 
maximum capacity of 360 puF; it was made by Gambrell Bros., and calibrated at the National 
Physical Laboratory. The leads making connexion between the dielectric cell (C,,) and the 
variable oscillator were enclosed in earthed brass tubes, in order to eliminate capacity changes 
caused by the presence of the operator, and compensation for the capacity of these leads was 
obtained by the use of a second set of similar enclosed leads (Fig. 1). Allowance for the effect 
of residual capacities was made by using pure benzene, e = 2-282 at 20° (Hartshorn and Oliver, 
loc. cit.), as a standard. The actual manipulation of the apparatus followed conventional lines 
and need not be described. 

All measurements were made at 20°, a Dewar vessel containing water being used as a thermo- 
stat. The dielectric cell was completely surrounded by an earthed copper jacket; experiments 
showed that capacity effects due to the thermostat could be eliminated in this manner. 
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Density and Refractive Index.—Densities were determined by means of U-shaped pyk- 
nometers, the ends being closed with ground glass caps. Refractive indices were measured in a 
Piilfrich refractometer at 20°. 

Materials.—Ethyl ether. This was washed thoroughly with dilute caustic soda solution, 
then with water several times, dried over calcium chloride, and finally over sodium wire; it was 
distilled from sodium as required; b. p. 34-6°. 

Chloroform. Refluxed for several hours with, and distilled from, phosphoric oxide; b. p. 
61-1—61-2°. 

Bromoform. Washed thoroughly with water, dried with calcium chloride, and fractionated 
in a vacuum; b. p. 46°/15 mm. 

Iodoform. Recrystallised from alcohol, m. p. 119° (decomp.). 

Carbon tetrachloride. Pure commercial specimen dried over calcium chloride and distilled ; 
centre fraction, b. p. 76-5°. 

Carbon tetrabromide. Pure crystals (B.D.H.). 

isoPropyl ether. Kept over sodium, distilled, and redistilled after again standing over 
sodium; b. p. 69-1°. 

68’-Dichlorodiethyl ether.—Dried over sodium, distilled, and redistilled; b. p. 177—178°. 

Ethylene dibromide. Dried over phosphoric oxide, and fractionated; b. p. 131-6°. 
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Hexachloroethane. Recrystallised from alcohol-ether. 

Pentachloroethane. Dried over phosphoric oxide; constant-boiling fraction, b. p. 161—162°, 
used. 

aaa-Trichloroethane. This was prepared by Regnault’s method (Amnalen, 1840, 38, 317), 
careful fractionation being necessary; b. p. 74-5—75-0°. 

cycloHexane.—A large quantity of commercial material was dried over sodium and fraction- 
ated, b. p. 80-8—81-0°; this was not quite pure, but portions of the same specimen were used 
throughout the work. 

In addition to the mixtures already mentioned (p. 1710), measurements were also made of 
each of the individual substances in the non-polar liquid cyclohexane; mixtures of chloroform 
and ethylene dibromide were also studied for reasons which will appear later. 


Results. 


From the measurements of dielectric constants and densities, the total polarisations of the 
mixtures (P,,) were calculated; from these the molar polarisation of one component (P,) was 
determined in the usual manner by the equation P,, = f,P, + f,P,, the polarisation of the 
other component (P,) being assumed to be equal to that in the pure liquid state and to remain 
constant throughout. When the molar polarisation of the one component, e.g., ethyl ether, in a 
mixture, e.g., with chloroform, was plotted against its mol.-fraction, and the curve compared 

with the corresponding values in cyclohexane, an 

Fic. 2. interesting result was observed (see Fig. 2). The 

polarisation of the ether in the chloroform mixtures 
is not only greater than in cyclohexane, but there is, 
further, a more rapid increase at high dilutions; a 
similar effect is shown by the molar polarisations of 
a chloroform in ether solutions. It is of interest that 
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in the measurements of Krchma and Williams (J. 
oe Amer. Chem. Soc., 1927, 49, 2408) on ether in carbon 
“<> ~ tetrachloride there is evidence of an increase of the 

2m, molar polarisation of ether at small concentrations, 

which has been confirmed by the present authors ; 
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Li carbon tetnch ‘ania the aforementioned workers neglected the high 

——— ee Ania value, as it was attributed to experimental error 

In re (private communication from Professor Williams), 

a ~ ~ oe 7 but in the view of the other results now reported 

Mol.-Fraction of ethyl ether. there is little doubt that it has an important 
significance. 

A reasonable explanation for the marked increase of polarisation, above the normal value, 
in dilute solutions of ethers and halogenated paraffins is that the compound formation, which 
undoubtedly occurs in the liquid mixtures, involves the formation of a new co-ordinate link 
joining the two molecules; this will result in an increase of the molar polarisation of each com- 
ponent determined separately in the manner described. For a mixture of two substances A and 
B, forming a compound represented by A->B, the polarisation of the compound A, calculated 
from the total polarisation of the mixture, the value for B being assumed to remain constant, 
will include the contribution of the co-ordinate linkage according to the extent of compound 
formation. It is evident, from the law of mass action, that as the dilution of A is increased, the 
proportion present in the form of compound must increase, so that the calculated molar polaris- 
ation consequently increases, the effect being especially rapid as infinite dilution of A is 
approached. The extrapolated value for the polarisation of A at infinite dilution represents 
the actual value in the compound, including the new linkage, thus A>. If to this is added the 
assumed constant polarisation of B, the sum is the value for AB, i.e., the molar polarisation 
of the molecular compound. Similarly, the same polarisation for the compound should be 
obtained by determining the extrapolated value for B at infinite dilution, which gives >B, 
and adding the assumed constant polarisation of A. For example, the extrapolated polaris- 
ation of ether at infinite dilution in chloroform (Fig. 2) is 90-0, the constant value of 44-9 being 
assumed for chloroform, giving a total of 134-9; if the ether value is taken as constant at 54-7, 
then the extrapolated molar polarisation of chloroform is 78-5, the sum being 133-2 for the 
equimolecular compound. Provided the dielectric constant of the two components be similar, 
as in the case considered, it has been found generally that the two values for the polarisation of 
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the compound are quite close: when the dielectric constants are markedly different, ¢.g., for 
88’-dichlorodiethy] ether (ec = 21-17) and chloroform (e = 4-816), the results differ in a manner 
to be expected (see below). 

It should be mentioned that no abnormality was observed in the electron polarisations of the 
constituents of any of the mixtures, so the whole of the deviations observed must probably be 
included in the orientation polarisation. This is in harmony with the view that the deviations 
are to be attributed to compound formation, since a new linkage would contribute a negligible 
amount to the molecular refractivity. 

Calculations of Mass-action Constants.—In order to develop further the arguments presented, 
an attempt has been made to calculate the mass-action constants for the various equilibria 
A + B = AB, on the assumption that the compound consists of only 1 mol. of each com- 
ponent. Since the total mol.-fractions of A and B present in the mixture as made up, v?z., 
f, and f;, and the molar polarisations of A, B, and AB (i.e., P,, Ps, and Py, ,, respectively) 
are known, it should be a simple matter to calculate the mol.-fraction of compound (*) from 
the measured polarisation P, by means of the relationship 


P= P,(fa — *)/(1 — *) + Pa(fs — *)/(1 — *) + Pasr/(1 — 4), 


additivity of polarisations in solution being assumed, as usual. 

In applying this method of calculation, however, it is necessary to use values for P,, Ps, and 
Py applicable to media of the same dielectric constant as that in which P was measured. Several 
relationships between polarisation and dielectric constant have been proposed (Miiller, Physikal. 
Z., 1933, 34, 689; Trans. Faraday Soc., 1934, 30,729; Jenkins, ibid., p. 739; Nature, 1934, 133, 
106; Sugden, ibid., p. 415), but none of these proved quite satisfactory for the mixtures studied 
in the present work; it was found, however, that when the molar polarisation was plotted 
against [(e — 1)/(e + 2)]* a much closer approximation to a straight line was obtained in the 
majority of cases. Graphs of this kind were, therefore, used for the purpose of interpolating and 
extrapolating values of the polarisations for any required dielectric constant. The data for the 
P, and P, graphs were obtained from measurements of A and B respectively, in cyclohexane or in 
benzene, whereas those for P,, were derived by drawing a straight line through two points 
representing the values obtained in the manner already described. In most cases the latter 
procedure was not possible, since the dielectric constants for the two liquids were so close to- 
gether ; a constant value for P,, was then assumed throughout, the error involved in this assump- 
tion being small. Since the mol.-fraction of the compound is now known, the mass-action con- 
stant can be calculated as %(1 — *)/(f, — *)(fg — x), the activities being expressed as actual 
mol.-fractions. The results of the measurements and calculations are given below; the mini- 
mum data only, sufficient to check the figures, are quoted. The following tables are for mixtures 
with cyclohexane or, in a few instances where this appeared to give abnormal results, with 
benzene; f, and P, refer to the other constituent of the mixture, and ¢ and d%’ are the dielectric 
constant and density at 20°. 


fe é. a", Py. fe €. a0", P,. 
(I) Ethyl ether and cyclohexane. (IIb) isoPropyl ether and benzene. 
0:00000 2-033 0°7784 ~ -00000 s sie 
0°04720 2-109 0°7751 58°11 pb ot zote pind 73°95 
0°12325 2°246 0°7691 57°53 0°30333 2-881 0°8168 71°55 
0°17310 2°317 0°7664 57°17 0°47866 3-179 0°7893 70°91 
0°21749 2-398 0°7631 57°30 0°69922 3-522 0°7587 70°40 
0°50429 3°035 0°7475 55°40 1:00000 3-976 0°7239 70°25 
0°74972 3°634 0°7314 55°29 
1:00000 4°335 0°7135 54°65 
(Ila) isoPropyl ether and cyclohexane. : > 
III) Dichlovrodiethyl et. nd cyclohexane. 

0-00000 2-032 0-7784 ame GER Dichlored ean Aer EG 
0-:06900 2°147 0°7728 69°60 0-00000 2-032 0°7784 — 
0°08219 2-176 0°7720 71°02 0°07225 2-510 0°8096 161°0 
0°19207 2°373 0°7644 71°35 0°17213 3°421 0°8540 153°4 
0°20642 2°408 0°7638 71°60 0°31667 5°148 0°9187 145°3 
0°35236 2°692 0°7551 71°73 0°48756 7916 0°9953 133°1 
0°52276 3°027 0°7459 71°38 0°64967 10°95 1:0673 120°7 
0°69424 3°372 0°7375 71°12 0°81778 15°45 1°1407 111-2 
1-00000 3°976 0-7239 70°25 1:00000 21°17 1°2194 1021 
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Py. 


51°36 
50°81 
50°76 
49°14 
49°04 
47°36 
46°50 
44°89 


50°08 
49°81 
49°15 
48°16 
46°36 


60°1 
59°4 
60°7 


28°48 
28°40 
28°42 
28°28 


Ss. €. at". 

(IV) Chloroform and cyclohexane. 
0°00000 2-032 0°7784 
0°08127 2-163 0°8208 
0°11979 2°225 0°8415 
0°13658 2°255 0°8506 
0°18364 2°324 0°8770 
0°19226 2°338 0°8816 
0°56846 3°270 1°1285 
0°78515 3°959 1-2960 
1-00000 4-816 1-4890 

(V) Bromoform and cyclohexane. 
0°00000 2°032 0°7784 
0°05026 2°103 0°8645 
0°17145 2°287 1:0788 
0-38967 2°680 1-4925 
0°68373 3°367 2°1151 
1-00000 4°385 2°8904 

(VI) Iodoform and benzene. 
0°000000 2°282 0°8760 
0:007485 2°297 0°9015 
0°010653 2-302 0°9123 
0°017516 2°318 0°9355 
(VII) Carbon tetrachloride and cyclohexane. 
0°00000 2°032 0°7784 
0°27294 2°084 0°9819 
0°53458 2°137 11892 
0°77419 2°194 1:3918 
1-00000 2°242 1:5940 


Sa €. a’. Py 
(VIII) Carbon tetrabromide and cyclohexane. 
0:00000 2-032 0°7784 _ 
0°02573 2°051 0°8378 41-4 
0°05026 2°069 0°8945 41°6 
0°07225 2-087 0°9458 419 

(IXa) Pentachloroethane and cyclohexane. 
0°00000 2-032 0°7784 _— 
0°06664 2°105 0°8440 54°88 
0°14615 2-223 0°9214 56°47 
0°22539 2°334 0-9973 56°60 
0°35410 2°513 1°1183 57°20 
0°58643 2°951 1-3282 58-04 
0°80917 3°376 1-5207 58°11 
1:00000 3°833 1°6792 58°52 

(IXb) Pentachloroethane and benzene. 
0-00000 2-282 0°8760 _ 
0°05873 2°370 0°9386 57°84 
014082 2°496 1:0221 58°15 
0°24753 2°660 1°1239 58°22 
0°46450 2-973 1-3104 58°35 
1-00000 3°833 1:6792 58°52 

(X) aaa-Trichloroethane and cyclohexane. 
0-00000 2-032 0°7784 — 
0:06838 2°250 0°8124 86°35 
0°12759 2°464 0°8425 86°65 
0°25053 2-947 0-9060 84°51 
1-00000 7-518 1°3288 68°81 

(XI) Hexachloroethane and cyclohexane. 
0-00000 2-032 0°7784 = 
0:03749 2°045 0°8238 40°6 
0°05131 2-050 0°8405 40°8 
0°06955 2-059 0°8623 40°7 





The results for the mixtures of an ether and a halogenated paraffin are given in the following 
tables, where again only the minimum data are quoted. The mol.-fraction of the ether in each 
case is represented by f,; P, and Py, are the molar polarisations of ether and of halogen deriv- 
ative, respectively. K is the mass-action constant, calculated as already described; the 
values of P,, used in the calculations are quoted in each case. 


fa. €. a. Py. Pz. K. 
(XII) Ethyl ether and chloroform (Pag = 134). 
0:00000 4°813 1-4890 —_ 44°89 _ 
0°01685 4919 1°4722 90-2 45°53 0°66 
0-05387 5°093 1-4387 82°5 46°52 0°66 
0°13528 5°376 1-3660 768 48°41 0°52 
0°27792 5°732 1°2446 . 12:3 51°79 0°50 
0°39321 5°835 11511 69°22 54°46 0-44 
0°44819 5°835 1-1080 67°81 55°87 0°43 
0°57176 5-693 1-0130 64°83 59°97 0°40 
0°64215 5°577 0°9597 63°46 61:0 0°41 
0°79885 5°124 0°8478 59°77 65°8 0°44 
0°90082 4°742 0°7782 57°33 69°6 0°40 
0°96063 4-502 0°7393 55°64 728 0°58 
1-00000 4°335 0°7134 54°65 — —_ 
(XIII) Ethyl ether and bromoform (Paz = 124). 

0-00000 4:385 2°8904 — 46°36 — 
0°03311 4:495 2°8059 76-0 47:09 0°65 
0°10146 4°750 2°6443 75°3 48°69 0°61 
0°19056 5016 2°4376 72°56 50°58 0°56 
0°44145 5°441 18730 66°83 55-93 0°44 
0°66627 5301 1°3881 61-94 60°91 0°43 
0°85888 4-826 0°9904 57°81 65°54 0°47 
0°95559 4°474 0°7994 55°51 66°87 0°47 


| 


1:00000 4°335 0°7135 54°65 _— 
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Sa. €. a”, P,. P3. K, 
(XIV) Ethyl ether and iodoform. 
0°970884 4°396 0:8070 54°87 61°8 = 
0°979193 4-383 0°7803 54°83 63°3 — 
0°983600 4°369 0°7657 54°79 63-2 —_ 
0987624 4-362 0°7532 54°75 62-1 — 
0°991497 4°355 0-7408 54°73 63:4 — 
100000 4°335 0°7135 54°65 = — 
(XV) Ethyl ether and aaa-trichloroethane (Paz = 134). 
0-00000 7518 1°3288 _- 68°81 —_ Sp 
0°49056 6071 1-0302 58°22 72°12 0-044 
0°60925 5°701 0°9557 57°84 73°77 0°044 
0°73730 5:273 0°8763 57°02 75°44 0-045 
0°86276 4°826 0°7986 55°94 76°91 0-049 
0°93111 4°560 0°7559 55°31 77°81 0-048 
100000 4°335 0°7135 54°65 —_ — 
(XVI) Ethyl ether and pentachloroethane (Pan = 136°5). 
0°00000 3°833 16792 — 58°52 —_ 
0°09078 4°120 16102 77°91 60°94 0°45 
0°19518 4-398 1°5282 73°86 63°18 0°37 
0°30591 4°652 1-4360 71°04 65°73 0°36 
0°45035 4-883 1-3075 67°46 69-00 0°35 
0°63244 4-980 1-1280 62°87 72°65 0°35 
0°76321 4-868 0-9880 59°88 75°37 0°38 
0°86063 4°697 0°8781 57°70 77°29 0°40 
0°93847 4°503 0°7871 55°94 78°02 0°45 
1-00000 4°335 0°7135 54°65 _ _ — 
(XVII) isoPropyl ether and chloroform (Paz = 157). 
000000 4°916 14890 _— 44-89 -—— 
0°03961 5:020 1-4399 102°5 46°26 0°95 
0°10017 5361 1-3709 104°4 48°69 0°95 
0°17349 5°657 1°2932 101-6 51°44 0°78 
0°28517 5-945 11881 97°74 55°86 0°65 
0°43925 6001 1:0619 92°52 62°34 0°60 
0°65894 5°449 0-9088 84:49 72°40 0°58 
0°82041 4°787 0°8147 78°01 80°33 0°62 
0-90944 4-385 0°7678 74°21 84°65 0°64 
1-00000 3°976 0°7239 70°25 _ _ 
(XVIII) isoPropyl ether and bromoform (Paz = 139). 
0°00000 4°385 2°8904 ao 46°36 _ 
0°06527 4°646 2°6781 98°41 48°33 0°81 
0°12234 4°863 2°5079 97°32 50°12 0°72 
0°22803 5°133 2°2165 93°43 53°31 0°56 
0°36445 5°370 1-8784 90°54 57°99 0°53 
0°46743 5379 1-6490 87°53 61°53 0°49 
0°61709 5-215 1°3484 83°41 67°58 0°49 
0°77011 4°816 1-0755 78°60 74:14 0°53 
0°88658 4°441 0°8891 74°85 82°22 0°61 
1:00000 3°976 0°7239 70°25 —_ — 
(XIX) Dichlorodiethyl ether and chloroform (Pan = 161—202). 

0-00000 4°816 1-4890 — 44°89 —_— 
0°05181 5-716 1:4713 145°5 47°16 1°18 
0°11160 6-792 14514 139-0 49°52 0°78 
0°19333 8-386 1-4235 131°1 52-07 0°48 
0°36146 11°75 13742 122-0 56°19 0°27 
0°47960 13-32 1:3411 114°7 56°54 0°21 
0°62776 15°75 1:3027 109°8 57°80 0-11 
0°77905 17°99 1°2667 . 105-9 58°49 0°10 
0°88257 19°39 12441 103°8 58°20 0°09 


100000 21°17 12194 102°1 _ 
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Sa. we at’. P,. Px. K. 
(XX) Ethyl ether and carbon tetrachloride (Pan = 94°7). 
0-00000 2°242 15940 —_ 28°28 —- 
0:03862 2-323 1°5581 63°53 — _— 
0:06053 2°364 15386 61°45 -— 0°105 
0°11003 2°463 14940 60°83 a 0-095 
0°15809 2°550 1°4510 59°32 —- 0-062 
0°20399 2-639 1°4101 58°81 — 0°057 
0°26413 2°761 1°3571 58°33 — 0:057 
0°32161 2°879 1:3058 57°97 -— 0°056 
0°44406 3°134 11966 57°26 — 0°052 
0°48548 3°232 1°1598 57°29 — 0°058 
0°58144 3°453 1-0746 57°02 “= 0-069 
0°70024 3°705 0°9712 56°19 — 0-056 
0°81740 3°985 0°8701 55°82 —- 0-068 
0°90979 4:179 0°7902 55°32 = 0°085 
100000 4°335 0°7135 54°65 -- —_ 
(XXI) Ethyl ether and hexachloroethane (Pan = 104). 
0°83599 3°998 0-9390 55°98 48°39 0°107 
0°86405 4:048 0°9025 55°58 47°47 0°095 
0-95206 4°241 0°7814 55-00 48°57 0-089 
1-00000 4°335 0°7135 54°65 — _ 
(XXII) isoPropyl ether and carbon tetrachloride (Paz = 105). 
0:00000 2°242 15940 — 28°28 — 
0°06916 2°394 1°5105 75°67 28°69 0°051 
0°15477 2°585 1-4136 75°44 29°23 0-052 
0°26390 2-793 1-2996 7401 29°63 0-060 
0°40649 3°059 1°1638 72°97 30°15 0°067 
0°50208 3°243 10804 72°80 30°85 0°061 
065893 ~ 3°495 0°9547 71°80 31°26 0°077 
0°80056 3°700 0°8526 70°98 31°21 0-093 
0°91995 3°877 0°7735 70°53 32°78 0°067 
100000 3976 0°7239 70°25 — — 
(XXIII) Ethyl ether and carbon tetrabromide (Paz = 106). 
0°74603 4°248 13694 56°81 47°93 0°12 
0°80214 4°321 1°2250 56°60 49°48 0°14 
0°83651 4°274 1°1366 56°05 46°62 0:07 
0°87170 4°335 1-0454 55°63 48-26 0°09 
0°91577 4°355 0°9310 55°43 51:19 0°16 
1:00000 4°335 0°7135 54°65 —- —_ 
(XXIV) isoPropyl ether and carbon tetrabromide (Paz = 121). 
0°71116 3°928 1-3069 72°62 47°44 07104 
0°75699 3°952 1-2083 72°27 47°89 0°105 
0°81613 3-976 1-0847 71°82 48°53 0°103 
0°87130 3°976 0°9723 71°24 48°35 0-095 
0°92647 3°984 0°8635 70°86 49°36 0-108 
1-00000 3-976 0°7239 70°25 — —_ 
DISCUSSION. 


In view of the approximations involved in the calculations, and the use of concentrations 
expressed in mol.-fractions to represent activities, the general agreement between the 
values of K for any given mixture may be taken as supporting the arguments on which the 
calculations are based.* If any ratio other than equimolecular for the composition of the 
compound be assumed, then the K values show a marked drift. An examination of the 
mass-action constants, or better the curves representing the amount of compound formed in 


* A consideration of the errors involved shows that the chief source of the errors in K probably 
lies in the values of P,4, Pg, and P,g used in calculating x; where the dielectric constants of the mixtures 
do not vary appreciably over the range of concentrations studied, the errors are not considerable, except 
for solutions containing a large excess of one or other component. When the dielectric constants differ, 
however, as with dichlorodiethyl ether and chloroform (see also Part II), the deviations may be much 
more serious, owing to the uncertainty in correcting for the dielectric-constant effect. Possible errors 
in the extrapolation necessary to give Pas (p. 1712) can be shown to have no serious influence on the 
general nature of the results obtained. 
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any given mixture (Fig. 3), shows that in the ether—chloroform series the tendency for com- 
pound formation to occur is in the order isopropyl ether > ethyl ether > £’-dichlorodi- 
ethyl ether, and in the series ethyl ether-trihalogenomethane, the tendency is chloroform > 
bromoform > iodoform. The order for chloroform and bromoform is in agreement with 
that deduced from a study of vapour pressures of their mixtures with ether (Weissenberger, 
Schuster, and Liebacher, Monatsh., 1926, 46, 295). Owing to the limited solubility of iodo- 
form, only a few measurements were possible with it, and no value of K could be deter- 
mined; the molar polarisations, however, when compared with those in benzene, show 
that compound formation with ether occurs to only a small extent. 

If the molecular compounds involve a co-ordinate link, as suggested above, then it is 
probable that the oxygen atom of the ether acts as donor: this view is in harmony with 
the fact that the presence in the ether of electron-repelling groups, ¢.g., in isopropyl ether, 
causes the tendency for compound formation to be increased, whereas electron-attracting 
groups, ¢.g., in 68’-dichlorodiethyl ether,* result in a decreased formation of compound as 
compared with ethyl ether. Since the tetrahalogenomethanes also form compounds with 
ether, and since a hydrogen atom attached to carbon shows little tendency to co-ordinate 
(cf. Sidgwick, “‘ Covalent Link in Chemistry,” Fic. 3 
1933, p. 161), it was at first supposed that the nae 











halogen atom acted as the electron acceptor of he. 
the ether-CHX, compounds, but this view 

had to be abandoned. If co-ordination occurs _. on 
through the halogen atom, then: (i) the & 
tendency for compound formation should be ¥ 

in the order I> Br> Cl, as with the CX, 89.98 





compounds (see p. 1718); (ii) the extent of 
compound formation with a given ether should 
be almost the same for CHX, and for CX,; 
(iii) aae-trichloroethane should form a com- 
pound as readily as chloroform. Actually, the 
iodoform-ether compound is much less stable 
than that with chloroform, and the latter is 
considerably more stable than those formed 
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between ether and «aaa-trichloroethane or ~?°2 
carbon tetrachloride. The conclusion appears 
inevitable, therefore, that co-ordination occurs 0 ‘ 
hh n join n 0 02 0-4 06 08. 10 
through hydrogen joined to carbon, the process Ae a, Fe 


being facilitated by the attachment of negative 
(halogen) groups to the latter ; this would account for the observed order of stability of the 
compounds with ether, viz, CHCl, > CHBr, > CHI,. There is reason to believe that 
when any highly negative groups, ¢.g., phenyl or nitropheny]l, are joined to carbon in this 
manner co-ordination through a hydrogen atom is facilitated ; this point will be considered 
in a later investigation. 

The experimental results recorded above demonstrate that pentachloroethane shows as 
much tendency as chloroform to combine with ether, whereas the hexachloro-compound 
behaves in a manner similar to carbon tetrachloride. It is probable that even with the 
CHX, and C,HX,; compounds there is some co-ordination through the halogen atom, 
although the extent is relatively small; since such co-ordination occurs more readily with 
bromine than with chlorine, it may account for the fact that the compound of bromoform 
with ether is formed nearly as readily as that of chloroform, whereas a difference, such as 
that observed with isopropyl ether, would have been expected if co-ordination took place 
only through the hydrogen atom. 

* The variation in the values of K for the dichlorodiethyl ether and chloroform mixtures is due to 
the marked difference in dielectric constant of the two components, and consequent uncertainty in the 
quantities P,, Pg, and Pas. The approximately constant K values in the lower portion of Table XIX 
are probably the most reliable; the same effect is observed with mixtures of acetone or quinoline with 
eee (see Part II, p. 1720). 

T 
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Using the “ classical ’’ method of representing co-ordinated hydrogen, the compound 
of an ether with CHX, may be written R,O->H-CX;. According to modern views, however 
(see Sidgwick, Ann. Reports, 1934, 31, 40), the compound formation may be regarded as 
being due to resonance between two states having similar energies, thus : 


R,O H—CX, = R,O—H CX, 
—_—_— —_—_—_—_——__——” 


The difference in these two states results merely from the movement of two pairs of elec- 
trons, there being no movement of atoms (idem, ibid., 1933, 30, 112). Owing to the mutual 
attraction of the oppositely charged portions in the excited state, no electrical conductivity 
is to be anticipated, and in fact none was found in mixtures of chloroform and ether. 

From the molar polarisations of the compounds, determined in the manner already 
described, and the measured electron polarisations, their dipole moments have been calcu- 
lated; some of the results (expressed in Debye units) are : Et,0,CHCI, 2-06; Et,0,CHBr, 
1-84; Pr80,CHCl, 2-27; Pr80,CHBr, 1-98. From these values and the known moments of 
the constituents, an approximate idea of the contribution of the new linkage in the com- 
pound can be obtained; by making some allowance for the direction of this bond, its 
moment can be shown to be of the order of 0-5 D. This value is very much smaller than 
that to be expected from a complete co-ordinate link, as for example between aluminium 
or boron halides and ethers, etc. (cf. Nespital, Z. physikal. Chem., 1932, B, 16, 153), but the 
discrepancy is not surprising in view of the probable nature of the actual linkage resulting 
from resonance; the electronic shift is by no means as complete as in the case quoted, or 
even in the formation of sulphoxides (cf. Hampson, Farmer, and Sutton, Proc. Roy. Soc., 
1933, 143,.4, 147). Further confirmation of the “‘ incomplete ” or “ partial ’’ nature of the 
hydrogen bond is obtainable from calorimetric measurements: when 1 g.-mol. each of 
chloroform and ether are mixed, 1,200 cals. are evolved (Macleod and Wilson, Trans. 
Faraday Soc., 1935, 31, 596), and since from the present work it appears that 0-168 g.-mol. 
of compound is formed in such a mixture, the heat of formation of the new oxygen—hydrogen 
bond is about 7,000 cals., as compared with about 110,000 cals. for the normal linkage. 
Macleod and Wilson (loc. cit.) calculated the heat of formation of the ether—chloroform 
compound as 6,000 cals., in good agreement with the result quoted. It may be noted that, 
from measurements of the heat absorbed on dissolving various primary alcohols in hydro- 
carbons, von Elbe (J. Chem. Physics, 1934, 2, 73) concluded that the heat of formation of 
the hydrogen bond, with oxygen, in the associated forms of the alcohols, was about 
11,000 cals. 

The tetrahalogeno-methanes show less tendency to form compounds with ethers than do 
the corresponding trihalogeno-derivatives; nevertheless, the polarisation measurements 
indicate that molecular compounds are formed in solution and that they probably involve a 
chemical, rather than a physical, type of union. The ease of compound formation is greater 
for carbon tetrabromide than for the tetrachloride, this being opposite to the order for the 
trihalogenomethanes. Apart from formule including singlet linkages, which involve the 
attachment of five groups to, or the presence of a “‘ lone” electron on, the carbon atom, 
the only reasonable “ classical ’’ structure of the molecular compounds is R,O> X—CX;. 
Such a formula makes the halogen bicovalent, and requires it to have a valency 
group of ten electrons: a similar condition is supposed to apply in the polyhalides and in 
other compounds (Sidgwick, “‘ Electronic Theory of Valency,” 1929, p. 293). The tendency 
to form polyhalides increases in the order Cl < Br < I, which is the same, at least as far as 
chlorine and bromine are concerned, as that for the carbon tetrahalides to form compounds 
with ethers. Carbon tetraiodide is unstable and could not be studied in this work. 

The dipole moment of the new bond in the R,O,CX, compounds, as with the R,O,CHX, 
compounds, is only about 0-5 D—the moment of, e.g., (Cg.H;),0,CCl, is 1-47—and so the 
linkage cannot be a complete one. This linkage may, like the hydrogen bond, result from 
a combination of two resonating states, but any definite formulation must, for the present, 
be regarded as speculative. 

Hexachloroethane behaves in a manner analogous to carbon tetrachloride, giving a 
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mass-action constant of the same order of magnitude for its combination with ethyl ether ; 
the compounds formed may be formulated in a similar way for both cases. 

A fundamental assumption, made as the basis of the calculations in this paper, is that 
dielectric polarisations are strictly additive: this assumption is invariably made in the 
determination of dipole moments from measurements in solution, and there is little reason 
to doubt its general validity, but certain aspects of the matter require further consideration. 
In many of the mixtures studied, both constituents are polar, but this does not appear to 
affect the additivity to any serious extent, provided allowances be made for variations in the 
dielectric constants of the different mixtures. In order to test this point, measurements 
were made of a series of mixtures of ethylene dibromide and chloroform, which have similar 
dielectric constants (« = 4-827 and e = 4-816, respectively); the results are given below. 
The total polarisation of the dibromide (P) at the mol.-fraction (f) was calculated by means 
of the usual additivity equation, the polarisation of the chloroform being taken as constant 
(44-89). 


Ethylene dibromide and chloroform. 


Z, €. a". P. y €. an". P. 
0-00000 4°816 1:4890 -- 0°53730 4°819 1-8786 47°98 
0-07600 4°812 1-5466 47°68 0°65005 4°824 1°9551 48-10 
0°18289 4°804 1°6264 47°39 0°79133 4°827 2°0481 48°19 
0°30811 4808 1°7175 47°50 0°91637 4°827 2°1367 48°06 
0°41438 4°812 1-7933 47°84 1-00000 4°827 2°1805 48°30 


It is seen that the polarisation of ethylene dibromide remains almost constant, and has the 
same value as in heptane (viz., 48; Smyth and Kamerling, J. Amer. Chem. Soc., 1931, 53, 
2988). 

Further evidence that the polarity of the solvent does not seriously affect the additivity 
relationship, provided there be no chemical interaction between solvent and solute, can be 
obtained from various recorded measurements of polarisation and dipole moments (Graff- 
under and Heymann, Z. Physik, 1931, 72, 744; Hassel and Uhl, loc. cit.; Wyman, J. 
Amer. Chem. Soc., 1931, 53, 3292: Akerlaf, ibid., 1932, 54, 4125; Fairbrother, J., 1933, 
1541; Higasi, Sct. Papers Inst. Phys. Chem. Res. Tokyo, 1934, 24, BT: Jenkins, Joc. cit.). 

Association, of either a dipolar or a chemical type, may introduce errors, particularly if 
the extent of the association of a given substance varies appreciably with the nature of the 
medium. The substances used in the present work show little tendency to form poly- 
merides, as may be seen from measurements of the polarisations in cyclohexane or in benzene. 
It appears, therefore, that the assumption of additivity of polarisation is not liable to be a 
serious source of error. 


SUMMARY. 


(1) Measurements have been made of the dielectric polarisations of mixtures of ethy]l, 
isopropyl, and £8’-dichlorodiethyl ethers with a number of halogen derivatives of methane 
and ethane, in which molecular-compound formation is expected to take place. 

(2) From the molar polarisations of the separate constituents, it is concluded that com- 
pound formation in the cases considered involves the introduction of a new co-ordinate 
linkage which contributes to the dipole moment. 

(3) A method for calculating the proportion of compound present in any mixture has 
been developed and used to determine mass-action constants; from the results it appears 
that, in the compounds of the type R,O,CHXs, co-ordination occurs between the oxygen 
atom and the hydrogen attached to carbon. Formule for the various compounds are pro- 
posed, based on the concept of wave-mechanical resonance; the “ partial” nature of the 
new linkage can be explained in this manner. 

(4) In a number of instances the total polarisation has been found to be a linear function 
of [(¢ — 1)/(e + 2), and it is concluded that if no chemical interaction occurs, polarisations 
are additive, even in mixtures of two polar so 3c provided allowance be made for 
variation of dielectric constant. 
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Part II. The Structures of the Compounds of Acetone, Quinoline, and Dioxan with 
some Halogenomethanes. 


In continuation of the foregoing work, similar studies were made with mixtures of (a) 
acetone and (b) quinoline with bromoform, chloroform, and carbon tetrachloride, and of 
1 : 4-dioxan with the last two. Acetone was chosen because, like ethyl ether, it gives solid 
compounds with chloroform and carbon tetrachloride (see Wyatt, Trans. Faraday Soc., 
1928, 24, 429; 1929, 25, 49), and liquid mixtures with chloroform show abnormal behaviour. 
Quinoline gives a well-defined, pale-coloured compound, 3C,H,N,CHI;, with iodoform 
(Rhoussopoulos, Ber., 1883, 16, 202), in which it seemed possible that co-ordination 
occurred between the three nitrogen atoms and the iodine atoms (cf. Bennett and Willis, 
J., 1929, 256); co-ordination of this type would, of course, be different from that found 
with the ethers and the trihalogeno-methanes. Dioxan has no dipole moment, and its 
oxygen atoms might be expected to act as electron donors; it appeared, therefore, that 
measurements of mixtures with acceptor molecules would prove of interest. 


EXPERIMENTAL. 


The measurements of dielectric constants, densities, and refractive indices were carried out 
as already described. 

Materials.—Acetone. The liquid was refluxed for several days with alkaline permanganate, 
distilled, dried over anhydrous potassium carbonate, and fractionated; b. p. 56-5°. 

Quinoline. This was kept over caustic potash for some days, and then repeatedly distilled 
until colourless; b. p. 238°. 

1: 4-Dioxan. This was kept over sodium wire for a few days, and then carefully fraction- 
ated; b. p. 101-2—101-4°. 

Results. 


The results of measurements of mixtures of acetone, quinoline, and dioxan with cyclohexane 
are given below, the symbols having the same significance as on p. 1713. 


Se €. a0", P,. Se €. ax", Py 
(I) Acetone and cyclohexane. (II) Quinoline and cyclohexane. 


0-00000 2-032 0°7784 _— 0°00000 2°032 0°7784 — 
0:04599 2°397 0°7769 163°6 0°11034 2-669 0°8146 131-2 
0°12911 3°128 0°7752 148-2 0°23971 3°583 0°8577 125°8 
0°33234 5°529 0°7734 121°0 0°39563 4°746 0°9089 1151 
0°55818 9°333 0°7745 96°41 0°62017 6°541 0°9807 102°5 
0°82135 15°56 0°7812 75°00 0°76571 7°709 1-0253 96°14 
1 00000 21°17 0°7907 63°91 1-00000 9°293 1-0933 86°68 


(III) 1: 4-Dioxan and cyclohexane. 


0-00000 2°032 0°7784 —_ 0°73594 2°154 0°9465 24°79 
0°26904 2-066 0°8287 25°01 100000 2°229 1-0335 24°76 
0°52820 2-109 0°8891 24°83 


The data for the other mixtures, in which compound formation was expected, are given in the 
subsequent tables; f, and P, represent the mol.-fractions and determined molar polarisations, 
respectively, of acetone, quinoline, and dioxan, and Py, refers to the other component. The 
symbols ¢, d, P,xs, and K have the same meaning as before; the significance of K, and K; is 
explained later (p. 1721). 


(IV) Acetone and chloroform (Pag = 127—201). 
€. d. Pa. Px. 
4813 14890 --- 44°89 
5°615 -1°4677 147°1 47°88 
6°448 14441 1349 50°38 
8°732 1°3757 112-2 55°32 
11-28 1°2831 93°6 58°86 
14°49 1°1327 78°14 61°17 
17°17 0-9958 70°57 62°44 
18°96 0-9019 67:06 63-0 
20°17 0°8307 64°85 62:2 
20°52 0°8115 64°30 62°9 
21°17 0°7907 63°91 — 
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(V) Acetone and bromoform. 


Soe é. d. Ps. Pp. fac €. d. Py. Pp. 
100000 21:17 0°7907 63-91 an 012255 6519 26600 1261 52°84 
095086 20°30 09138 64:97 66°65 005189 5321 27988 1443 50°47 
026782 8802 24050 99:0 5891  0:00000 4385  2-8904 — 46:36 








(VI) Acetone and carbon tetrachloride. 
28°28 057880 10°66 1°1858 88°83 62°51 


000000 2-242 1-5940 — 
0:04186 2°675 15686 170°3 32°94 0°75685 14°46 1-0304 76°21 66°6 
0°09496 3°265 15352 157°7 38°12 0°89866 18°06 0°8952 68°44 68°5 
0°20665 4-650 14624 134-9 46°77 0°97431 20°30 0°8178 64°98 68°9 


0°35814 7°069 1-3565 114:0 56°20 1:00000 = =21°17 0°7907 63°91 — 





(VII) Quinoline and chloroform (Pag = 143—18]). 

ta. €. d. P,. Px. K K;. 
0°00000 4°815 1-4890 — 44°89 — — 
0°03406 5°293 1-4716 131-7 46°52 2°86 13,000 
0°09184 6-023 1-4420 1243 48°74 1°33 300 
0°19265 7054 1-3939 113°6 51°36 0°84 21°3 
0°31852 7972 1°3367 104-9 53°48 0°53 2°99 
0°49000 8°722 1-2661 97°34 55°18 0°36 0°61 
0°65313 9-090 1°2052 92°65 56°18 0°34 0:29 
0°82762 9°217 1°1459 89°04 56°28 0°20 0°10 
0°93982 9°274 1°1113 87°41 56°27 0°15 0:06 


9°293 1-0933 86°68 — 








(VIII) Quinoline and bromoform. 
ta. €. d. P,. Px. fa- €. d. Ps, Py. 
000000 89 4385 2°8904 — 46°36 051647 8121 1°8330 96-98 57°36 


0°03334 4°792 2°8052 130°9 48°12 066448 8571 15867 92°47 57°79 
0°09453 5°407 2°6650 125°3 50°40 080604 8859 1°3679 89°10 56°36 
0°20107 6°384 2°4337 114°8 53°44 0°93979 9°054 1:1761 87°03 56°51 
0°34593 7°738 2°1442 104°8 56°75 1:00000 9°293 1-0933 86°68 — 











(IX) Quinoline and carbon tetrachloride. 
000000 = 2242 1°5942 — 28°28 053670 6:308 13108 1032 
0°03217 2-473 1-5765 142°8 —_ 067462 7:218 1°2429 96°67 


0712050 =. 3121 15282 132-9 _— 0°83162 8-277 11646 ‘90°47 
0°24647 4:124 1-4607 122°9 —_ 095452 = 8911 1°1132 87°49 
0°38850 5207 13863 111°8 —_ 100000 9293 10933 86°68 


(X) Dioxan and chloroform. 
000000 = 4816 1-4890 —— 44°89 0°56717 3:208 1°2257 27°72 48°76 
007138  4°502 1°4565 24°50 44°88 0°72172 2°877 171554 27°00 50°61 
0°15588 4215 1°4174 24°91 45:00 0°82232 2-632 1°1102 26°51 52°61 
0°28102 3°829 1:3593 26°40 45°25 0°93494  2°378 1-0615 25°45 54°73 
0°41580 3°518 1-2960 27°00 46°47 100000 2°229 1:0335 24°76 — 


(XI) Dioxan and carbon tetrachloride. 
28°28 0°62730 2°267 1:2622 25°42 29°37 


Soge 











000000 27242 15940 — 
0°08885 2°252 15509 26°24 28°42 0°77369 2°257 11751 25°19 29°65 
0718113 =. 2261 1°5032- 26°42 28°64 0°86195 2°246 1-1203 24°99 29°71 
0°29901 2-268 1°4442 26°01 28°80 0°93764  2°237 10728 24°87 29°81 


0°46980 2-270 1°3520 25°65 29°07 1:00000 2°229 10335 24°76 _ 

When the polarisations of acetone and quinoline were plotted against the respective mol.- 
fractions, as in Fig. 1 (Part I), the polarisations appeared to be less in chloroform and bromoform 
solution than in cyclohexane; this discrepancy is undoubtedly due to the difference in the di- 
electric constants of the media, for when the polarisations of acetone are plotted against the 
corresponding value of [(« — 1)/(e + 2)]*, as in Fig. 4, the increase of polarisation due to com- 
pound formation is evident (see also Kubo, Bull. Inst. Phys. Chem. Res. Japan, 1934, 18, 1221). 
Owing to the large range of the dielectric constant, the uncertainties, particularly in connexion 
with the calculated polarisations of the molecular compounds, are considerable, and consequently 
the values of K are not very constant. The calculation was only attempted for mixtures of 
acetone and of quinoline with chloroform, and even in these cases the agreement is not very good ; 
the figures in the column headed K are based on the assumption that an equimolecular compound 
is formed, K, on the assumption that the compound COMe,,2CHC1,,(P,43 = 190—246) is present 


exclusively, and K, that the compound 3C,H,N,CHCI,(P,,3 = 316—453), analogous to the solid 
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compound obtained with iodoform, is the product. It appears possible from the values of K, 
that the compound of acetone with 2 mols. of chloroform is formed in excess of the latter, but the 
compound with 3 mols. of quinoline is certainly not present to any appreciable extent in solution. 

The best method for comparing the relative extents of compound formation was to plot the 
polarisations against the function of the dielectric constant, asin Fig.4. With both acetone and 
quinoline the order of compound stability is chloroform > bromoform > carbon tetrachloride, 
so the two substances behave in a manner similar to ether. 


DISCUSSION. 


In the acetone molecule the oxygen atom presumably acts as donor, whereas the nitrogen 
atom has this function in quinoline; co-ordination evidently occurs through the hydrogen 
atom of CHXg, as with the ether compounds, the extent of compound formation being 
greater with chloroform than with bromoform. The solubility of iodoform is so low in 
both acetone and quinoline that the measurements were of little value: it is evident that 
the corresponding compounds must be very unstable. From the quinoline solutions the 
Fic. 4. compound 3C,H,N,CHI; crystallised out very rapidly, 
=e and in view of the fact that there appears to be no 

evidence for the existence of this and analogous com- 

pounds in solution, the substance was analysed and 
its composition confirmed. It is evident from the 
bromoform results of this work that the separation of a solid 
compound from a liquid mixture cannot be regarded 
= as evidence of the existence of that compound in 
solution; further, the formula of a solid molecular 
3 compound cannot always be used to throw light on its 
cs structure. The formula of the quinoline—-iodoform 
NY compound would suggest co-ordination through the 
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halogen atom, but this probably occurs only to a small 
\ extent. It appears that the substance 3C,H,N,CHI, 
NX is to be regarded as a “lattice compound ”’; the large 
N dimensions of the three iodine atoms cause the space 
in the solid to be divided up in such a manner that 
three quinoline molecules can fit into it so as to forma 
60 unit, without any transfer of electrons necessarily 
i Nie- 2)" taking place from one molecule to the other. Bennett 
and Willis (loc. cit.) and Moore, Shepherd, and Goodall 
(J., 1931, 1447) have emphasised the fact that colour intensification is generally an 
indication of chemical union between two molecules; it is of irterest that the compound 
3C,H,N,CHI, is less highly coloured than iodoform itself. 

The acetone and quinoline compounds with chloroform, bromoform, and carbon tetra- 
chloride may be formulated as the combination of two resonance states, in a manner similar 
to that described in Part I. Calculations show that in each case the moment to be attri- 
buted to the linkage, O>H for acetone, and N->H for quinoline, is about 0-5 D, so the 
linkages are similar to one another and to that formed by the oxygen atom of ether. It is of 
interest that the heat of formation of the N-> H linkage in the molecular compounds formed 
between quinoline or f-toluidine and a phenolic compound is also of the order of 6,000 cals. 
(Glass and Madgin, J., 1934, 260, 1292), compared with 90,000 cals. of the ordinary N — H 
bond. It appears probable that a partial linkage, resulting from resonance, occurs in the 
well-known molecular compounds of nitro-derivatives and hydrocarbons; the heats of 
formation are of.the order of 5,000 cals., or less (cf. Briegleb e¢ al., Z. physikal. Chem., 1932, 
B, 19, 255; 1934, B, 26, 63), and in the case of trinitrobenzene it appears from measure- 
ments in benzene solution (cf. Jenkins, Nature, 1934, 134, 217; Briegleb and Kambeitz, 
Z. physikal. Chem., 1934, B, 27, 11) that a linkage, having a moment of the order of 0-5 D, 
occurs in the molecular compound formed. 

The results with dioxan were not as definite as was hoped. The polarisations of chloro- 
form and carbon tetrachloride at infinite dilution in dioxan are 57-0 and 29-9 respectively, 
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as compared with the values of 53-0 and 28-5 in cyclohexane. The differences can hardly 
be attributed to differences in dielectric constant, which are very small, and so it may be 
attributed to the formation of a new linkage in compounds of the type C,H,O,,CHX, and 
C,H,O0,,CX,. 

The polarisations of dioxan in chloroform and carbon tetrachloride increase at first 
with decreasing concentration, in harmony with the view that the afore-mentioned com- 
pounds are present, but as infinite dilution is approached, the values decrease again and 
finally become quite normal. A reasonable explanation of this behaviour is that in excess 
of CHX, or of CX, both oxygen atoms of the dioxan donate electrons to separate mole- 
cules of the former, giving C,H,O,,2CHX, and C,H,O,,2CX,; the new linkages thus formed 
have dipole moments of the same magnitude acting in opposite directions, so that they tend 
to cancel. The CHX, molecular compounds can, of course, be readily formulated as the 
combination of two resonance states, as in the cases already considered. 


SUMMARY. 


(1) The study reported in Part I has been extended to mixtures of acetone, quinoline, 
or 1 : 4-dioxan with some halogenomethanes. Compound formation is shown to occur in a 
manner analogous to that found with ethers, a new linkage being formed between the 
constituent molecules. 

(2) Dipole-moment and thermal data indicate that the linkage, generally involving co- 
ordinated hydrogen atom, is of a “ partial ’’ nature, in harmony with the proposed struc- 
tures based on resonance. It appears that the same type of linkage occurs in compounds 
between nitrogenous bases and phenols, and between certain nitro-compounds and hydro- 
carbons. 

(3) The danger of inferring the structure or presence in solution of a particular mole- 
cular compound from the formula in the solid state is emphasised, and the importance 
of colour is mentioned. 


The authors’ thanks are due to the Department of Scientific and Industrial Research for a 
maintenance grant to one of them (D. P. E.); to Dr. G. D. Reynolds for help in the design and 
construction of the apparatus; and to Messrs. Bowker and Sons, Ltd., Sheffield, for rhodium 
plating the test-condenser parts. 
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406. Studies in Graphite Formation. Part I. The Estimation 
of Graphite. 
By A. E. BALFour and H. L. RILEy. 


It is now widely recognised that carbon exists in only two allotropic modifications, viz., 
diamond and graphite, the so-called ‘‘ amorphous ” forms containing appreciable quantities 
of volatile impurities, particularly hydrogen, which have a pronounced effect upon the 
properties. The change “ amorphous” carbon->graphite is in no sense an allotropic 
or a monotropic change, but probably the high-temperature pyrolysis of complex, very 
stable hydrocarbons to form, in the limit, pure carbon in the form of graphite. 

Hitherto three methods have been employed for the estimation of graphite in the presence 
of amorphous carbon: (1) oxidation of graphite to “ graphitic acid” by a mixture of 
nitric and sulphuric acids and potassium chlorate; (2) measurement of physical properties, 
particularly the electrical conductivity; (3) X-ray examination. None of these methods 
is free from objection. The vigorous nature of the oxidising agent renders the results 
obtained by (1) unreliable, and, according to Hoffmann and Frenzel (Ber., 1930, 68, 1248), 
every variety of carbon can be converted into graphitic acid if it has a pure carbon surface 
and is sufficiently finely divided. The precise measurement of the electrical conductivity 
of carbon presents many practical difficulties. Owing to the porous nature of the material, 
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it is necessary to employ a finely divided sample, and the results must be considerably 
affected by the shape and surface conditions of the particles and by the pressure to which 
the powder is subjected. The size and orientation of the crystallites of graphite in the 
sample also affect the conductivity (Arndt and Pollack,* Z. anorg. Chem., 1931, 201, 81; 
Nishiyama, Sci. Rep. Tohoku, 1932, 21, 171). It has also been shown (Siebel, Z. Physik, 
1921, 4, 288) that the electrical resistance of carbon is increased slightly by simple exposure 
to air. The fact that the presence of very small amounts of hydrogen in carbon has very 
pronounced effects, makes the exact interpretation of X-ray spectra difficult and indecisive. 
Of these methods, the second probably offers the most reliable guide to the extent of graphite 
formation in a sample of amorphous carbon. 

It is not unlikely that, at temperatures high enough to bring about the formation of 
an appreciable number of oxygen ions, the ionic nature of the graphite crystal lattice plays 
a very important part in determining its velocity of combustion. Sihvonen (Suomen Kem., 
1935, 8, B, 26) has shown that oxygen, under low pressures, “ activated ” by X-rays or by 
an electric discharge, does not react with diamond (covalent crystal lattice) but does so with 
graphite, forming carbon monoxide and dioxide—a reaction probably connected with the 
ionic nature of the lattice, for graphite is very unreactive to molecular oxygen. Highly 
graphitised fuels, such as retort carbon, are known to give much higher combustion temper- 
atures than fuels containing less graphite. A means whereby the graphite content of 
samples of carbon could be determined would therefore be of value in the study of fuel 
economy in blast furnaces and cupolas. It would also provide a means of characterising 
samples of carbon, which would be of service in the study of, ¢.g., the respective parts 
played by graphite and “amorphous” carbon in sorption phenomena (cf., /nter alia, 
Bangham and Stafford, J., 1925, 127, 1085; Lowry, J. Amer. Chem. Soc., 1924, 46, 824; 
King, Trans. Faraday Soc., 1935, 31, 935), the extent to which the nature of the original 
carbonaceous compound determines the amount of graphite formed on pyrolysis (cf. 
Ciusa, Gazzetta, 1922, 52, ii, 130; 1925, 55, 385; 1928, 58, 222; Bellino, zbid., 1932, 62, 
795), and the effect of temperature and other variables upon the formation of the ionic 
graphite lattice from the covalent “‘ amorphous ”’ carbon lattice. 

The present series of papers will be concerned with these problems, and this part deals 
with a method of estimating graphite which, although subject to certain limitations, 
possesses advantages over the electrical conductivity method in that reproducible results 
are readily and simply obtained. Uncertainties in the interpretation of the results arise 
in dealing with samples of carbon of widely different densities and physical form, but with 
similar types of carbon, the method appears to give a reliable indication of the relative 
amounts of graphite present. The method, which has already been outlined (Blayden 
and Riley, J. Soc. Chem. Ind., 1935, 54, 1597), consists in measuring the rate of oxidation 
at 100° of the finely ground and accurately graded samples of carbon by a solution of potass- 
ium dichromate in syrupy phosphoric acid, by which those forms of carbon which are known 
to be highly graphitised, e.g., natural graphite, electrode carbons, retort carbon, etc., are 
oxidised much more rapidly than sugar charcoal prepared at approximately 900°. The 
extreme types of carbon so far examined by this method gave the following results. 1 G. 
of charcoal, graded between 60 and 100 I.M.M. sieves and prepared by carbonising sucrose 
slowly up to 900°, gave, under the standard conditions, only 16 mg. of carbon dioxide in 
24 hours, whereas 1 g. of a similarly graded sample of a graphite electrode carbon + gave, 
under similar conditions, 1600 mg. Diamond gave only 43 mg. in 2} hours. It is 
remarkable that the graphitic carbon, which is so much less reactive to gaseous oxygen 
than sugar charcoal, should be oxidised so much more rapidly, in spite of the greater area 
which the less dense sugar charcoal presents to the oxidising solution. 

Since, ionic reactions proceed much more rapidly than those involving activation of 

* These authors employ the term “ graphitisation ’’ to denote both the original formation of 
graphite by the decomposition of an organic compound, and also the grain growth at higher temperatures. 
The word is here employed in its chemical sense. 

+ Origin unknown, but probably prepared by heating artificial graphite together with a carbon- 
aceous binder at a high temperature for a prolonged period. The sample had a high electrical and 
thermal conductivity. 
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molecules, Blayden and Riley (loc. cit.) suggested that in the reaction of carbon with mole- 
cular oxygen we are dealing with a molecular reaction in which the impurities present in 
the carbon act as reaction centres, whereas in the wet oxidation of carbon, we are dealing 


Fic. 1. Fic. 2. 
Electrode Carbon. Sugar Charcoal. 
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50 C.c. of oxidising solution, prepared as follows, used in each oxidation: 13°6 g. H,CrO, dissolved in 
(a) 100 c.c. syrupy HPO, (d, 1°75); (b) 75 c.c. syrupy H,PO, + 25 c.c. H,O; (c) 50c.c. syrupy H;PO, + 
50 c.c. H,O; (d) 100 c.c. HO. 
with an ionic reaction. It has now further been shown that the phosphoric acid plays 
a very important part in differentiating, by means of the reaction velocity, between 
“amorphous ”’ and graphitic carbon. Figs. 1 and 2 show the effect of phosphoric acid 
concentration on the velocity of oxid- 
ation of electrode carbon and of sugar Fic. 3. 
charcoal by the above method. With 7 
the former, the reaction velocity was / 
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reduced to approximately  one- 
thirteenth of its original value when 
water, instead of syrupy phosphoric 
acid, was employed as solvent for the 
chromic acid; with sugar charcoal, no 
such change was observed, but the 
reaction velocity showed a minimum 
value when the chromic acid solvent 
was 50% syrupy phosphoric acid and 
50% water. The dependence of reaction cia bial 
velocity upon phosphoric acid con- > 
centration is illustrated in Fig. 3. In Xectrode carbon 
the absence of phosphoric acid, 7.e., with 0 40 50 30 
a solution of chromic acid in water, the HyP0,(%by vol) in chromic acid solvent. 
electrode carbon and the sugar charcoal 
were oxidised at approximately the same rate. A concentrated sulphuric acid solution 
showed similar, but not such great, differences in the oxidation velocities (see below). 
Mg. CO, in 2} hrs. 
Oxidising solution. Electrode carbon. Sugar charcoal. 
3°55 G. K,Cr,O, in 50 c.c. conc. H,SO, 205 40 
3°55 G. K,Cr,O, in 50 c.c. syrupy H,;PO, 679 93 
Chromic acid is less soluble in concentrated sulphuric acid than in syrupy phosphoric 
acid, so for comparative purposes less concentrated solutions were employed. Bartoli 
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and Papasogli (Gazzetta, 1883, 18, 37) have shown that, when graphite is anodically 
oxidised, the chief products are carbon monoxide and dioxide and “ graphitic acid” 
(C,,H,O,). When, however, phosphoric acid was employed as the electrolyte, they obtained 
a “‘ graphitic acid’ containing phosphorus. This result indicates that phosphoric acid 
can, under certain conditions, react chemically with graphitic carbon. The following 
simple experiment lends further support to this view. 

An arc-electrode carbon was broken in two and the pieces used as anodes in two electro- 
lytic cells connected in series, one containing 10° aqueous phosphoric acid and the other 
10% aqueous sulphuric acid. A current of approximately 80 milliamps./cm.? of the anode 
surface was passed through the cells. After 20 minutes the first cell contained a concen- 
trated colloidal dispersion of a dark carbonaceous substance (“ phosphorus graphitic 
acid ’’ ?), whereas the electrolyte in the second cell remained almost clear. The pheno- 
menon, which is being investigated further, suggests that the specific action of phosphoric 
acid in the chromic—phosphoric acid oxidations could be accounted for by a direct chemical 
attack or a peptising action on the graphite by the phosphoric acid. This acid itself does 
not attack graphite appreciably at 100°, so presumably the chemical or peptising action 
only occurs, or is greatly accelerated, when the graphite is being oxidised. This would 
offer a reasonable explanation of the greater susceptibility of graphite than of amorphous 
carbon to oxidation, viz., a chemical or dispersing action of the phosphoric acid upon 
graphitic (but not upon amorphous) carbon, followed by a rapid oxidation of the product. 

If samples of coal are carbonised over a range of temperatures, then in the neighbour- 
hood of 700° there is a critical temperature at which profound changes in the properties 
of the coke samples occur (see ‘‘ The Solid Products of the Carbonisation of Coal,” 1934, 
59; South Metropolitan Gas Co.): ‘‘ The contraction in volume, the large increase in 
electrical conductivity, the decrease in reactivity to sulphuric acid, the loss of ability to be 
dispersed in sulphuric acid, the attainment of and fall from maximum adsorptive power, 
the rise in ignition temperature and fall in combustibility all point in this direction” 
(see also Arndt and Pollack, loc. cit.). Burgess and Wheeler (J., 1910, 97, 1917) showed that 


at temperatures above 700°, the gases evolved during the carbonisation of coal are chiefly 
hydrogen, accompanied at first by a little methane; and Stock, Lux, and Rayner (Z. 
anorg. Chem., 1931, 195, 158) proved that at temperatures higher than 750° hydrogen is the 
principal impurity remaining in degassed charcoal. If it be accepted that “‘ amorphous ” 
carbon is a complex hydrocarbon containing a small quantity of hydrogen, arranged in 
such a way, in the ideal case, that the lattice is completely covalent, then the above facts 
are readily interpreted by the following view. At the critical temperature, in the neigh- 


” 


bourhood of 700°, the decomposition of the covalent ‘‘ amorphous ”’ carbon commences, 
with the reduction of its hydrogen content and the progressive formation of the metallic 
graphite lattice, with a consequent fundamental alteration in both chemical and physical 
properties. 

The existence of this critical temperature near 700° is further illustrated by the 
susceptibility of specimens of carbon, prepared over a range of temperature, to oxidation 
by the chromic-phosphoric acid solution. A series of cokes, prepared from each of three 
different coals by carbonisation in nitrogen for one hour at different temperatures, were 
submitted to the standard wet oxidation test, and the results are shown in Fig. 4, velocity 
of oxidation being plotted against carbonisation temperature. The three curves obtained 
from (a) steam coal, (b) a coking coal, and (c) an anthracite all show a pronounced minimum 
at about 650°. The wet oxidation rates depend partly upon the manner in which the 
carbonisation is carried out, but the minimum at 650° is a definite characteristic of the 
curves. The maximum at 450° in curve (d) is connected with the coke-forming properties 
of the coal, and will be discussed elsewhere. That the cokes formed at temperatures 
greater than 700° show, with increased temperature of carbonisation, an increased sus- 
ceptibility to oxidation appears to indicate that graphitisation commences in the neighbour- 
hood of this temperature. This view is supported by other pronounced changes which 
occur at the same temperature. In Fig. 5 both the volatile-matter contents of the cokes 
prepared from the coal (6) and the amounts of water vapour sorbed from a partially 
saturated atmosphere are plotted against the carbonisation temperatures : the pronounced 
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changes in the neighbourhood of 650° are obvious (compare the results obtained by the 
South Metropolitan Gas Co., op. cit., for the sorption of carbon dioxide). 

Bangham and Stafford (loc. cit.) showed that graphite does not sorb molecular hydrogen 
but can be made to take up hydrogen (ionic) in a discharge tube; the graphite was in this 
way “‘ activated ” and would now sorb oxygen. This result is in accord (1) with the fact 
that increase in wet oxidation rate (7.e., an increase in graphite content) is accompanied 
by a decrease in sorptive capacity at temperatures of carbonisation over 700°; and (2) 
with the view that the change “amorphous” carbon->graphite consists essentially in 
the elimination of hydrogen from a hydrocarbon complex. 

The above results leave little doubt that the rate of oxidation of finely ground, closely 
graded samples of carbon, by the chromic—phosphoric acid solution, gives a semi-quanti- 
tative measure of the extent to which the sample is graphitised. The method is, of course, 
open to uncertainties due to lack of means of measuring the surface area of carbon particles. 
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It is, however, highly significant that it is the denser graphitic carbon (generally supposed 
to have a less porous surface than other forms of black carbon) which is the more rapidly 


oxidised. 
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EXPERIMENTAL. 


The standard method employed in measuring the oxidation velocities (see Blayden and 
Riley, Joc. cit.) consisted essentially in oxidising at 100° 1 g. of the carbon sample, accurately 
graded between 60 and 100 I.M.M. sieves, by 50 c.c. of a solution made by dissolving 10 g. of 
potassium dichromate in 50 c.c. of syrupy phosphoric acid (d 1-75). The solution was stirred by 
bubbling air through it at constant rate, and the carbon dioxide evolved was absorbed by soda— 
lime. Under these conditions, the reaction velocity was approximately linear during the initial 
period. 

The coal carbonisations were carried out in a vertical, electrically-heated, silica tube con- 
nected at the bottom to a source of oxygen-free nitrogen, purified by passing over heated 
copper and through a pyrogallol scrubber. From the upper stopper of the furnace tube a 
silica test-tube was suspended by means of nichrome wire. The upper stopper also carried 
an exit tube and a silica thermocouple sheath. The air-dried coal (7 g.), graded as above, 
was placed in the test-tube with the thermocouple sheath embedded init. The stopper carrying 
the test-tube, thermocouple, and exit tube was then placed in position, the furnace having pre- 
viously been raised to the required temperature. After 1 hour’s carbonisation in nitrogen, 
the resulting coke was removed, cooled, graded as before, and a 1 g. sample tested in the wet 
oxidation apparatus. 

The amount of moisture adsorbed by the various samples was determined by measuring the 
loss in weight which occurred on heating at 105—110° for 1 hour, after several days’ exposure 
to an atmosphere partially saturated with water vapour. The volatile-matter contents of 
the samples were determined by the standard B.S.I. method (i.e., by determining the loss in 
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weight occurring on heating at 965° + 15° for 7 minutes in a reducing atmosphere; B.S.S. No. 
496, 1933, p. 11). 


The authors thank the Northern Coke Research Committee for permission to publish this 
work. 
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407. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part XIV. Complex Formation between Malonates of the 
Heavy Metals and of Sodium. 


By H. T. S. Britron and Maurice E. D. JARRETT. 


ALTHOUGH the normal malonates of the weaker metallic bases such as ferric, aluminium, 
and chromium hydroxides have not been isolated in good crystalline form, yet well-defined 
complex malonates with the alkali metals are known; those formed from tervalent metals 
(R) are of the constitution Na,[R(CH,<C,0,)3], and by analogy with the corresponding 
complex oxalates, they are usually considered to be salts of complex tribasic acids, 
H,[R(CH,<C,0,),]. Riley (J., 1929, 1310) prepared the similar sodium cuprimalonate, 
which he represented as Nag[Cu(CH,<C,0,).(H,O).], and by means of the copper electrode 
he measured the “ instability constant ” of the anion (J., 1930, 1642). 

In the case of the weakest bases, ¢.g., ferric hydroxide, it happens that aqueous solutions 
of the bases alone in malonic acid have many properties in common with the complex 
alkali malonates; for instance, the ferric-ion concentrations of both acid ferric malonate 
and alkali ferrimalonate solutions are exceedingly smali, treatment with potassium thio- 
cyanate yielding but faint colorations, if any. Stronger bases, e.g., magnesium, manganous, 
and zinc hydroxides, show no such tendencies to complex formation. The present work 
was therefore carried out to ascertain whether the mode of formation of complexes could be 
attributed to the weakness of the metallic base, as shown by the fg value at which it is 
precipitated under normal conditions, and of the two dissociation constants of malonic acid. 
We have already shown (Part XIII, this vol., p. 168) that many of the weaker bases are 
unable to react with the second stage of malonic acid. 

This work consists chiefly of two series of electrometric titrations: (a) of heavy-metal 
salts by sodium malonate, and (5) of malonic acid solutions containing various amounts 
of metallic bases by sodium hydroxide. The reactions of the crystalline complex salts in 
solution have also been compared with those of similar complex malonates formed in the 
course of the titrations. 

It was hoped that the malonate-ion concentrations might be ascertained by means of 
the electrode Ag|CH,(CO,Ag),, just as Abegg and Schafer (Z. anorg. Chem., 1905, 45, 293) 
used the silver-silver oxalate electrode in their study of complex oxalate solutions. 
Potentiometric determinations of the solubility product of silver malonate showed, however, 
that this salt is much too soluble both in water and in complex malonate solutions to be of 
service. 

EXPERIMENTAL. 


I, Double Decomposition Reactions between Heavy-metal Salis and Sodium Malonate.—The 
reactions occurring during the progressive addition of sodium malonate to dilute solutions of 
either the chloride or the sulphate of various metals have been studied by measuring the py 
values with the glass electrode. If simple double decomposition takes place, immediately the 
stoicheiometric amounts of alkali malonate are added the py values of the solutions should rise to 
values corresponding to the presence of free sodium malonate, viz., to pg = 4(Px, + Pet log ¢) = 
9-78 + 4 log c, where c is the concentration of the excess of added sodium malonate. Fig. 1 
gives the variations in py which occur on adding either 0-05M- or 0-1M-sodium malonate to 
100 c.c. of each of the solutions given in the first column of Table 1; for both 0-02M-magnesium 





Complex Formation involving Weak Acids. Part XIV. 1729 


sulphate and 0-02M-zinc sulphate, 0-05M-sodium malonate was used. The copper, ferric, and 
aluminium salt reactions were also followed conductometrically at 25°, the specific conductivities 
corresponding with varying excesses of sodium malonate being recorded in Table I. In Fig. 1 
the pg values are plotted against mols. of sodium malonate per atom of heavy metal. 

Titrations of the zinc and copper sulphate solutions with sodium malonate were carried out 
at 18° with zinc-amalgam and copper electrodes respectively and the normal calomel electrode, 
saturated solutions of potassium chloride being interposed to eliminate the diffusion potentials 
in both cases. 

The curves in Fig. 1, except those of magnesium, zinc, and chromium, are inflected at a point 
corresponding with slightly more than the stoicheiometrical amount of sodium malonate. 
Comparison of the ~, values thereafter set up with those of pg = px, of malonic acid, given at 
the right of Fig. 1, shows that some of the hydrogen ions of the second stage of dissociation of 
malonic acid could not have reacted with the heavy-metal bases. The curves for the two 
strongest bases studied, viz., magnesium and zinc, indicate, however, pq values in the region of 
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px, + 2, showing that in these cases the concentrations of hydromalonate ions were exceedingly 
small. The data also show that in the presence of excess of sodium malonate the zinc and copper 
solutions were on the verge of precipitating their respective hydroxides; for computations based 
on the potentials of the zinc-amalgam electrode and the pq values led to ionic products, 
[Zn™*][OH’]?, between 10-!* and 10-1”, which is of the same order as that of the solubility product, 
1 x 10-7 (Britton and Robinson, Trans. Faraday Soc., 1932, 28, 542). Table I also shows that 
the ionic products [Cu”][OH’]? lie between 10-*5 and 10-*°. Calculation from the py values, 
measured with the quinhydrone electrode, during the precipitation of the basic salt 
CuSO,,3Cu(OH), on adding 0-1N-sodium hydroxide to 0-02M-copper sulphate led to an average 
value of 10-°? for the solubility product, [Cu][OH’]’, the extremes being 10-*%4 and 10-1#'95 
(see also idem, ibid., p. 541). 

The failure of sodium malonate to precipitate a heavy-metal base, even though the p, at 
which the base is normally precipitated may be exceeded, as in the ferric, aluminium, and 
copper salt titrations, may be due to the retention of the hydroxide in solution as a basic hydro- 
malonate, stabilised in some way by the alkali malonate, or else to the formation of complex 
anions. Thus, if we assume with Riley that cuprimalonate ions, CuM,”, are formed when an 
excess of sodium malonate is added to copper sulphate, the copper-electrode potentials lead to 


constant values of the instability constant, viz., K = [Cu™][M”]?/[CuM,”] (recorded as — log K 
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TABLE I. 
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or ~x), which are in accord with those found by Riley; [M”], the malonate-ion concentration, 

refers to the concentration of sodium malonate in excess of that required to form CuM,”, whereas 

[CuM,”] is taken equal to the total copper concentration, all the copper being assumed to have 

entered the complex anion. Similar calculations made for the zinc solutions, however, did 
not give constant values for the instability of the hypothetical ZnM,”, and these ranged from 

10-7 to 10-*** as the excess of sodium malonate was increased. This divergence might have 

been caused by failure of the zinc-amalgam electrode to behave in a reversible manner, although 

the potentials set up were reproducible. 

Riley found that the instability constants of the cupri-diethyl- and -dipropyl-malonate ions 
were about 1000 times greater than that of the cuprimalonate ion. Moreover, the addition 
of the corresponding sodium malonates to copper sulphate solutions resulted in slight precipit- 
ation. According to Gane and Ingold (J., 1929, 1691), these substituted acids ionise appreci- 
ably more in their first stage than does malonic acid, but their second stages of ionisation are 
about 100 times weaker, K, being of the order of 10-*. Their alkali salts are therefore appreci- 
ably more alkaline, and this, coupled with the stronger first stages, will either lead to pre- 
cipitation of copper hydroxide from copper sulphate solutions or else cause the base to be retained 
in solution in an unstable manner. 

An attempt was made to calculate the composition of the heavy-metal malonate present in 
these sodium malonate solutions from the pq values, on the assumption that the weaker bases 
are able to react with only the first stage of malonic acid. Thus with copper sulphate, in con- 
sequence of the weakness of copper hydroxide and of the second-stage dissociation of malonic 
acid, the following reaction might take place: H,O + CuSO, + Na,M —-—> Cu(OH)(HM) + 
Na,SO,; and similarly for aluminium sulphate: 3H,O + Al,(SO,), + 3Na,M —~> 
Al,(OH),(HM), + 3Na,SO,. Hence, when equivalent quantities of sodium malonate are added, 
there exist in the solutions what are virtually basic hydromalonates, probably in the state of 
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very feebly ionised micelles. It is possible that the hydromalonate might react further with the 
metallic bases, especially if the basic aggregates are not in the state of true solution. Of a 
number, y, of mols. of sodium malonate added in excess per heavy metal atom, suppose a 
number, x, reacted in accordance with the equation *Na,M + *H,O + Cu(OH)(HM) ——> 
2xNaHM +Cu(OH),,-(HM),-,, then [NaHM]/[Na,M] = 2%/(y — *) = [HM’/[M”], if the ionis- 
ation of the sodium malonate and hydromalonate is assumed to be complete. This ratio can 
be calculated from the expression py = px, + log [HM’]/[M”], K, being 10-°*. In Table I 
the values of [HM’]/[M’’] are given for the various excess amounts of sodium malonate added 
(per atom of heavy metal), from which HM, the amount of radical combined with each molecule 
of the heavy metal base existing in solution, has been obtained. Table I shows that, whilst 
the heavy-metal salts are appreciably basic in the presence of small amounts of sodium malonate, 
they become less and less basic as the excess of alkali malonate is increased. This is true of 
copper, beryllium, and uranium, the final complexes of which might be represented as 
Cu(OH)s.0:(HM)o.99, Be(M)s.o2(HM)o9, and UO,(OH),03(HM),97- Similarly, Al(OH),.s(HM),.46 
and Fe(OH),..;(HM),.,; refer to the weaker bases. Chromium, however, becomes increasingly 
basic. The specific conductivities set up with various excesses of sodium malonate are recorded 
in Table I as x,p,,,and are compared with the calculated conductivities, Kaj... The latterare based 
on the assumptions that simple metathesis occurs, and that the conductivity of the solutions is 
due to the sodium malonate in excess of the amount required to form the heavy-metal malonate, 
together with the equivalent amount of sodium sulphate or chloride simultaneously formed, 
the contribution of the heavy malonate not being considered. The very small differences be- 
tween the observed and calculated conductivities, Kgig, show that this view is sensibly correct 
in the case of copper and aluminium, the larger discrepancy in the case of iron being probably 
caused by a little hydrolysed malonic acid. It would appear, therefore, that the heavy-metal 
basic hydromalonates existing in solution are but slightly ionised. With excess of sodium 
malonate the calculated conductivities are seen to be higher than the observed, the differences 
being greater for aluminium and iron than for copper. These diminished conductivities are 
evidently caused by the retention of the heavy metals in solution. In certain reactions hydro- 
malonate ions were present: they could have but little effect on the conductivity. 

II. Electrometric Titrations with Sodium Hydroxide of Malonic Acid Solutions of Typical 
Bases.—Figs. 2 and 3 illustrate the variations in pg taking place when malonic acid solutions, 
previously neutralised with a heavy-metal base to the extent indicated by the first point on each 
curve, are titrated with 0-1N-sodium hydroxide. The curves have been constructed so as to 
emphasise the changes in p, during the process of (a) neutralisation of the malonic acid, the 
abscissa representing the total percentage of neutralisation, i.e., with both heavy-metal base 
and sodium hydroxide, and (b) precipitation, the abscissa giving the percentage amount of the 
stoicheiometrical quantity of sodium hydroxide required to precipitate the metallic hydroxide 
from malonates of the heavy metals after the malonic acid has been completely neutralised. 
The curves are those of glass-electrode titrations of solutions, details of which are recorded in 
Table II; the arrows on them denote the incidence of precipitation, and the pq values at which 
it occurs are compared in Table II with those at which the respective bases are usually pre- 
cipitated. Except for magnesium and zinc hydroxides, the precipitation py values for malonate 
solutions are considerably higher, showing that the metal-ion concentrations of the malonate 
solutions of the weak bases are exceedingly low, owing either to the existence of feebly ionised 
basic hydromalonates or to the bases being present in complex malonate ions. Potential 
measurements have already demonstrated the low concentrations of copper ions, and Table II 
shows that the greater the ratio of free malonic acid to copper malonate the higher is the py 
value to be reached before precipitation ensues. A similar effect was observed with acid ferric 
malonate solutions; e.g., the ferric hydromalonate solution, the titration curve of which is 
illustrated by Curve K (Fig. 2), gave but a slight indication of ferric ions with potassium thio- 
cyanate. On the addition of alkali the concentration rapidly diminished, so much so that when 
the solute acquired the composition represented by Na,FeMs,, the ferric ions had entirely dis- 
appeared. 

The broken lines in Figs. 2 and 3 represent the neutralisation of malonic acid with sodium 
hydroxide. It will be seen that during the second stage of the neutralisation of solutions of 
malonic acid containing the metallic bases, the curves corresponding to the weakest bases, 
e.g., ferric and aluminium hydroxides, depart most from the broken curves. Incidentally, the 
conductivities were almost equal to those which would have been caused by the sodium malonate 
formed. It appears, therefore, that the weak bases must have been present in the form of very 
feebly ionised basic hydromalonate complexes. Hence the changes in py during the neutralis- 
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ations shown in Figs. 2 and 3 result from the neutralisation of any free malonic acid that may 
have been present, and also from the gradual decomposition of the basic complexes. 

In view of the low metal-ion concentrations of malonic acid solutions of weak metallic 
bases, it might, for instance, be held that those solutions in which the solutes correspond with 
the hydromalonates of copper, aluminium, ferric iron, and chromium contain, respectively, 
the complex acids, H,CuM,, H,AIM;, H,FeM;, and H,CrM,, so that on adding 1 equiv. of sodium 
hydroxide (per mol. of malonic acid), the corresponding complex sodium salts are formed. As 
shown by Figs. 2 and 3, the variations in p, during the neutralisation of the acid solutions give 
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no evidence of any such complex acids being present. The py value of the solution in which 
sodium cuprimalonate was formed was 7; aluminimalonate, 7; ferrimalonate, 5-6; chromi- 
malonate, 5-45. Only negligible concentrations of hydromalonate ions were present in the 
first two solutions, whilst the low py values of the last two reveal that the salts were decomposed 
somewhat, giving malonate and hydromalonate ions. Figs. 2 and 3 also illustrate the addition 
of sodium hydroxide and hydrochloric acid to solutions of sodium aluminimalonate (curves a 
and b respectively) and ferrimalonate (curves M and N respectively), the initial solutions having 
been prepared from the crystalline complex malonates. It will be seen that the p,q values of 
these solutions are almost the same as those set up during the titrations of the acid solutions, 
and moreover, that on treatment with alkali the salts underwent similar attack resulting in 
precipitation. Curves N and b show that the complex malonates are decomposed by hydro- 
chloric acid. 
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TABLE II. 


Solution titrated. Pptn. began at py. Normal pptn. px. 
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+ Curve N represents the titration of this solution with 0°1N-HCl. 
{ J.e., BeM,0°3Be(OH),. 


Alkali chromimalonates, prepared by actual crystallisation, are, however, much more stable 
than either the alumini- or the ferri-malonate. On dissolution in water the chromimalonates 
give appreciably higher pq values than when they are prepared by metathesis in solution, and 
are also much more resistant to alkali. Thus 0-0067M-potassium chromimalonate (K,CrM;) 
has a py of 6-20, and on addition of a drop of alkali the solution becomes alkaline, but on standing, 
decomposition occurs and the pg, falls to 7:5. 

With strong acids, both beryllium and chromium hydroxides form salts in which 1 equiv. 
of the acid appears to be more loosely bound than the remaining 1 and 2 equivs. respectively. 
With this peculiarity is associated the fact that the salts of the two bases resist precipitation with 
alkali until this loosely bound acid has been removed. 

In each of the beryllium titrations, precipitation did not begin until the solute had the 
composition represented by BeM,Be(OH),. From the chromium solutions, precipitation did 
not occur, although it could be effected from the alkaline solutions by shaking with potassium 
chloride or by prolonged boiling. The acid solutions were deep mauve, but as alkali was added 
to bring them to ca. py 7 they became green, and thereafter developed the characteristic bright 
green colour of alkaline chromium solutions. Curve V, that of so-called chromium malonate, 
shows, by comparison with the broken curve, that about one-third of the malonic acid was either 
free or loosely combined, and that the basic portion, CrM(OH), could scarcely have been ionised, 
for it exerted very little, if any, buffering action. The acid—malonate curves, S,7,U, are 
largely those of the neutralisation of uncombined malonic acid, and it is significant that they 
tend to merge at about p, 7, corresponding to the basic salt, Cr((OH)M. The decomposition of 
this basic malonate is difficult, as is seen from the increasing alkalinity of the solution during 
the addition of 35—80% of the stoicheiometrical amount of alkali required to effect its 
decomposition. 

Uranyl malonate, UO,(CH,C,0O,),,3H,O (Found: U, 55-8; loss at 100°, 8-04. Calc.: U, 
55-87; H,O, 8-44%) was prepared by Courtois’ method (Compt. rend., 1924, 158, 1689), and the 
decomposition of its solution by alkali investigated, together with that of the solution of the 
double salt Na,M,UO,M, prepared by dissolving uranyl malonate in sodium malonate by 
the aid of heat on the water-bath. The large increase in the solubility of uranyl malonate in 
the presence of alkali malonates is noteworthy. The decomposition of these solutions by alkali 
is similar to that of the corresponding aluminium and iron malonate solutions, and hence the 
Pu Curves were omitted from the diagrams. 

III. Equivalent Conductivities of Complex Malonaies——In Table III the equivalent con- 
ductivities of potassium chromimalonate are compared with those of potassium malonate, whilst 

50 
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TABLE III. 


v, litres 64 128 256 512 1024 | Arosa — Age. 
}K,Cr(CH,C,0,); 109-2 115°4 123°4 127°1 133-6 33°8 

K,CH,C,0, . 117°6 123°1 125-0 126-9 128-0 15°5 
4Na,Al(CH,C,O,); 87°7 92-0 97°2 105-0 117°7 37°7 
}Na,Fe(CH,C,0,)3 : 76-7 82:9 87°7 92-9 98-3 25°7 
$Na,CH,C,0, . 102-4 105°5 109-0 112-0 114-0 15°8 
those of sodium alumini- and ferri-malonate are compared with the conductivities of sodium 
malonate. The last column gives the differences Ajo9,—Ag,. These might be considered, 
according to the Ostwald—Walden rule, to indicate the tribasicity of the chromi- and ferri- 
malonate ions, but the value for the aluminium complex, 37-7, is somewhat higher than would 
be expected if this were a stable salt of a tribasic acid. The observed conductivities of these 
solutions were reproducible when freshly prepared solutions were used; after standing at, 
or after boiling and cooling to, 25°, they increased but very slightly. This was unexpected in 
the case of sodium ferrimalonate in view of the colour changes which it undergoes: solutions 
more concentrated than N/64 are pale green; N/128-solution is green immediately after pre- 
paration but becomes pale yellow in a few hours, whilst more dilute solutions become yellow 
almost immediately, the rapidity of the change and the relative intensity of the colour increasing 
with dilution. On boiling, the pale green N/32-solution becomes deep reddish-brown, although 
the N/512- and the N/1024-solution suffer scarcely any further change. 

Potassium chromimalonate, K,Cr(CH,C,O0,);,3H,O, was prepared by heating 15 g. of potas- 
sium dichromate with 35 g. of malonic acid in 200 c.c. of water on a water-bath, then adding 
sufficient potassium carbonate to neutralise the malonic acid. Crystallisation was effected by 
adding 30 c.c. of alcohol and 5 c.c. of ether to the hot solution (about 100 c.c.), and the dark 
green crystals were washed with alcohol and ether and dried in air (Found : Cr, 10-06; K, 22-01. 
Calc. : Cr, 9-83; K, 22-12%) (compare Jaeger, Rec. trav. chim., 1919, 38, 294; Lapraik, J. pr. 
Chem., 1893, 47, 321). 

Sodium aluminimalonate, Na,Al(CH,C,O,);, was obtained as white rhombic crystals by 
evaporating on a water-bath a solution containing 10 g. of aluminium chloride and 34 g. of 
sodium malonate, sufficient malonic acid having been included to prevent the separation of 
basic salt (Found: Al, 6-81; Na, 16-91. Calc.: Al, 6-72; Na, 17-16%). 

Sodium ferrimalonate, Na,Fe(CH,C,O,);, was prepared as green rhombic crystals by the 
methods of Matsui (J. Coll. Sci. Tokyo, 1908, 28, ii, 1) and Scholz (Monatsh., 1908, 29, 439). 
Both methods yielded the unhydrated salt (Found: Fe, 13-06; Na, 15-85. Calc.: Fe, 12-99; 
Na, 16-02%), and thus there is no evidence that the salt is dihydrated, as claimed by Scholz. 

IV. Solubility Product of Silver Malonate.—The solubility product, [Ag*]?[M’], was determined 
by means of the combination 


Ag|50 c.c. of 0-1M-AgNO, + x c.c. of 0-05M-sodium malonate |Satd. KNO,|N-Calomel, 


the contents of the left-hand electrode vessel having been mechanically shaken at 18° until 
equilibrium was reached. The data obtained are given below, the total concentrations of 
malonate ions having been calculated from the excess of sodium malonate present and the 
malonate ions originating from the dissolved silver malonate, these being equal to one-half of 
[Ag]. The validity of this method of calculating the malonate-ion concentrations follows from 
the pg values, ca. 7, of the solutions when excess of sodium malonate had been added. 
b (M”] [Ag’}?(M”] ' (M”] [Ag*}?[4"j 
*. EMF. pag. x 10% x 107. *, EMF. Pag. x 104 x 107. 
50 0°3928 2°19 _ 1-40 65 0°3817 2°36 59°4 1°47 


55 0°3902 2°22 22°25 1°44 70 0°3793 2°42 75°0 1°34 
60 0°3831 2°32 41°6 1°48 75 0°3774 2°45 88°5 1°32 


Mean : [Ag’}*{M”] = 1°41 x 10-7. 
Hence it follows that the solubility of silver malonate in water is [1-41 x 10-7/4]'/* = 3-28 x 
10° g.-mol./l. This is greater than was found by Massol (Ann. Chim. Phys., 1894, 1, 196), 
viz., 1-79 x 10° g.-mol./1. 
SUMMARY. 
1, When sodium malonate is added to solutions of heavy-metal salts, the bases appear 
to be held in solution as feebly ionised basic hydromalonates, but these, with increasing 
excess of alkali malonate, probably become converted into complex anions. 
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2. Malonic acid solutions of heavy-metal bases, although complex in nature, do not 
contain definite complex acids. 

3. Several complex malonates have been isolated and their solutions investigated. 

4, The solubility product of silver malonate at 18° is 1-41 x 10°’. 


One of the authors (M. E, D. J.) thanks the Senate of the University of London for the Neil 
Arnott Research Studentship, and also for the Postgraduate Studentship now held. 
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408. Isotopic Exchange Reactions of Organic Compounds. Part I. 
The Intermolecular Nature of Three-carbon Tautomerism. 


By D. J. G. Ives and H. N. Rypon. 


AN important application of deuterium in organic chemistry is its use as an “ indicator ’ 
in the study of tautomeric changes involving the migration of a hydrogen atom: results 
stated to have some bearing on keto-enol tautomerism have already been obtained by this 
means (cf. Bonhoeffer and Klar, Naturwiss., 1934, 22, 45; Schwartz and Stenier, Z. 
phystkal. Chem., 1934, 25, B, 153; Klar, ibid., 1934, 26, B, 335; Halford, Anderson, and Bates, 
J. Amer. Chem. Soc., 1934, 56, 491). The present evidence on the mechanism of three- 
carbon tautomerism is compatible with a number of different theories, and application of 
the new method is, therefore, of particular interest. 

With this object we have studied the partition of deuterium and hydrogen between the 
butenoic acids and the solvent under conditions known to produce substantially complete 
tautomeric equilibrium, viz., treatment with 1-05 mols. of N-sodium hydroxide in aqueous 
solution at 100° for 2 hours. As a check, the behaviour of butyric acid under the same 
conditions has been examined. The isotopic ratios of deuterium to hydrogen in all com- 
ponents of the systems, both before and after the ‘‘ equilibration,” have been taken into 
consideration. That of the organic materials used initially has been assumed to be normal, 
and those of the initial and the final solvent, and of the residual equilibrated solutes have 
been determined. 

At every stage, particular attention has been paid to minimising loss, and consequent 
possibility of isotopic fractionation. The results have been expressed in the form of 
‘‘ deuterium oxide balance sheets ”’ (p. 1742), calculated from observed isotopic ratios and 
theoretical yields; this allows the validity of the results to be assessed in each case by the 
degree of agreement between the initial and final amounts of deuterium oxide. Since 
N-solutions were used, the molar proportion of solvent to solute in the systems was approxi- 
mately 50:1. It is therefore evident that any effect of isotopic interchange on the solvent 
will be very small compared with that on the solute, so only the latter results can be regarded 
as decisive. 

The properties of the waters produced by combustion of the final solutes are shown in 
the following table of the increases of density and of mol.-fraction of deuterium oxide 
brought about by equilibration. Butyric and crotonic acids show no appreciable isotopic 


, 


Deuterium Content of Combustion Waters. 
Crotonic acid. Vinylacetic acid. 
. 1-7 71-4 
Mol.-fraction of D,O x 108 . 0-015 0-670 


interchange with the solvent, whereas vinylacetic acid shows substantial interchange. 
The very slight “‘ heaviness’ of the first two waters is attributed to experimental error 
(see p. 1742). 

The result with butyric acid is of interest as indicating that no appreciable enolisation 
occurs under our experimental conditions: a similar result has been obtained for sodium 
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acetate, but in the absence of excess alkali (Bonhoeffer, Z. Elektrochem., 1934, 40, 469; 
Hall, Bowden, and Jones, J. Amer. Chem. Soc., 1934, 56, 750; the latter authors, however, 
report interchange on prolonged treatment). Enolisation in the sense CH,R°CO-OH — 
CHR‘C(OH),has been extensively and successfully invoked toexplain, inter alia, bromination 
on the a-carbon atom (Lapworth, J., 1904, 85,30; Aschan, Annalen, 1912, 387, 9; Ward, J., 
1922, 121, 1161; Shaw, J., 1923, 123, 2233; but contrast Watson, J., 1925, 127, 2067), 
racemisation (Lowry, B.A. Report, 1904, p. 211; Frankland, J., 1913, 108, 725; Rothe, 
Ber., 1914, 47, 843; McKenzie and Widdows, J., 1915, 107, 702; Wren, J., 1918, 113, 
210), and the interconversion of cis—trans-isomerides (Aschan, loc. cit.; Mohr, J. pr. Chem., 
1912, 85, 334; Wren, loc. cit.; Hiickel and Goth, Ber., 1925, 58, 447). 

In the case of the butenoic acids, there is a parallelism between isotopic interchange and 
tautomerism. Crotonic acid tautomerises at most to the extent of 2°% (Linstead and 
Noble, J., 1934, 614) and shows very little, if any, interchange. Vinylacetic acid, on the 
other hand, tautomerises readily to the extent of at least 98% (Linstead and Noble, oc. 
cit.) and undergoes considerable interchange; quantitative interpretation of this result 
involves assumptions which, pending further investigation, are only tentative. It has 
been shown that interchange reactions of deuterium and hydrogen involve an equilibrium, 
the constant of which may differ from unity (cf. Farkas, “‘ Orthohydrogen, Parahydrogen 
and Heavy Hydrogen,” Cambridge University Press, 1935, p. 200), and definite quantitative 
conclusions with regard to the reaction cannot be reached unless the value of this constant 
is known. Since, however, vinylacetic acid shows isotopic interchange, but, during the 
process, is being continuously transformed into crotonic acid which does not show inter- 
change, it seems likely that the interchange reaction is not strictly reversible and is thus 
not an interchange equilibrium in the ordinary sense. As a preliminary working hypo- 
thesis, we assume that a proton is removed from the «-position in the molecule at the demand 
of the protophilic solvent. Following internal electronic rearrangement of the molecule, 
a proton or a deuteron re-enters the molecule in the y-position, in a statistical ratio which 
is mainly determined by the isotopic composition of the solvent but may be modified by 
isotopic discrimination. It is probable, however, that the addition of a proton or a deuteron 
to the “‘ activated ” tautomeric residue of the acid is a reaction of high free energy, and 
that any such isotopic discrimination will consequently be small. 

Subject to the two assumptions that isotopic interchange is a function of tautomerism 
and that no appreciable isotopic discrimination occurs, the reaction may be examined on 
the following lines. It is clear that, on the above basis, the isotopic composition of the 
solvent is continuously changing during the course of the isomerisation. Let M be the 
total number of mols. of solvent, a constant; x the mol.-fraction of D,O in the solvent; 
and m the number of mols. of water equivalent to the hydrogen concerned in the inter- 
change. For an infinitesimal interchange, x.dm = M.dx; therefore dm = M. dx/x. 
Integration for a total interchange of m mols. of water gives 


m = M . log x,/x 


where x, and x are the mol.-fractions of D,O in the initial and the final solvent, respectively. 
Therefore x = x,. e™, and, since m/M is small, x = %)(1 — m/M) as a close approximation. 
Further, let there be r mols. of vinylacetic acid present, and let m of the 5 hydrogen 
atoms per mol. undergo interchange. Then the mol.-fraction of deuterium in the final 
acid, or of deuterium oxide in the combustion water, will be 


y = (x9 — x)M/5r = mx,/5r = nxq/5 or n = 5y/Xxp. 


Substituting the experimental values for y and %», we obtain m = 0-92. It thus seems 
probable that one of the propene hydrogen atoms of the vinylacetic acid molecule undergoes 
isotopic interchange with the solvent during isomerisation. It must be emphasised, 
however, that the only result which is beyond doubt at present is that interchange does occur. 
It is thus clear that the solvent plays an important part in the isomerisation process; 
the change must, therefore, be intermolecular, any intramolecular mechanism being 
unacceptable. 
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EXPERIMENTAL. 


Preparation of Materials ——Butyric acid. Pure n-butyric acid (B.D.H.) was redistilled, 
b. p. 161—163° (Found : equiv., by titration, 88-2. Calc.: 88-06). 

Crotonic acid. The pure acid (L. Light & Co.) was twice recrystallised from water and dried 
over calcium chloride in vacuum; m. p. 70—71° (Found: equiv., by titration, 86-16. Calc. : 
86-05). 

Vinylacetic acid. This was prepared by Linstead, Noble, and Boorman’s method (J., 1933, 
560) and twice redistilled shortly before use; b. p. 74°/16 mm. (Found: equiv., by titration, 
86-0. Calc.: 86-05). 

Deuterium oxide. 0-4% Deuterium oxide (Norsk Hydro-Elektrisk Kvaelstofaktieselskab) was 
refluxed from alkaline potassium permanganate and twice redistilled, a sample being stored in 
a sealed tube for subsequent isotopic analysis. 

Volumetric solutions. Approximately 1-05N-sodium hydroxide solution was prepared from 
B.D.H. “‘ AnalaR ” sodium hydroxide and 0-4% deuterium oxide; hydrochloric acid solution 
of comparable strength was made by absorption of a measured volume of the dry gas in a further 
portion of the same solvent. These solutions were stored in closed vessels, protected from con- 
tamination and change, standardised independently, and checked by titration against each other. 
Microvolumetric methods were employed, all apparatus being 
carefully calibrated against weights of boiled-out distilled water. Fic. 1. 

Equilibration Experiments.—The apparatus (Fig. 1) consisted 
of a 500 c.c. Pyrex flask, A, connected by means of a side tube 
to a reflux condenser, an efficient splash-head, and a receiver, B, 
for the solvent distilled during the recovery process; the 
whole could be exhausted when desired through the tap, C. 
Preliminary cleaning was effected by treatment with nitric— 
chromic acid, thorough washing with distilled water, and baking 
under vacuum. Asmall quantity of silver oxide was introduced 
into B prior to the experiment and dried in vacuum. 

Slightly less than the required quantity of acid (0-15 mol. of 
butyric acid or 0-2 mol. of the butenoic acids) was weighed into 
A, a weight pipette being used for the liquid acids. Adjust- 
ment to the required quantity, within 1 mg., was then effected 
by adding the balance in a small glass capsule. After the 
sodium hydroxide solution (150 c.c. or 200 c.c. respectively) 
had been added from a pipette, the vessel was sealed, and A 
heated under reflux in a boiling water-bath for 2 hours. After 
cooling, the flask was opened, and the contents exactly 
neutralised by addition of the calculated volume of the standard hydrochloric acid from a micro- 
burette; this neutralisation eliminated the difficulty of removing water completely from 
material containing free sodium hydroxide and fixed a standard time for the equilibration. 

Recovery of Water.—Solvent. Following neutralisation of the contents, flask A was sealed, 
the water drained from the condenser jacket, the whole apparatus rapidly evacuated, and tap 
C closed. Distillation from A to B was effected by cooling B in ice and warming A on the water- 
bath, and was completed by heating A in a boiling water-bath and keeping B at 0° for some 
hours. B was then sealed off and stored; A was detached, and the hard dry residue scraped 
out as completely as possible. 

Residue. After being ground to a fine powder and stored over-night in a vacuum desiccator 
containing phosphoric oxide, the residue was rapidly mixed with ignited copper oxide and intro- 
duced into a large combustion tube (125 x 2 cm.), packed in the usual way and previously 
burned out for some hours. The combustion was carried out in a slow stream of dried air, 
water being collected in a weighed trap maintained at — 20° in ice-salt mixture. To check 
the efficient recovery of the combustion water, the absorption train included a second similarly 
cooled trap and a weighed calcium chloride tube; the latter gained 10—20 mg. in weight during 
the course of the combustion (12 hours). The over-all yield of water in each case was approxi- 
mately 93% of the theoretical. 

Isotopic Analysis.—The isotopic ratio in the water samples was estimated by the “‘ flotation ”’ 
method of density determination (see, e.g., Farkas, op. cit.). A vacuum technique of purification 
and measurement in an all-Pyrex glass apparatus was employed; the sample (7—8 c.c.) was 
completely recovered (at least 99% yield) and the entire process could thus be carried out 
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repeatedly. It was found, however, that constancy of density was reached after the first 
treatment, indicating the effectiveness of, and the absence of isotopic fractionation in, the puri- 
fication process. It was also possible to redetermine the density of a sample stored in a sealed 
tube over a period of time, and the measurements showed that, within the limits of accuracy 
(ca. 1 part per million in density), there was no disturbing change in the measuring apparatus 
during the experiments. 

Summary of Purification Method.—Since the initial materials were ‘‘ chemically pure,” 
the purification process did not have to be so rigorous as that of Emeléus, James, King, Pearson, 
Purcell, and Briscoe (J., 1934, 1207), which was designed for natural waters. Briefly, it con- 
sisted of five main operations: (a) preliminary treatment with silver oxide, (b) distillation 
in a stream of oxygen over heated copper oxide, (c) further treatment with silver oxide, (d) 
removal of dissolved gas, and (e) vacuum distillation. None of these stages could be omitted 
without disturbing the density results, except that stage (@) was unnecessary for samples already 
treated. In earlier work an attempt was made to use a stock of substantially pure water as a 
‘“‘ sub-standard ” (tap-water, completely purified according to the above scheme, being taken 
as the primary standard), in order to carry out repeated checks on the stability of the measuring 
apparatus. This water was subjected to stages (d) and (e) only, and gave erratic density 


«e 


Fic. 2. 









































results; it would seem that only freshly and rigidly purified samples of water can provide 
results of the required accuracy. 

Apparatus.—The components are illustrated in Fig. 2. Stage (a) was carried out in vessel 
A and followed by transfer of the sample to the trap B. During Stage (b), the sample was passed 
through the combustion tube into the trap C, where Stages (c) and (d) were effected. Trap D 
served as a receiver in the vacuum distillation prior to the final transfer to the flotation vessel E. 

The object of the “ septa’’ F and K (i.e., thin-walled bulbs, broken by the usual electro- 
magnetic device when desired) attached to vessels A and C was (i) to ensure complete inter- 
action of the sample with silver oxide in a confined space, and (ii) to avoid the introduction 
of foreign water into the sample as a result of the glass-blowing operations required during the 
actual purification process. The “‘ loop-way ” tube surrounding the septum K was used only 
during preliminary steaming and pumping, and was sealed at J at the conclusion of these oper- 
ations; during the combustion, oxygen issued at the outlet /. 

The method of introducing the oxygen-steam mixture into the combustion tube by means 
of a preheater and an oxygen by-pass G is self-evident from the figure, and was very efficient 
in preventing condensation or back-distillation of the sample. The rubber stopper attaching 
trap B to the combustion tube was also kept cool and well away from the sample by this device. 
The combustion tube was packed with copper oxide and with a plug of silver wool at the receiver 
end; it was connected to the remainder of the apparatus by means of the unlubricated ground 
joint H, which did not have to withstand any pressure difference. Tap L, used to isolate the 
apparatus from the pump when necessary, was lubricated with ordinary vaselin; as it was far 
removed from the sample throughout the experiments, there was no danger of contamination. 





Reactions of Organic Compounds. Part I. 1739 


The apparatus was exhausted by means of a single-stage mercury diffusion pump, backed 
by a Cenco ‘“‘ Hyvac”’ pump, the usual type of discharge tube providing a rough vacuum 
gauge. 

The flotation vessel, E, consisted of three compartments, a receiver, used in the final vacuum 
distillation, and two side-limbs into which the silica floats were introduced at the appropriate 
stage. The floats, together with the other apparatus associated with the physical measure- 
ments, are described on p. 1740. 

Cleaning of the Apparaius.—Since the ratio of surface of apparatus to volume of sample 
was relatively large, rigorous cleaning methods were essential. During the purification process, 
the sample was transferred successively through the vessels A, B, C, D, and E, and the cleaning 
of these vessels thus became increasingly significant in the same order. Previous to use, all 
vessels were kept over-night filled with fuming nitric acid; the use of cleaning mixtures con- 
taining non-volatile material was found to be undesirable. Vessels A and B were then washed 
thoroughly with distilled water, dried by ‘‘ pumping out,’’ and finally baked under vacuum. 
The remainder of the apparatus, with the exception of the vessel E, consisted of a single glass 
piece between H and L, and was steamed for 3 hours after the nitric acid treatment. Steam was 
generated from ‘‘ conductivity water,’’ prepared in a still of the Stuart and Wormwell type 
(J., 1930, 85), in an all-Pyrex boiler, the necessary connexion being made by means of tin-foil. 
The flotation vessel was cleaned similarly, steam being generated from a separate boiler. After 
steaming, the vessels were drained, sealed together, dried by pumping out, and finally thoroughly 
baked under high vacuum. 

The absence of ‘‘ pin-holes’”’ in the apparatus was ensured by the maintenance of a high 
vacuum for 1 hour with the tap L closed. This precaution was essential because the floats were 
less compressible than water and therefore sensitive to pressure during flotation; a minute 
leak in the apparatus would cause a considerable discrepancy in the flotation temperatures. 

The floats were cleaned by standing in fuming nitric acid over-night and washing with 
freshly distilled conductivity water immediately before being introduced into the flotation 
vessel, 

Procedure.—About 0-2 g. of silver oxide, freshly precipitated and dried in a vacuum at 100°, 
was placed in flask A, and further pumped, with gentle baking, until a high vacuum was main- 
tained. The vessel was then opened, the sample introduced from a pipette, and frozen at —20°. 
The flask was next rapidly exhausted, sealed, and immersed in a boiling water-bath for 2 hours. 
Meanwhile, a similar quantity of the same silver oxide was introduced into the trap C and further 
exhausted by pumping at J, the by-pass tube having been sealed at J. Subsequently, C was 
sealed to the ground joint H, and a stream of dry oxygen passed, with continual baking of the 
trap, to remove traces of moisture introduced by the sealing operation; the combustion tube 
had previously been burned out for at least 3 hours in dry oxygen. 

On removal from the water-bath, flask A was sealed, via the side tube containing the septum 
F, to trap B, and traces of moisture were removed from the latter by pumping and baking. 
After introduction of the breaker into the fall tube, re-evacuation, and sealing of the apparatus 
from the pump, the septum was broken, and the sample evaporated completely from A to B, 
without boiling, by cooling B in ice-water and warming A at or below 35°. At the conclusion 
of the distillation B was sealed off from A. 

The stream of oxygen passing through the combustion tube was stopped, and trap C cooled 
in an ice-salt mixture to — 20°. The entry and delivery tubes of B were opened (thereby ad- 
mitting about 150 c.c. of moist air, containing not more than 3 mg. of moisture), and B was rapidly 
fitted to the combustion tube as shown in Fig. 2. Distillation of the sample in a slow stream 
of dry oxygen was then carried out, trap B being heated in a glycerol-bath to such a temperature 
that boiling of the sample was just avoided. At the conclusion of the distillation, the oxygen 
stream was continued for at least 4 hour, the joint H and the adjacent part of the combustion 
tube being gently warmed to transfer the last traces of water to C, which was then sealed from 
the joint H, rapidly evacuated, and sealed at J. After melting, the sample was heated in a 
water-bath for 1 hour to ensure complete interaction with the silver oxide. Meanwhile, the 
flotation vessel was removed, the floats introduced, and the vessel resealed to the apparatus ; 
the breaker was introduced into the fall tube above the septum K, and the whole apparatus 
pumped out toahigh vacuum. After cooling, the sample was refrozen at — 20°, and the septum 
broken, with the tap L closed. Dissolved gas was then removed by successively freezing, 
pumping for not more than 2 minutes, and melting with the tap closed. Distillation from C 
to D was carried out over-night by leaving D cooled in ice-water in a Dewar vessel, the 
apparatus being sealed at M to avoid possible leakage of air through the tap over a long 
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period. Similar distillation from D to E was effected immediately before the sealing and 
removal of E, and the determination of the density of the sample. In none of the distillations 
was boiling allowed to occur; transfer by surface evaporation over a temperature gradient of 
30° was rapid, and very efficient in removing dissolved non-volatile impurities, thus making 
the use of splash-heads unnecessary. 

Density Measurements.—The accuracy required in the density measurements demanded the 
control and comparative measurement of temperature within about 0-001°, and this was achieved 
by the following apparatus. The thermostat consisted of a 30-litre glass tank, heated by means 
of a cylindrical lamp, arranged co-axially with a helical toluene regulator of large capacity, 
and so designed as to allow fine temperature regulation, the mercury contact being kept clean 
by a shunting capacity of 16uF to avoid “ drifting ’’ of temperature. The associated electrical 
equipment was of the usual type, the relay current, supplied by a potentiometer connexion at 
about 10 volts, operating an ‘‘ Isenthal ’’ mercury switch in the heater circuit. A rheostat was 
also included, in series with the heater, in order to adjust the periods of heating and cooling 
to approximate equality at about 10 seconds. A cooling coil was used when necessary, and was 
supplied with water at a constant head in order to maintain a steady rate of cooling. The 
disposition of the various components in the bath was of the greatestimportance. Asymmetrical 
arrangement was adopted: the regulator and heater in one corner, the stirrer, propelling 
upwards, in the centre, and the thermometer and flotation vessel in the opposite corner. The 
cooling coil was placed as near the regulator as possible. 

A Sutton bomb-calorimeter thermometer, 65 cm. long and graduated in 0-01° from 21° to 
34°, was used, and found to be remarkably free from secular change and capable of giving 
reproducible readings over a long period. The scale was standardised initially by means of 
the transition point of sodium sulphate decahydrate. During the measurements a further 
check on the temperature scale was kept by the use of two arbitrary “‘ fixed points,’’ supplied 
by the equilibrium temperatures of two large silica floats, permanently sealed in evacuated 
vessels containing samples of pure water. This device eliminated the very considerable correc- 
tions for changes in barometric pressure and for the alteration of the stem exposure effect with 
room temperature; subject to these variations, the fixed points remained reproducible within 
0-001° over the whole period of the recorded measurements. Appreciable secular change was, 
therefore, absent but, in any event, would not have been of any significance. The thermometer 
and motion of the floats were observed by means of a reading microscope, parallax errors being 
negligible. 

The floats were cylindrical and drawn from “‘ Vitreosil’’ tubing, the “‘ experimental ’’ and 
the ‘‘ fixed point ’’ float being 30 x 2 mm. and 60 x 3 mm. respectively. Small hooks at the 
top facilitated manipulation by means of a platinum wire. The object of duplication was to 
minimise danger due to possible damage or secular change; none was observed after the first 
month or two following manufacture. During the experiments, centring and depression or 
elevation of the float within the sample was accomplished by means of suitably varied swirling 
motions of the containing vessel; very rigid mounting of the latter was essential in the course 
of the observations to avoid the disturbing effect of vibration on the motion of the float. 

The exact equilibrium temperature was found by interpolation from a plot of the rate of 
motion of the float against the temperature (Emeléus, James, King, Pearson, Purcell, and 
Briscoe, loc. cit.). The rate of motion was observed for 2 minutes, temperature readings being 
taken immediately before and after this period. The difference between these two readings 
was seldom more than 0-001°, and the range of a single determination of equilibrium temper- 
ature, 0-01°; the latter could thus be interpolated within 0-001°. The determination of the 
density of a given sample consisted of about ten measurements of flotation temperature, 
observations of each “‘ experimental’’ float and of the fixed points being taken successively 
on rising and falling temperature scales. The first measurement on a given sample was con- 
sistently lower than the succeeding measurements by ca. 0-01°; this is attributed to solution 
of impurities from the glass vessel by the freshly distilled sample. At present, the difficulty 
of cleaning the apparatus to a degree of purity commensurate with that of the sample seems to 
place a limit on the accuracy of the method (see above). The effect seemed to be quite constant, 
however, and the results are probably comparable, and certainly reproducible, to limits much 
less than this error would indicate at first sight; in effect, the results are really comparative 
densities of samples of water containing the same small limiting amount of impurity. It is 
hoped to eliminate this difficulty in the further development of the method. 

Two typical series of readings are shown in the following table, where bracketed figures 
represent a single determination of flotation temperature. 
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Sample. Fixed points. 
Tap-water. 

1. 2. 
27°417° 27°449° 
27°423 27°450 
27°423 27°453 
27°424 27°452 


Mean. 1. 2. Mean. 
27°433° 27°645° 28°333° } 27°989° 
27°4365 27°645 28°333 27°989 
27°438 27°645 28-332 \ 27°9885 
27°438 27°645 28°332 J 27°9885 
Mean 


— 0°556° 
— 0°5525 
— 0°5505 
— 0°5505 
— 0°552 
Crotonic acid solvent. 
28°797 28°830 
28°805 28°830 
28°804 28°832 
28°805 28°832 


0°822 
0°8255 
0°826 
0°826 
Mean 0°825 


27°9915 
27°992 
27°992 
27°9925 


28°335 
28°336 
25 330 
28°336 


28°8135 
28°8175 
28°818 

28°8185 


27°648 
27°648 
27°649 


27°648 


The results of the flotation-temperature measurements are summarised below; the tap-water 
and original solvent measurements were interspersed with the other determinations and 
therefore serve as a check on the relative accuracy of the results. The figures in parentheses 
indicate the number of times the relevant samples had been subjected to the purification 
process. Results marked with an asterisk relate to samples in which stage (c) (see p. 1738) 
had been omitted in the purification immediately prior to measurement; these results are 
substantially higher than the others and are not included in the final mean values. AT indicates 
flotation temperatures relative to London tap-water, which is taken as the standard of normal 
isotopic composition, and T represents the temperatures corrected relative to the sodium 
sulphate transition point. 


Butyric acid. 





“ Combustion 
water. 

(1) — 0-648° 

(2) — 0546 


Sample Original 
solvent. 

(1) 0°858° 

(2) 0°863 


Solvent. 
(1) 0°835° 
(2) 0°837 


Tap-water. 
(1) — 0°552° 


Mean flotation (1) — 0°554 


temps. relative 
to mean fixed 


(2) — 0-552 
(4) — 0-550 
(3) — 0°546* 
(1) — 0°534* 


(3) 0°858 
(4) 0°858 
(1) 0-871* 


— 0°547 


0°859 
1-411 
28°467 


Crotonic acid. 


| Combustion 
Solvent. water. 
(1) 0-826° (1) — 0°546° 
(1) 0-825 
(1) 0-830 
0°827 


0-005 
27-061 


Vinylacetic acid. 





Fm 


Solvent. 
(1) 0°821° 
(1) 0°819 
(2) 0°820 

0°820 
1:372 
28-428 


. bo 
Combustion 
water. 


Mean flotation temps. if (1) —0°293° 


— 0°293 
0°259 
27°315 


— 0°546 
1-379 0°006 
28°435 27:062 


It is evident that the results are reproducible to within + 0-003°, corresponding to an accuracy 
in the density values of less than + 1 x 10. For this reason it has been considered unnecessary 
to duplicate measurements on a single sample in the case of the last two “‘ combustion waters.” 

Calculation of Densities and Mol.-fractions of Deuterium Oxide.—In calculating the so-called 
‘‘ mol.-fractions ’’ of deuterium oxide, it must be remembered that the quantities considered 
are mols. of pure deuterium oxide (or atoms of deuterium) and mols. of water (or atoms of hydro- 
gen) of normal isotopic composition. Any other treatment is not possible in the absence of 
the necessary physical data on pure “‘ light water,’’ and it is evident that this approximation 
cannot have any appreciable significance. 

The various interpolation equations which have been used in the calculations are as follows : 

(a) Densities of normal water (in g. per ml.) at various temperatures were taken from the 
International Critical Tables. Over the temperature range 26—30°, the equation 
dt = 0-9968128 — 0-0002662AT — 0-0000452(AT)?, where AT = T — 26°, was found to 
apply within 1 x 10-’. 

(b) Densities of deuterium oxide: Lewis and Macdonald’s values of Ad,. (J. Amer. Chem. 
Soc., 1933, 55, 3057) approximate to a parabolic curve when plotted against temperature, 





1742 Isotopic Exchange Reactions of Organic Compounds. Part I. 


between 10° and 40°. Over the experimental range of temperature (27—28-5°) the equation 
Ad,. = 0-105256 + 0-000199T — 0-00000397? was used and probably represents the difference 
in the densities of light and heavy water with sufficient accuracy. 

(c) Mol.-fractions of deuterium oxide: it has been shown that the density-composition 
relationship of deuterium oxide and water is not strictly linear. Luten (Physical Rev., 1934, 
45, 161) gives 423 = 0-9970 + 0-1078% — 0-0012(1 — x) or Ad? = 0-1078% — 0-0012(1 — x), 
where ¥ = mol.-fraction of deuterium oxide. For temperatures other than 25°, Ad,. for pure 
deuterium oxide has been obtained from equation (b), and the factor 0-0012, giving the departure 
from linearity, has been assumed constant. 

Allowance has been made for the alteration in the density of the floats over the temperature 
range of the determinations, the coefficient of cubical expansion of ‘‘ Vitreosil ’’ being taken as 
162 x 10-* per degree. 

Densities of the volumetric solutions used in the equilibration experiments were interpolated 
from data given in the International Critical Tables, allowance being made for the heavy water 
content, and were used in calculating the theoretical results. 

The final results are expressed below in the form of balance sheets of deuterium oxide 
(see p. 1735); theoretical and experimental mol.-fractions of deuterium oxide and density 
differences are also shown. 

Original Final Combustion Total Error, 
solvent. solvent. water. D,O. %. 
Butyric acid. 
Ady x 10° 389°3 14 
Mol.-fraction D,O x 10° 3°714 3°653 0°013 
D,O, g. 0°6533 0°6542 0-0001 0°6543 + 0°15 


Crotonic acid. 
Ad, x 10° 395°8 386°7 1 
Mol.-fraction D,O x 10° 3°714 3°629 0-015 
D,O, g. 0°8704 0°8658 00002 0°8660 — 0°51 
Vinylacetic acid. 
Ady x 10° 384°7 714 
Mol.-fraction D,O x 10° 3°714 3°610 0°670 
0°8704 0°8613 0:0068 0°8681 — 0°26 


It is evident that in further work attention should be paid to the quantitative separation 
of, and recovery of water from, the components of the final equilibrated system, rather than to 
the density determinations. The slight ‘‘ heaviness ’’’ of the butyric and crotonic acid ‘* com- 
bustion waters’ may be due to the original acids not being of normal isotopic composition, 
but is more probably connected either with firmly adsorbed solvent or with the incomplete 
yield in the large-scale combustion experiments. The hydrolysis of the sodium salts may also 
have some bearing on this point. The similarity of the two cases makes it unlikely that the 
effect in the case of crotonic acid is due to incipient interchange, but a definite decision on this 
point must await more accurate treatment. The decrease in the densities and mol.-fractions 
of deuterium oxide shown by the solvents from butyric and crotonic acids is, of course, due to 
the normal water produced by neutralisation. 


SUMMARY. 


The “‘ equilibration” of vinylacetic and crotonic acids in the presence of 1-05 mols. 
of sodium hydroxide in dilute “ heavy water” at 100° has been studied; as a check, 
the behaviour of butyric acid under the same conditions has also been examined. A 
method of isotopic analysis depending on density determinations accurate to one part per 
million, applicable to small samples of water and involving no loss, is described. 

The experimental results show that, although there is no detectable interchange with 
butyric and crotonic acids, substantial interchange occurs in the case of vinylacetic acid ; 
on the basis of the necessarily tentative assumption that no isotopic discrimination occurs, 
the results indicate that one of the propene hydrogen atoms of vinylacetic acid undergoes 
isotopic interchange with the solvent. It is concluded that purely intramolecular 
mechanisms for this type of three-carbon tautomerism are unacceptable. 


BIRKBECK COLLEGE, Lonpon, E.C. 4. 
IMPERIAL COLLEGE, Lonpon, S.W. 7. [Received, September 9th, 1935.] 
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By G. R. Cremo, W. McG. Morcan, and R. RAPER. 


In J., 1931, 437, 3190, we reported the preparation of norlupinane (A) by the elimination 
of carbon dioxide from lupininic acid, and, on the basis of Karrer’s formula for lupinine 
(Helv. Chim. Acta, 1928, 11, 1062), this should have the structure (II). Our first synthesis 


CH. 

H,°CO,Et 3 
Ors Et pi 2 CO Chu CH, 
N\cu, Saad Jia 


(I.) (II.) (III.) cht, Br 


(J., 1931, 437), depending on the ring closure of (I) by the Dieckmann method, led to an 
isomeric base (B), but a later method (J., 1932, 2959), involving cyclisation of (III), led to 
(A). The suggestion was made that (A) and (B) might be stereoisomerides of the cts- 
and trans-decalin type. This view is strengthened by the fact that Clemo and Ramage 
(J., 1932, 2969) showed that octahydropyrrocoline (IV) occurs in two forms; further, 
(II) should give cis- and trans-methiodides. The fact that (A) and (B) each give one only 
supports the above view. In the preparation of (III), however, a Bouveault reduction was 
used, and there is a possibility that this reaction might have caused ring crumpling, re- 
sulting in (A) being (V), which could, like (II), give 1-methyl-2-n-butylpiperidine (C) 


WR 


(IV.) (V.) p+ ) 


among the products resulting from its Hofmann degradation and subsequent reduction 
(J., 1932, 2959). If (A) is (V), however, it is difficult to see why (B) also does not give 
(C) on this treatment; instead, it gives two other isomeric bases, (D) and (E), which are 
also obtained from (A). Further work on (E) (loc. cit.) suggests it is 1-methyleycloazadecane 
(VI). (D) wasnever obtained in sufficient quantity to enable its structure to be investigated, 
but, judging from a study of models, (VI) may well exist in more than one stereoisomeric 
form, the extremely tight packing of the atoms preventing the free rotations necessary 
for their interconversion, and the stresses introduced by thermal agitation resulting in the 
isomerisation to an open-chain base when the methochloride is distilled (compare Ruzicka, 
Chem. and Ind., 1935, 54, 2). 

It was clearly desirable to synthesise (A) by a method not involving the use of the sodium 
and alcohol reduction common to the synthesis referred to above and that of Winterfeld 
and Holschneider (Annalen, 1932, 499, 109). This has now been accomplished by reducing 
the quaternary salt formed from ethyl pyridyl-2-8-propionate and ethyl bromoacetate to 
ethyl piperidyl-1-acetate-2-B-propionate (VII), performing the Dieckmann ring closure on 
this, and reducing the resulting 3-keto-octahydropyridocoline by the Clemmensen method. 
The resulting base gave a picrate and picrolonate identical with the corresponding deriv- 
atives of norlupinane obtained from lupinine. The yield of the ring closure was much less 
than in the case of the analogous reaction leading to the formation of (B), and there are 
indications that some of this compound is also produced, since several recrystallisations of 
the derivatives are necessary before the melting points attain constant values. 


‘ H,-CO,Et ( eer 
(VII.) H,°CH,°CO,Et 6; -CHMe-CO,Et 537 ~ + 0 


HMe 
CH,°CO,Et (VIII.) (IX.) 


Structure (V) should, if the above views are correct, occur in four stereoisomeric forms, 
and we have been able to prepare one of them. Ethyl pyridyl-2-acetate is reduced to the 
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piperidyl ester. This can be condensed with ethyl «-bromopropionate, giving ethyl 
piperidyl-2-acetate-1-«-propionate (VIII). The Dieckmann ring closure of this gave an 
excellent yield of 3-keto-2-methyloctahydropyrrocoline (IX), but attempts to reduce this by 
the Clemmensen method ended at the 3-hydroxy stage; the Wolff reduction, however 
(Annalen, 1912, 394, 86), gives 2-methyloctahydropyrrocoline (V). Its crystalline derivatives 
differ from those of either of the forms of octahydropyridocoline, and the base itself is 
more stable, showing no sign of decoloration after several days. 


EXPERIMENTAL. 


Ethyl pyridyl-2-8-propionate, obtained by stirring a glacial acetic acid solution of ethyl 
pyridylacrylate (5 g.) and palladised charcoal (0-2 g.) in an atmosphere of hydrogen, boiled at 
95°/1 mm. (Found: C, 66-5; H, 7-2. C,,H,,;0,N requires C, 67-0; H, 7-3%), and formed a 
picrolonate, m. p. 141° (Found: C, 54-2; H, 4-85; N, 15-6. C,)9H,,;0,N,C,,H,O,;N, requires 
C, 54-2; H, 4:7; N, 15-8%), and a picrate, large, yellow, lozenge-shaped prisms, m. p. 84° 
(Found: C, 47-35; H, 4-3. C,)9H,,0,N,C,H,O,N, requires C, 47-1; H, 3-9%). 

Ethyl pyridinium-1-acetate-2-8-propionate bromide was formed by refluxing the above ester 
(5 g.) and ethyl bromoacetate (5 g.) in acetone (25 c.c.) for 6 hours. It formed colourless plates 
(5 g., m. p. 159°) from acetone containing a little alcohol (Found: C, 48-1, 48-8; H, 6-0, 
6-2. C,,H,,O,NBr requires C, 48-5; H, 5-8%). 

Ethyl Piperidyl-1-acetate-2-8-propionate.—The quaternary bromide (10 g.) in water (60 c.c.) 
and glacial acetic acid (10 c.c.) was shaken with platinum oxide (0-1 g.) in hydrogen at 100 Ib. /sq. 
in. for 18 hours. After filtration and removal of solvents the residue was basified (potassium 
carbonate) and extracted with ether. On fractionation the ester was obtained as a colourless 
oil (6 g., b. p. 138—140°/1 mm.) (Found: C, 62-1; H, 9-4. C,,H,;0,N requires C, 62-1; 
H, 9-2%). 

3-Keto-octahydropyridocoline.—The reduced ester (5 g.) was added in small portions to potas- 
sium (1-4 g.) powdered under toluene (15 c.c.). After 2 hours’ heating on the water-bath, 
alcohol was added to dissolve unused potassium, then water (10 c.c.) and concentrated hydro- 
chloric acid (40 c.c.), the whole was refluxed for 18 hours and evaporated to dryness, and the 
residue basified (50% potassium hydroxide solution) ; the keto-compound, extracted with ether, 
was a colourless oil (0-6 g., b. p. 74—76°/1 mm.) (Found : C, 70-2, 70-8; H, 9-7, 10-2. C,H,,ON 
requires C, 70-6; H, 9-8%). The picrate formed yellow needles, m. p. 185°, very soluble in 
alcohol (Found: C, 47-4; H, 5-2. C,H,,ON,C,H,O,N; requires C, 47-1; H, 47%). 

Norlupinane (Octahydropyridocoline A).—The ketone (1-3 g.) in concentrated hydrochloric 
acid (25 c.c.) was refluxed for 18 hours with amalgamated zinc (15 g.). From the product, 
worked up in the usual way, norlupinane (0-5 g., b. p. 74—76°/14 mm.) was obtained (Found : 
N, 10-2. Calc. for C,H,,N: N, 10-1%). The picrate melted at 194° alone or mixed with a 
specimen obtained from the alkaloid (Found: C, 48-9; H, 5-4. Calc. for C,H,,N,C,H,O,N; : 
C, 48-9; H, 5-4%), and the picrolonate at 245° alone or mixed with a specimen from the same 
source (Found: C, 56-6; H, 5-7. Calc. for C,H,,N,C,,H,O;N,: C, 56-6; H, 6-2%). 

Ethyl pyridyl-2-acetate, prepared in the same way as the methyl ester (Oparina, Chem. Zenir., 
1935, I, 2536), was a pale greenish-yellow oil, b. p. 134—135°/21 mm. (Found: C, 65-6; H, 
6-75. C,H,,O,N requires C, 65-4; H, 6-7%). The picrate formed yellow acicular prisms with 
oblique ends, m. p. 136—137° (Found : C, 46-1; H, 3-6. C,H,,O,N,C,H,O,N, requires C, 45-7; 
H, 3-5%). 

Ethyl Piperidyl-2-acetate.—The pyridyl ester (5 g.) in glacial acetic acid (15 c.c.) was shaken 
for 12 hours with platinum oxide (0-1 g.) in hydrogen at 100 Ib./sq. in., and the acid removed 
under reduced pressure. After basification (potassium hydroxide and solid potassium carbonate) 
the ester was extracted with ether and distilled (3-8 g., b. p. 105°/14 mm.) (Found: C, 63-0; 
H, 9-8. C,H,,O,N requires C, 63-2; H, 9-9%). The picrate formed clusters of square-ended 
prisms, m. p. 125° (Found: C, 45-3; H, 5-3. C,H,,0O,N,C,H,O,N, requires C, 45-0; H, 5-0%). 
In some cases a deliquescent solid, m. p. 68°, was obtained along wigh the ester: this has not 
yet been investigated (Found: C, 57-4; H, 9-2%). 

Ethyl piperidyl-2-acetate-|-a-propionate was formed by heating ethyl piperidyl-2-acetate 
(3 g.), ethyl «-bromopropionate (3-4 g.), and potassium carbonate (6 g.) in a sealed tube in the 
water-bath for 18 hours. Water was added, and the oil taken up in ether, dried, and distilled 
(2-5 g., b. p. 135—140°/1 mm.) (Found: C, 62-0; H, 9-3. C,,H,,;0,N requires C, 62-0; H, 
9-2%). 
3-Keto-2-methyloctahydropyrrocoline.—The ethyl ester (5 g.) was added to potassium (2 g.) 
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powdered under toluene (15 c.c.). After the first vigorous reaction had abated, the whole was 
heated for 4 hours on the water-bath, alcohol added to dissolve unused potassium, then water 
(10 c.c.) and concentrated hydrochloric acid (50 c.c.), and the solution heated for 18 hours on 
the water-bath. After evaporation to dryness, excess of potassium hydroxide solution (50%) 
was added, and the ketone extracted and distilled (1-9 g., b. p. 67—69°/1 mm.) (Found: C, 70-4; 
H, 9-7. C,H,,ON requires C, 70-6; H, 9-8%). The picrate formed yellow prisms, m. p. 162° 
(Found: C, 47-1; H, 4:9. C,H,,ON,C,H,O,N, requires C, 47-1; H, 4-7%). 

3-Hydroxy-2-methyloctahydropyrrocoline.—The ketone (0-3 g.) was boiled with amalgamated 
zinc wool (3 g.) and concentrated hydrochloric acid (5 c.c.) for 18 hours, the liquid evaporated, 
fresh amalgamated zinc wool (3 g.) and fuming hydrochloric acid (5 c.c.) added, and the boiling 
continued for 24 hours. After evaporation to dryness and basification (50% potassium 
hydroxide solution), 0-15 g. of oil was obtained, b. p. 100—105°/16 mm. (Found: C, 69-7; 
H, 11-3; N, 9-2. C,H,,ON requires C, 69-7; H, 11-0; N, 9-0%). The picrate formed narrow 
elongated plates with one oblique end, m. p. 159°, depressed to 140° by admixture with the picrate 
of the above ketone (Found : C, 47-2; H, 5-5. C,H,,ON,C,H,O,N; requires C, 46-9; H, 5-2%), 
and the picrolonate, orange-yellow prisms, m. p. 181° (Found: C, 544; H, 61. 
C,H,,ON,C,,H,O;N, requires C, 54-4; H, 6-0%). 

2-Methyloctahydropyrrocoline.—The ketone (1-5 g.) and hydrazine hydrate (0-7 g., 95%) 
were refluxed for 8 hours, the hydrazone dried in ethereal solution with potassium carbonate, 
and the ether removed. The residue (1-2 g.) was heated at 160—170° for 16 hours in a sealed 
tube with sodium (0-8 g.) dissolved in alcohol (10 c.c.). After addition of water (10 c.c.), 
acidification (hydrochloric acid), evaporation to dryness, and basification (50% potassium 
hydroxide solution), the base was extracted with ether and distilled (0-42 g., b. p. 32—35°/1 mm.) 
(Found: C, 78-1; H, 12-3. C,H,,N requires C, 77-7; H, 12-2%). The picrate formed yellow 
dendritic clusters, m. p. 197°, depressed to 194°, after considerable softening, by admixture 
with norlupinane picrate of m. p. 195°, and to 191° in another experiment (Found: C, 49-0; 
H, 5-5. C,H,,N,C,H,O,N, requires C, 48-9; H, 5-4%). The picrolonate formed light brown 
prisms, m. p. 208° (Found: C, 56-75; H, 6-2. C,H,,N,C,)H,O,;N, requires C, 56-6; H, 6-2%). 


Our thanks are due to the Royal Society for a grant and to the Department of Scientific and 
Industrial Research for a maintenance grant (to W. McG. M.). 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 5 
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By W. J. C. DYKE and Harotp KING. 


WHEN 3 : 3’-diamino-4 : 4’-dihydroxyarsenobenzene (I) as dihydrochloride is treated with 
formaldehyde, followed after an interval by sodium hydrogen sulphite, sulpharsphenamine 
is formed (Voegtlin, Johnson, and Dyer, U.S. Pub. Health Rep., 1922, 37, 2783 ; Christiansen, 
J. Amer. Chem. Soc., 1923, 45, 2184), the constitution of commercial preparations of which 
has been shown (Dyke and King, this vol., p. 805) to be that of an NNN’-trimethylene- 
sulphite of 3 : 3’-diamino-4 : 4’-dihydroxyarsenobenzene (II). If, however, the base (I) 


r nee eis NH-CH,’SO,Na 


NH, 
aa S0H CHOH)SO.Ne “ax DoH "NaHisoe AsC OH 
| 7 J2 | 


(III.) | (II.) 
2HCl me OH 

oo CH,O + NaHSO, ee H,-SO,Na 

H,’SO,Na 
is condensed at 60° with 4 molecular proportions of preformed sodium formaldehyde- 
bisulphite, only an NN’-dimethylenesulphite (III) is formed. Such a product can, how- 
ever, be converted into a typical sulpharsphenamine (II) by the action of formaldehyde 
and sodium hydrogen sulphite in succession. The contrast in properties between (II) 


and (III) is striking, for whereas (III) in 33% aqueous solutions gives an immediate pre- 
cipitate (see J., 1933, 1007) with 10% hydrochloric acid, no change is observed with (II). 
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Furthermore, the whole of the sulphur found as sulphate by oxidation of (III) with alkaline 
iodine (Elvove’s method) is the same as that found by distillation with acid, but in the 
case of (II) only a fraction of the sulphur found by the distillation method can be estimated 
by Elvove’s method. The results are in fact an interesting amplification of our views on 
the constitution of sulpharsphenamine. 

A similar series of reactions can be carried through with crystalline substances. It 
has already been shown that when 4-nitro-2-aminophenol (IV) is condensed with sodium 
formaldehydebisulphite, the mono-N-methylenesulphite (V) is formed (Dyke and King, 
loc. cit.). If this product is treated with formaldehyde, followed after an interval by sodium 
hydrogen sulphite, disodium 5-nitro-2-hydroxyanilino-NN-dimethylenesulphite (VI) is 
produced and is readily isolated as its highly characteristic trisodium salt containing methyl 
alcohol of crystallisation. This dimethylenesulphite (VI) is identical with the product 
obtained by the action of formaldehyde and sodium hydrogen sulphite in succession on 
4-nitro-2-aminophenol in hydrochloric acid solution. 

HCl 


| CH,O + NaHSO, 
CH,°SO,.Na 
NH, NH-CH,°SO,Na N H,-SO,N % 


O 5» OH , OH 
*C ho, CH,(OH)-SO,Na Co, CH,O + NaHSO, Ono, 


(IV.) (V.) (VI.) 








EXPERIMENTAL. 

Disodium 3: 3’-Diamino-4: 4’-dihydroxyarsenobenzene-NN’-dimethylenesulphite (III).— 
Salvarsan base (3-66 g.: As, 38-0; Elvove S, 0-3; H,O, 46%), suspended in water (20 c.c.) 
containing sodium formaldehydebisulphite (5-63 g.; 4 mols.) and stirred at 60° in an atmosphere 
of carbon dioxide, was completely in solution after 8 minutes. The solution was kept at 60° 
for 35 minutes, cooled, and poured in a thin stream into absolute ethyl alcohol (450 c.c.). The 
yellow precipitate was quickly collected, washed with alcohol, and dried in a high vacuum; 
yield, 6-64 g. (Found: As, 18-5; volatile S, 10-2; Elvove S, 9-7; CH,O, 8-9%, whence 
As : vol. S: Elv.S: CH,O = 1: 1-3: 1-2: 1-2). 

Sulpharsphenamine (I1).—A portion of the above product (2-5 g.), dissolved in water (25 c.c.) 
and stirred rapidly in an atmosphere of carbon dioxide, was treated with formalin (0-7 c.c., 
40%; 3 mols.) for 2 minutes and then with a concentrated sodium hydrogen sulphite solution 
freshly made by saturating an aqueous suspension of sodium hydrogen carbonate (0-8 g.; 
3 mols.) in water (5 c.c.) with sulphur dioxide. The yellow solution became intensely orange 
on addition of the sulphite and then gradually recovered its yellow colour.. After 10 minutes 
the solution was poured in a thin stream into absolute ethyl alcohol (200 c.c.); yield, 2-6 g. 
(Found: As, 16-9; vol. S, 14-8; Elv.S, 3-8; CH,O, 12-2%, whence As: vol.S: Elv.S : CH,O = 
1: 2-0: 0-5: 1-8). The significant feature is the fall of Elvove S from 1-2 atoms in the initial 
material to 0-5 atom in the final product, although the volatile sulphur has increased from 1-3 
atoms to 2-0 atoms. This product gives the striking colour reactions previously described for 
sulpharsphenamine (Dyke and King, Joc. cit.). Another preparation under somewhat similar 
conditions gave the following results (Found : As, 19-8; vol. S, 12-2; Elv.S, 4-8; CH,O, 11-1%, 
whence As: vol. S: Elv. S: CH,O = 1: 1-4: 0-5: 1-4); to determine the minimum degree of 
substitution the preparation (2 g. in 6 c.c. of water) was precipitated by addition to glacial 
acetic acid (40 c.c.). This process removes uncombined salts (Found: As, 19-2; vol. S, 10-7; 
Elv. S, 3-6; CH,O, 10-2%, whence As: vol. S: Elv. S: CH,O = 1: 1-3: 0-45: 1-3). 

In the preparation of sulpharsphenamine by this new process it is not essential to isolate 
the intermediate NN’-dimethylenesulphite (III), for when salvarsan base (3-66 g.) was condensed 
with sodium formaldehydebisulphite (2 mols.) in 15 c.c. of water at 60° for 20 minutes, and the 
mixture cooled to room temperature, diluted with water (45 c.c.), and treated with formalin 
(2-25 c.c., 40%; 3 mols.) for 1 minute and then with sodium hydrogen sulphite solution (8-44 
c.c., 37% ; 3 mols.), a typical sulpharsphenamine was produced ; yield 7 g., _6 (Found: As, 19-2; 
vol. S, 12-6; Elv. S, 4-6; CH,O, 11-2%, whence As: vol. S: Elv. S:CH,O = 1: 1-55: 0-5: 1-5). 

5-Nitro-2-hydroxyanilino-NN-dimethylenesulphite (V1)—The mono-N-methylenesulphite of 
4-nitro-2-aminophenol (1-5 g.) in water (5 c.c.) was treated at room temperature with formalin 
(0-8 c.c., 40% ; 2 mols.) for 2 minutes and then with sodium hydrogen sulphite solution (3 c.c., 
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37%; 2mols.). Free sulphur dioxide was pumped off and the solution after neutralisation to 
litmus was treated with sodium hydroxide solution (0-4 c.c., 50%; 1 mol.). Slightly more 
than an equal volume of methyl alcohol was then added, causing the separation of a crude 
salt containing some sulphate. After solution in warm water and addition of warm methyl 
alcohol a fine crystalline precipitate was obtained of the characteristic salt, trisodium 5-nitro- 
2-hydroxyanilino-N N-dimethylenesulphite, free from inorganic impurities (Found: vol. S, 
13-2; CH,O, 11-5; Na, 14-2. Calc.: vol. S, 13-0; CH,O, 12-2; Na, 140%). 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, LONDON, N.W. 3. [Received, October 17th, 1935.] 





411. Relation between Molecular Orientation Polarisation of 
Substances in the Liquid, Dissolved, and Gaseous States. 


By (Mrs.) CATHERINE G. LE FEVRE and Raymonp J. W. LE FEvVRE. 


ONE of us recently suggested (this vol., p. 773) that the relation 9P/ oP. = K(e, + 
2)/(e; + 2) held between the orientation polarisations (,.P, and oP.) developed by a mole- 
cule when surrounded by media of dielectric constants e, and ¢, respectively. With the 
aid of some new measurements now recorded and data collected from the literature we have 
examined its application to (a) 30 pairs of solutions, (b) 38 solutions and the solutes in the 
vapour state, (c) 58 solutions and the (liquid) solutes in bulk, and (d) 27 substances in the 
pure liquid and gaseous conditions. Only for class (a) is K found to be ca. unity; it is 
larger than 1-5 in 10 cases in class (0), in 24 cases in class (c), and in 15 cases in class (d). 
It is thus obvious that the rule as stated above has no general applicability. 

Discussion.—Throughout comparisons (0), (c), and (d) the most striking of the substances 
for which K is large are water, phenol, chloroform, ether, hydrogen cyanide, and certain 
alcohols, esters, and amines (see tables, p. 1750). In some of the instances the results 
may be attributed to association in the liquid state, for it is evident that a large K will 
result when the orientation polarisation in the medium of higher dielectric constant is not 
reduced sufficiently relatively to the value which this factor has in the medium of lower ¢; 
as pointed out by Bury and Jenkins (J., 1934, 688), an increase of total polarisation—and 
therefore, if the distortion polarisation is independent of the state (liquid, dissolved, or 
gaseous), a parallel exaltation of gP—could be caused by association. Water, the alcohols, 
and phenol are strongly associated (Sidgwick, “‘ Electronic Theory of Valency,’’ Oxford, 
1927, p. 134; Martin and Collie, J., 1932, 2658; Martin, Trans. Faraday Soc., 1934, 30, 
759; Bernal and Fowler, J. Chem. Physics, 1933, 1, 515; Hennings, Z. phystkal. Chem., 
1935, B, 28, 267), and accordingly an explanation is available for these compounds. It 
is also possible that the high value of K for certain esters is due to the use of calculated 
values of oP,,),, which, owing to the intramolecular rotation of dipolar groups, may be 
smaller than the true figures for the temperature at which comparison is made. 

There remain several substances for which the orientation polarisation in the liquid or 
the dissolved state is of the same order as, or even greater than, that in the vapour, in 
contradiction to the general belief that polarisation and moment of a compound are always 
higher in the gaseous form than in solution. Such behaviour can be qualitatively under- 
stood when the mutual influences of the molecules involved are considered in conjunction 
with their shapes. Molecules may be roughly divided into two classes: A, where the 
principle moment lies along, and B, where it is at 90° to, the axis of maximum polarisability, 
which is in general the longest axis. Such molecules are taken broadly as prolate and 
oblate spheroids respectively. In the liquid state, under the influence of intermolecular 
attractive forces, the molecules may tend to form aggregates having a certain structure 
(phenomenon of cybotaxis; Stewart, Physical Rev., 1930, 35, 291, 726). Because, in the 
formation of these complexes, dipolar are outweighed by van der Waals forces (as in 1so- 
pentane and ethyl ether; idem, ibid.), such cybotactic units will in the first case contain 
either or both of the arrangements shown in A, or A,—the more stable disposition being 
that in which the maximum number of atoms are in contact. Type B cannot be imagined 
as aggregating except in the manner shown. A unit such as A, will be effectively almost 
non-polar ; in addition, as we proceed from a gas at low pressure to a pure liquid, intermole- 
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cular distance diminishes and mutual induction of dipoles therefore becomes stronger. Thus 


the net effect should be, since » oc / oP, that molecules of type A should show a diminished, 
and molecules of type B an increased, orientation polar- 


isation in the liquid state compared with the gaseous. 
CHD (By similar reasoning, the different effects of solvent 
Ct> molecules of typé A or B on a solute of either kind at 


infinite dilution can be predicted : a solvent of type A 

will be more effective in apparently reducing the orient- 

ation polarisation of a solute of its own type than in 
apparently increasing the corresponding polarisation of one of type B; again, a solvent of 
type B will cause smaller diminution of polarisation of an A-type solute than it will an 
increase of polarisation of a solute of the second kind.) 

It is therefore evident that the correct expression for the ratio 9Pyq. loP eas will not be 
simply 1 — (ec — 1)/(¢ + 2), as required by the formula previously given, but rather 
1 — (c — 1)/(e + 2)f, where / may be positive or negative and will relate to the geometry 
and polarisability of the molecules under consideration. 

The following is an attempt to evaluate f. On the assumptions that the molecules of a 
fluid are optically and electrically anisotropic, and that the polarisation field acting on a 
molecule in a dense fluid varies with its orientation relatively to the external field, Raman 
and Krishnan (Proc. Roy. Soc., 1927, A, 117, 589) have deduced the volume polarisation of 
a substance as 

e—1l_  _[4ra, + a + a 1 v f4rp2 e—1 
sacle tthe s3°lt+arlS +2540] 


Rewriting this to apply to the total molecular eerteg of a liquid, we have 


e—1 M _ 4nN a, +4,+ a 4nu2? e—l1 ] 
er Ww Mae SSNs AL: Fae + aris o43" 

in which M is the molecular weight, d the Paved and N Avogadro’s number. Now 
Miiller’s experiments (Physikal. Z., 1933, 34, 689) have shown that for a given substance in 
solution the orientation polarisation alone appears to be measurably affected by the nature 
of the medium; changes in the total polarisation consequent upon changes in the state of 
aggregation can therefore be related to changes in the ,P factor; if this be taken as the 
difference between the total polarisation and the molecular refractivity, we have 


_fe—1_ #p*—1 M]_ N [4my*  c—1 
oP = [55 es glare tia] 


Division throughout by the true oP (i.¢., the oPy4, = 4nNyu?/9kT) gives the desired relation 
oP rig./oP eas = 1 + 3O(e — 1)/(e + 2)4np? 

For solutions, where /, and f, are the mol.-fractions of the solute and solvent respectively 

and other symbols are as before 


l 2_ 1)M + M. 
oP if; + oP af, = [Es - I + ofa _ 


ser i { +25. 0,} + fa{“3e +2= 5.04} ] 


but at infinite dilution (when /; = 0) oP, is given by an expression similar to that for the 
pure liquid except that ¢ is now the D.C. of the solvent. The ratio of the two oP values is 
therefore of the same form. 

Two points of interest arise from this result. 

(1) The sign of © is opposite to that of the Kerr constant, which for the majority 
(class A) of compounds is positive (Briegleb and Wolf, Fortschr. Chem., 1931, 21, Pt. 3). 
As a consequence, @ is negative and the ratio oP\q./oP,., therefore fractional. For such 
cases the observed polarisations for solution or for liquid are less than those for vapour— 
a relative order of magnitude which has been realised experimentally by several workers 
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who have thus been led to conclude that it is general. On the basis of the expression 1ow 
proposed, there should exist a minority of compounds which should exhibit larger polaris- 
ations in the dissolved or liquid than in the gaseous condition; such substances should be those 
having negative Kerr constants (7.e., shape of type B) and therefore positive © values. 
Relevant evidence is sparse, but it is significant that, among the available results, chloro- 
form, ether, and certain amines display the predicted variations of polarisation. The first 
is a particularly satisfactory example in this connexion because, not only has its dielectric 
constant in the liquid state been carefully determined at the ordinary temperature (Ball, 
J., 1930, 570), so that its apparent orientation polarisation at this temperature can be 
calculated with certainty, but also its Kerr constant B (ca. — 3 x 10°’) is one of the largest 
negative values listed by Briegleb and Wolf (loc. cit.). It will be noted that its 9P in the 
liquid (bulk) state is 23-7 c.c., in contrast to the highest recorded value in the vapour state 
(from the measurements of Sircar, Indian J]. Physics, 1928, 3, 197) which is only 22:8 c.c. 
The results of Sanger (Phystkal. Z., 1926, 27, 556) would indicate an even greater disparity 
in the same direction. The contrast with substances of class A, ¢.g., ethyl bromide or 
chlorobenzene (oPiq./oP yap. = 37/91 and 31/59 respectively) is unmistakable. Bromo- 
form also has a negative a constant and should, in the present respect, duplicate the 
behaviour of chloroform, but the one (unconfirmed) determination in the gas phase (Braun- 
miihl, 2bid., 1927, 28, 141) is much too high for this to be true. We note, however, (a) that 
in the dipole-moment measurements made on solutions of chloroform, bromoform, and 
iodoform (see Trans. Faraday Soc., 1934, Appendix, for references) the results for the second 
compound lie between those for the first and the third, so that by analogy there should not be 
the great difference reported in the vapour data; and (d) that the total polarisation of 
bromoform as a pure liquid (ca. 47 c.c., see p. 1750) is of the same order as the polarisation 
(48—51 c.c.) found by other workers for infinitely dilute solutions in carbon disulphide, 
benzene, etc. 

(2) In many cases © can be considered as of the order — 4xu?/3; substitution for © in 
the above equation then gives oPiiq./oPeas = 1 + (1 — €)/(e + 2) = 3/(e + 2), which 
is identical with the purely empirical result discussed and illustrated previously, and from 
which (by relation through the 9P,,,) the expression set out at the beginning of this paper 
is at once derivable. The degree of correctness of this simplification for some of the applic- 
ations made in the present inquiry can vary from case to case; calculations from the 
collected data have shown that by no means in all instances does the ratio between the 
experimental values of @ and 4xu?/3 approach —1. Goss (J., 1934, 697) states that this 
equality “ is unlikely, and has not so far been found to exist except where » = 0; indeed it is 
evident that at the critical point © vanishes, while » retains its usual value.” Thus, one 
obvious deficiency underlying the empirical rule is evident. 

Data.—In the following tables are given the data for the compounds discussed above, 
figures for a few other cases having been included for comparison. Because the empirical 
rule was under test, we have shown values for )P, but since these have been taken through- 
out as the difference between total polarisation and the molecular refractivity for sodium 
light, the data now collected serve to illustrate how two definite types of molecules exist, 
in one of which the total polarisation in the pure state is of the same order as, and in the 
other of which it is considerably less than, the total polarisation in the infinitely dilute 
(non-polar solvents) and/or gaseous states. 

In the preparation of the tables, a difficulty lay in the fact that most dielectric-constant 
measurements on substances as vapours have been carried out at temperatures considerably 
above those at which the available related observations for the liquid or dissolved states 
have been made. In the previous paper jP data for four substances were extrapolated 
graphically back to room temperature for comparison with results on solutions. These 
extrapolations were inaccurate, and we have therefore thought it better to calculate the 9P 
at the lower temperatures from the recorded dipole moment—deduced in most cases from 
the temperature dependence of the polarisation over the higher temperature range. We 
have oP = 4nNu2/9kT = u?/0-012732T c.c. Such a treatment is justifiable for those 
molecules in which no rotation of dipolar groups occurs and for which, therefore, the 
moment should be temperature-invariant. 

5x 
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The dielectric constants and densities marked with an asterisk were obtained experi- 
mentally by use of methods detailed in our previous papers. The headings in the tables 
have their usual significance. 


Comparison of Molecular Orientation Polarisation Values for the Dissolved and the 
Vapour State. 


€1- rP\. [Rz]p.- oP. 
2°2725 72 19°3 52°7 
2°2725 86 24°3 61:7 
2°2725 47°5 21-4 26°1 
2°227 49°8 21°4 28°4 
1912 51°0 21°4 29°6 
2°2725 82 31-1 50°9 
2°227 23°7 311 2°6 
2°2725 84 18°1 65°9 
2°2725 96°3 18-0 783 
2°227 87°0 22°3 64°7 
2°2725 109-0 F 72°8 
2°227 170 ; 153°8 
2°2748 44°5 * ' 27°4 
2°227 56°0 33°8 
2°2725 54°5 32°3 
2-306 82-0 78°3 
2-280 65°2 57°0 
2°227 73°5 60°7 
2-280 154 147°5 
2-280 340 308-4 
2°2725 54 29°8 
2°2725 51 17°3 
2°2725 219 F 206°5 
2-280 232 , 215°0 


x 


oP. 
57-1 
82°8 
22°8 
22°8 
23°2 
59°1 
2°5 
57°8 
76°3 
64°1 
59°8 
167-0 
31°6 
26°9 
26°9 
66°4 
59°4 
58°9 
174°7 
405°9 
18°3 
13°9 
295°9 
342°1 
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Comparison of Molecular Orientation Polarisation Values for the Solute in 
Bulk and in Solution. 


€1- d,. rP. [Rr]p- oP. : . rP,. oP. 
6°533* 2°2463* 40°99 19°3 21°7 72 §2°7 
7°244* 1:9187* 54°9 24°3 30°6 86 61:7 
4°724 14681 45°08 214 23°7 47°5 26°1 
5610 1:1010 = 61°9 311 30°8 82-0 50°9 
5°397* 1°4879* 62-7 34:0 28°7 82-0 48°0 
7°50 13048 77°1 36°0 41-1 145°5 109°5 
2°378 0°8543 33°9 31-1 2°8 33°7 2°6 
7°16* 0°9161* 54:3 18°0 36°3 96°3 78°3 
4°73* 0°8664* 74-2 36°2 38°0 109 72°8 
6°680* 0°9255* 52°3 18°1 34°2 84 65°9 
6°030* 0°8938* 61°7 39°4 87:0 64°7 
17°39 1:0237 99°1 ‘4 214°5 
4°724 1°414 38°4 
4°362 0°7079 55:2 
79°45 09971 1774 
31-2 0°7915 36°8 
24°69 0°7852 52:0 
22-2 0°8035 65°4 
ca. 14 0°7987 75°3 
14°0 0°8110 88-2 
11°58 0°8136 84°27 
9161 1:°0307 66-7 
20 13°0 10420 82°9 
25 15°0 0°9435 87:3 
25° 25°19 1:0006 91°6 
25 4°:169 0°7007 53°5 
25 ca. 3°1 0°7236 57°5 
20 54 10061 69°61 19 
20 27°75 11362 48°3 12°5 
20 ca. 30 1:0430 65°2 17-0 
20 23°8 1:1575 104°6 37°4 
25 4°398* 2°8750* 46°7 30°2 
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The Constitution of Dimeric Keten. 


Comparison of ,.P Values for Substances in the Liquid and the Gaseous State. 


€}- de. [Rz)p. oP). Mvap.- oP. 

6°533*  2°2463* 19°3 21°7 1°66 57°1 

9-06* 1°4283* 19°1 36°5 90°5 

7°244* 1-9187* 24°3 30°6 82°8 

2°347 0°8657 31-1 1°8 2°6 

4°724 1°4681 21°4 23°7 

4°368 0°7135 22-2 32°7 

4°724 1-414 17°4 21°4 

20°87 0°7863 16°2 47°9 

14°8 0°7799 . 30°5 

15°9 1°1051 . 42°2 

56121! 1-1011 30°8 

2 9-1 0°9189 P 22°8 
H-CO,C,H,, 6°49* 0°8721* ‘ 23-1 
Me:CO,Me 6°680* 0°9255* r 34°2 
Me-CO,Et 6°11 0°9005 39°3 
4°73* 0°8664* 38°0 

79°45 0°9971 13°7 

z 0°7915 28°4 

0°7952 39°2 

0°675 14°3 

0°7115 30°3 

1:0006 60°0 

0°67 15°0 

0°7050 23°7 

0°7280 24:2 

27°75 1°1362 35°8 

20 ca. 30 1:0430 48:2 342°1 


References.—The above data are collected from the following sources: Trans. Faraday Soc., 1934, 
Appendix; Landolt-—Bérnstein—Roth, ‘‘ Tabellen ’’; International Critical Tables; Beilstein; Sugden, 
J., 1933, 7724; Sugden and Groves, J., 1934, 10947; Martin, Nature, 1935, 185, 909 *. 
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412. The Constitution of Dimeric Keten. 


By W. R. Ancus, A. H. Leckie, C. G. LE FEvre, R. J. W. LE FéEvre, and 
A. WASSERMANN. 


CERTAIN dimeric ketens are capable of reacting both as ketones and as enols. For the 
simplest member, discovered by Chick and Wilsmore (J., 1908, 93, 946; 1910, 97, 1978), 
the following equilibria should be considered : * 


CH,—CO » Fito >» GH—(-0H 
CO—CH, <— C(OH)-CH, <— C(OH)-CH 
Diketone (A). Keto-enol (B.) Dienol (C). 


In this paper an attempt is made to determine the constitution of dimeric keten, 7.¢., to 
determine which of the forms A, B, or C predominates in a possible equilibrium, by com- 
paring the observed dipole moment, molecular refractivity, and heat of formation with 
calculated values. Further, the Raman spectra of the pure liquid compound and of its 
solution in carbon tetrachloride were examined in order to see whether the solvent exerts 
an influence on the constitution. 

Dipole Moment.—The dipole moment of dimeric keten has been estimated as 3-15 at 


* Staudinger, Ber., 1909, 42, 4912; 1920, 53, 1085; Helv. Chim. Acta, 1924, 7, 1; Dieckmann and 
Wittmann, Ber., 1922, 55, 3331. The hypothesis that certain dimeric ketens, including the one here 
investigated, should be regarded as molecular compounds (cf. Schroeter, Ber., 1916, 49, 26, 97; 1920, 
58, 1917) will not be discussed, as we agree with Staudinger and Dieckmann ((/oc. cit.) that the arguments 
by which this view has been supported are unconvincing. Lardy (J. Chim. physique, 1924, 21, 281) 
attempted to use the ultra-violet absorption spectrum of dimeric keten to disprove Schroeter’s hypo- 
thesis and to decide between the three formulz (A), (B), and (C). We do not, however, think that from 
his results any such conclusion can be derived. 
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25° in benzene solution and 3-30 in carbon tetrachloride solution (Debye units are used 
throughout). That of the dienolic form (C) can be calculated for three extreme cases. (1) 
For the symmetrical ¢rans-position of the hydroxyl groups, which, on account of the electro- 
static repulsion of the dipole, might be the most stable configuration, the resultant moment 
is zero. (2) For the cis-position (Fig. 1), a total moment of 3-2 is obtained if the moment of 
the hydroxy] group is taken as 1-7; for the position of maximum possible resultant moment, 
requiring some valency deflexion (shown by a broken line), a total moment of 3-4 is calcu- 
lated. The cis- might be more stable than the ¢rans-position if the London dispersion effect 
overbalances the electrostatic repulsion (cf. the relative stability of cis- and trans-dichloro- 
ethylene; Stuart, Physikal. Z., 1931, 32, 793). (3) If it is assumed that the potential 
minimum of the preferred configuration is so flat that almost free rotation of the two 
hydroxyl groups is possible at 25°, then the resultant moment will lie between 0 and 3:3. 
An exact calculation could be carried out by using Fuchs’s formula (Z. physikal. Chem., 
1931, B, 14, 339). 

The moment of the keto-enol form (B) is calculated as 2-7 (Fig. 2) by assuming a moment 
of 2-75 for the carbonyl bond and 1-7 for the hydroxyl group. For the other configuration 
(drawn in broken lines) a moment of 3-2 is obtained. 


Fic. 1. Fic. 2. 


Dipole moment of dienolic form (C) of Dipole moment of keto-enol form (B) of 
dimeric keten in the cis-configuration. dimeric keten. 


Fic. 1.—Direction of bond moments according to Eucken and Meyer 
(Physikal. Z., 1929, 30, 397); C-O-H angle 110°; therefore B = 72°. For 
C—O and O-H bond moments, see Wolf and Fuchs (Freudenberg, ‘ Stereo- 
chemie,”’ p. 262). The resultant moment of the cis-configuration is maximum 
if the assumption is made that a = 18°. 


Fic. 2.—For direction and value of bond moments, see Eucken and Meyer, 
Wolf and Fuchs (/occ. cit.); angle B = 72°. The resultant moment of the 
keto-enol form is maximum if, as above, the assumption is made that a = 18°. 


It is conceivable that the group moments in dimeric keten differ considerably from those 
employed; ¢.g., if the moment of the carbonyl bond is taken as 3-0, as in cyclopentanone 
(cf. Freudenberg, “‘ Stereochemie,’’ 1933, p. 793), and that of the hydroxyl group as 1-8 
(arbitrarily assumed), then a total moment of 3-0 is obtained for the position drawn in full 
lines in Fig. 2. Another reason for caution in accepting the above calculated values is that 
a possible influence of the resonance energy due to the two conjugated double bonds (cf. 
Sutton, Trans. Faraday Soc., 1934, 30, 785) has been neglected and that the moment of the 
C-H bond was assumed to be zero. 

The figures given do, however, show that the experimentally observed dipole moment is 
compatible with the keto-enol form (B). For the dienolic form (C) the observed moment 
would seem rather high, for the assumption of a rigid cis-configuration is hardly probable ; 
the possibility of form (C) cannot, however, be regarded as excluded by the dipole-moment 
measurements. The symmetrical diketo-form (A), on the other hand, is incompatible 
with the observed moment. This conclusion is supported by the fact that the 1: 1:3: 3- 
tetramethyleyclobutanedione, for which an enolic form is impossible, has a dipole moment 
experimentally indistinguishable from zero (cf. table, p. 1754). 

Molecular Refractivity—Chick and Wilsmore (loc. cit., 1910) found [Rz]p = 20-14 for 
dimeric keten, and calculated the following values: 18-78 for (A); 19-72 for (B); 20-66 
for (C). The molecular refractions have now been recalculated from Eisenlohr’s atomic 
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and bond refractions (‘‘Spektroskopie organischer Verbindungen,” Stuttgart, 1912) ; further, 
it was taken into account that cyclobutane derivatives are always characterised by a certain 
exaltation EM of the molecular refraction (cf. Oestling, quoted by Freudenberg, op. cit., 
p. 794); e.g., the EM, value for cyclobutanone is 0-49 (Eisenlohr and Oestling, occ. cit.), 
and that for 1 : 1 : 3 : 3-tetraethylcyclobutanedione is 0-50 (v. Auwers, Ber., 1918, 51, 1126). 
It is therefore justifiable to take an EM value of 0-50 for the calculation of the molecular 
refraction of the form (A), giving 18-99. The great discrepancy between this and the ob- 
served value is, like the observed dipole moment, evidence against the diketo-form (A). 

With the same allowance for exaltation, the values for (B) and (C) become 20-16 and 
21-32 respectively. Too much importance should not be attached to the good agreement 
between the observed and the calculated value in the case of (B), for it is not known whether 
a double bond in a cyclobutane ring conjugated with another double band raises the EM 
value still further, or whether, as in cyclopentadiene (cf. v. Auwers, Ber., 1912, 45, 3077), 
it depresses the molecular refraction. 

Heat of Combustion.—The heat of combustion of dimeric keten is 447-1 kg.-cals. /mol. in 
the liquid and 456 + 2 kg.-cals./mol. in the gaseous state (heat of vaporisation according 
to Trouton). The heat of formation from C*,* H, and O is accordingly 1081 kg.-cals. (cf. 
this vol., p. 829). For the additive calculation of the heat of formation, Pauling and 
Sherman’s bond energies (J. Chem. Physics, 1933, 1, 615) were used; only for the carbonyl 
bond was a different value taken, viz., 183 kg.-cals. (this vol., p. 839). The calculated heats 
of formation are: (A) = 1101; (B) = 1075; (C) = 1049 kg.-cals. 

The observed heat of formation is larger by 32 kg.-cals. than that calculated for (C). 
Such a difference cannot be ascribed to resonance-energy effects, as shown by theoretical 
considerations (cf. Pauling and Sherman, Joc. cit., p. 682) as well as by comparison of ob- 
served and calculated heats of formation of other compounds containing two conjugated 
double bonds (this vol., p. 830). The heat of combustion, therefore, excludes the dienolic 
form (C), but is compatible with both (A) and (B). The resonance energy corresponding 
to the two conjugated double bonds in (B) would increase the heat of formation, while the 
ring strain due to the cyclobutane ring would reduce it. As no exact values for these factors 
are available, no decision can be made between these two forms from the thermochemical 
data. 
Raman Spectrum.—The Raman spectra of the pure liquid dimeric keten and of a solution 
in carbon tetrachloride are compared in the following table, the observed displacements 
being given in cm.*!;. the figures in parentheses are the visually estimated intensities. 


Raman spectra of dimeric keten in the pure state and in carbon tetrachloride solution (20°). 


Pure liquid 334(1) 450(2) 532(2) 613(3) 674(8) 865(1) 984(1) 1104(2) 1185(3) 
Solution * om — _ 5380(3) + 604(1) 675(6) 860(3) 989(3) 1102(1) 1193(4) 
Pure liquid 1270(}) 1374(3) 1547(4) 1721(3) 1888(2) 1933(3) 2962(3) 3019(3) 3127(1) 
Solution 1281(4) 1372(3) 1560(4) 1730(3) 1895(2) 1952(1) 2939(3) 3023(3) 3124(1) 


* Solutions were made up of equal volumes of CCl, and dimeric keten. 


In the solution, the lines 334 and 450 cm.-! could not be observed with certainty owing 
to the proximity of carbon tetrachloride lines. All the other lines in the two rows of the 
table agree within the experimental error, with the exception of those at 1933 and 1952 
cm. and at 2962 and 2939 cm.!; but here, too, the difference is so small that it can be 
ascribed to the influence of the molecular force fields of the solvent. 

Dissolution of the dimeric keten in carbon tetrachloride does not have any great effect 
on the constitution, otherwise the agreement between the Raman spectra given in the table 
would not be so good. It is therefore justifiable to collate observations in carbon tetra- 
chloride solution (dipole moment) with those on the pure liquid (molecular refraction, heat 
of combustion) without taking into account possible constitutional changes. 


EXPERIMENTAL, 


Dimeric keten, prepared according to Ott, Schroeter, and Packendorff (J. pr. Chem., 1931, 
130, 177), was fractionally distilled in a stream of dry air, the middle fraction (b. p. 68—72°/100 
* C5 is the name of the electronic state of quadrivalent carbon. 
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mm.) being dried over sodium sulphate and refractionated in an all-glass apparatus immediately 
before use. The following b. p.’s were observed : 38-5°/23 mm., 50-5°/41-0 mm., 70-0°/100 mm. ; 
m. p. — 8° to — 7°. 

1: 1:3: 3-Tetramethylcyclobutanedione was prepared from Kahlbaum’s dimethylmalonic 
acid (m. p. 193°) (Staudinger, Helv. Chim. Acta, 1925, 8, 310), the anhydride of which was dried 
until of constant weight (m. p. about 120°). The dione was repeatedly recrystallised from 
pentane; m. p. 114—115°. 

The dielectric constants and densities at 25° of solutions of dimeric keten and the tetramethyl 
compound were measured by methods previously described or cited (Le Févre, Le Févre, and 
Robertson, this vol., p. 480), and from the results the total polarisations at infinite dilution were 
calculated. These figures combined with the molecular refractivity (D line) give the moments, u, 
which are given, together with the essential data, in the tables. The effect of making an allow- 
ance of ca. 10% in [Rz]» for the atomic polarisation is shown by the second values of oP and pu. 
The headings of the tables have the usual significance (Le Févre, Le Févre, and Robertson, /oc. 


Dipole moments of dimeric keten. 


rP. [Rz]p. 1‘1[Rz]p. oP. 
20°1 22°1 206°2, 204°2 
20°1 22°1 225°6, 223°6 


Molecular polarisation of dimeric keten. 


In benzene at 25°. 


fy, . 108 0 32453 55391 92564 
Mf, + Mf, 78 78°1947 78°3323 78°5554 
€ 2°2725 2°7158 3-0943 3-7327 
0°87370 0°87931 0°88363 0°89049 
26-5894 32°3554 36-4439 42-0513 
26-5894 25-7265 25°1166 24°1282 
— 6°6289 11-3273 17°9231 
— 204°3 204°5 193-6 


Extrapolated P, for f, = 0: 226°3 c.c. 


In carbon tetrachloride at 25°. 


0 25001 38707 

154 152-2500 151-2906 

2°2270 2-5623 2°7465 
158549 1-57473 1°56889 

28-1948 33-1079 35°4825 

28°1948 27-4899 27°1035 

— 5°6180 8°3790 

—_ 224-7 216°5 


Extrapolated P, for f, = 0: 245°7 c.c. 
* Carefully dried and redistilled before use. 


Molecular polarisation of tetramethylcyclobutanedtione in carbon tetrachloride at 25°. 


4170 6788 
153°9416 153-9048 
2°227 2-228 
158137 157868 
28°2576 28-3153 
28-0786 28-0034 
0°1790 0°3119 
42°9 45°9 


Only a small quantity of the tetramethylcyclobutanedione was available for examination. It 
follows, from thé fact that the observed total polarisation (i.e., 43—46 c.c.) lies close to the 
[Rr]p + 10% value (i.e., 41-3 c.c.), that the moment of the compound is, as might be expected, 
undetectably small. For the calculation of the molecular refractivity, v. Auwers’s EM value 
(loc. cit.) for tetraethylcyclobutanedione was used. 

The heat of combustion of dimeric keten (at 20°) was determined in the apparatus already 
described (this vol., p. 829). The substance was weighed out in glass bulbs which were sealed 
with vaselin. 
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Heat of combustion of dimeric keten. 
Heat of combustion (cals.). 





Dimeric oi . 
keten, g. Vaselin, g. At (obs.). At (corr.). Total. Corr. Cals./g. (const. vol.). 
0°39115 0-12900 1-2590° 1°2585° 3531-7 1449-4 5323°5 
0°41560 0°10605 1:2155 12160 3412°3 1200°6 5318-0 
0°49500 0°09730 1:3340 1°3330 3740°7 1106-9 5321-0 


Mean 5321°0 + 1°5 

The Raman spectra given in the first table were obtained by using essentially the experi- 
mental arrangement described by Angus and Leckie (Proc. Roy. Soc., 1935, 149, 327), but with 
a much smaller tube (2-5 c.c. capacity). For Raman displacements of less than 2500 cm.-', 
the 4358 A. mercury line was used as exciting source, and for greater displacements the 4047 A. 
line. The exposure times for the pure substance were 6—15 hours, and for the solutions 8—30 
hours. Four plates for each were obtained; these were in very good agreement. Unless 
broad lines were involved the error does not exceed + 6 cm.-. 


SUMMARY. 


The observed dipole moment and the molecular refraction of dimeric keten are incom- 
patible with the diketo-form (A), and the dienolic form (C) is excluded by the thermo- 
chemical data. The substance must therefore exist predominantly in the keto-enol form 
(B). Forms (A) or (C) could nevertheless be present in comparatively small concentrations. 
Dissolution of dimeric keten has no great effect on the Raman spectrum, and therefore, 
presumably, on the constitution. 


We are indebted to Professor C. K. Ingold for his continued interest, and to Imperial Chemical 
Industries Ltd. for the help afforded to one of us (A. W.). The heat of combustion (last table) 
was determined by Dr. G. Becker in the laboratory of Professor W. A. Roth. to both of whom 
our thanks are due. 


UNIVERSITY COLLEGE, LONDON. (Received, August 8th, 1935.] 





413. The Unsaturation and Tautomeric Mobility of Heterocyclic Com- 
pounds. Part VI. The Mobility of 5-Substituted 1-Hydroxybenz- 
thiazoles, and the Ultra-violet Absorption of Mobile and Statice Deriv- 
atives of 1-Hydroxybenzthiazole. 

By Rosert F. HUNTER and EDWIN R. PARKEN. 


THE unsymmetrical triad system [HJN-C:O == N:C-O[H] in 5-substituted 1-hydroxy- 
benzthiazoles provides a striking contrast to the semicyclic amidine system in 5-substituted 
l-aminobenzthiazoles (Hunter and Jones, J., 1930, 2190). Thus, although 5-bromo-1- 
hydroxybenzthiazole cannot be methylated with methyl iodide at 100° (Hunter, J., 1930, 
136), an alkaline solution of the compound reacts readily with methyl sulphate at labor- 
atory temperature, yielding 5-bromo-l-keto-2-methyl-1 : 2-dihydrobenzthiazole. 

Attempts to accomplish methylation by heating with methyl sulphate alone, or in the 
presence of acetonitrile, were also abortive, but ethyl-alcoholic sodium ethoxide and 
isopropyl-alcoholic sodium isopropoxide proved highly effective catalysts in methylation 
(cf. Kon and Linstead, J., 1929, 1269). The covalent form of the molecule is therefore 
clearly inert, and it is only after the removal of the proton (or of a complex of this with the 
catalyst) that the system becomes reactive towards alkylating agents. 

1-H ydroxy-5-methylbenzthiazole (III == IV; R = Me),* which was studied in greater 
detail than the other members of the series, was synthesised from #-tolylthiourethane 
(I, R = Me) by way of 1-ethoxy-5-methylbenzthiazole (II, R = Me) (cf. Jacobson, Ber., 
1886, 19, 1069). On methylation with methyl sulphate in the presence of alkali, it yielded 


* Although the absorption spectra of the substances indicate that they have the ketodihydro- 
thiazole structure, the names based on “‘ reaction formula ’’ have been retained for historical reasons, 
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solely 1-keto-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole (V, R = Me), the constitution of which 
follows from its synthesis from the 1-nitrosoimino-1 : 2-dihydro-derivative (VI, R = Me) 
(Besthorn, Ber., 1910, 48, 1523). 


S S 
OEt O[H] 
HS o a 
Ce a Ge . N 


(I.) (II.) (IIT.) {| 
S 
R C:N-NO O Oo 
===> ¢—- 
NMe NMe N[H] 
(VI.) (V.) (IV.) 


A similar result was obtained on methylation both of the sodium and of the silver salt of 
the hydroxybenzthiazole with methyl iodide. 

In methyl-alcoholic solution, 1-hydroxy-5-methylbenzthiazole showed an ultra-violet 
absorption which was almost identical with that of the static ketodimethyldihydro-deriv- 
ative (V, R = Me), and quite different from that of 1-methoxy-5-methylbenzthiazole (Fig. 1). 
It therefore follows that in the non-ionised condition the hydroxybenzthiazole has the 
ketodihydro-structure (IV). The general lowering of the absorption curve of 1-hydroxy- 
5-methylbenzthiazole in aqueous sodium hydroxide solution is evidently attributable to 
the decrease in concentration of absorbing molecules, due to the production of the ion 


CoH Me<p>C=0, which rapidly comes into equilibrium with the isomeric ion 
4 


CoHyMe<p>c—O. The first maximum at 2900 A. is characteristic of the Fae 


carbonyl group, and the curve therefore indicates a definite preponderance ta 
of the former ion. This may be interpreted on the basis of the sextuple \ 7 

group theory (Armit and Robinson, J., 1925, 127, 1605; Goss and Ingold, _ N 

J., 1928, 1268) by the annexed formula, but the preferential distribution of 

the electric charge on nitrogen is worthy of note. 

The absorption spectrum of the hydroxythiazole in ethyl-alcoholic sodium ethoxide 
and in aqueous potassium hydroxide was also examined. The curve of the former (Fig. 2) 
suggests greater deformation in the Fajans sense, but the extinction coefficient is the same 
as in methyl-alcoholic solution. The first maximum in aqueous potassium hydroxide 
(at 3000 A.) proved identical with that of the aqueous sodium hydroxide curve, but the 
eg raised to that of the curve for the hydroxythiazole in alcoholic sodium ethoxide 
(2600 A.). 

1-Hydroxy-5-methylbenzthiazole also exhibited a striking contrast to l-amino-5-methyl- 
benzthiazole as regards its behaviour towards bromine. Whereas the amidine undergoes 
substitution in the o-position to the nuclear nitrogen atom (Hunter and Jones, /oc. cit.), 
the hydroxy-derivative gave rise to a monobromo-substitution product which differed from 
3-bromo-1-hydroxy-5-methylbenzthiazole (VII) synthesised from o-bromo-p-tolylthiourethane 
by way of 3-bromo-1-ethoxy-5-methylbenzthiazole. Of the possible alternatives for the 
formula of this bromo-derivative, that of the 6-bromobenzthiazole structure (VIII) is 


S Br S S 
Me “ \¢-OH M C-OH M C-OH 
“NO N B N 
Br 


(VII.) (VIII.) (IX.) 


suggested by the naphthalene characteristics of the benzthiazole system (Fries, Annalen, 
1927, 454, 260). The synthesis of the compound from 2-bromo-p-tolylthiocarbimide, which 








+S ee / 
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definitely establishes the m-position of the halogen substituent, however, appears to be in 
better agreement with the 4-bromo-structure (IX). 

5-Iodo-, 5-chloro-, and 5-ethoxy-\-hydroxybenzthiazoles (III == IV; R=I, Cl, or 
OEt), in all of which the direction of polarisation is in the sense opposite to that produced 
by a methyl group when attached to a benzene ring, behaved similarly to 1-hydroxy-5- 
methylbenzthiazole on methylation and gave rise to 5-substituted 1-keto-2-methyl deriv- 
atives (V; R =I, Cl, or OEt). 

5-Nitro-1-hydroxybenzthiazole, obtained by nitration of 1-hydroxybenzthiazole (cf. 
Bogert and Abrahamson, J. Amer. Chem. Soc., 1922, 44, 826; Hunter, J., 1930, 125), 
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1-Hydroxy-5-methylbenzthiazole. I = 1-Hydroxy-5-methylbenzthiazole in MeOH. 

1-Keto-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole. Il = 1-Hydroxy-5-methylbenzthiazole in NaOH. 

1-Methoxy-5-methylbenzthiazole. III = 1-Hydroxy-5-methylbenzthiazole in NaOEt. 
IV = 1-Hydroxy-5-methylbenzthiazole in KOH. 


I 
II 
II 


til i 
Hi il 


I 


behaved similarly on methylation and gave rise to 5-nitro-1-keto-2-methyl-1 : 2-dihydro- 
benzthiazole, the synthesis of which from 5-nitro-l-imino-2-methyl-1 : 2-dihydrobenz- 
thiazole establishes the position of the nitro-group in the hydroxybenzthiazole derivative. 
McClelland and Warren (J., 1930, 1099) have pictured the Jacobson synthesis of benz- 
thiazoles as a reversible dismutation of an intermediate disulphide : 
C,H,-N-CR C,H;*N:CR las S CgH;°"N:CR 
645 pie dite | 6*45 al — CoH <Q>CR + 6tt5 i 
The inherent improbability of this (implying a similar ease of oxidation for mobile hydrogen 
of a thioamide triad and hydrogen attached to a benzene nucleus) appears evident from the 
higher temperature required for conversion of arylthiourethanes into ethoxybenzthiazoles 
as compared with their oxidation to disulphides (Jacobson, Joc. cit.). Confirmation of this 
is furnished by the fact that phenylthiourethane disulphide was unaffected by being 
maintained at its melting point for half an hour, and by the fact that no trace of this 
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substance could be obtained by heating an equimolecular mixture of phenylthiourethane 
and 1-ethoxybenzthiazole slightly above the melting point of the disulphide for a similar 
period of time. 





EXPERIMENTAL, 


1-H ydroxy-5-methylbenzthiazole (III —= IV; R= Me). Synthesis from p-Tolylihiourethane 
by Way of 1-Ethoxy-5-methylbenzthiazole-—The following experiments are typical of the series. 
(i) p-Tolylthiourethane, prepared in 80—85% yield by heating a solution of p-tolylthiocarbimide 
(60 g.) in absolute alcohol (200 c.c.), containing a few drops of quinoline, for 12 hours under 
reflux, formed triclinic crystals, m. p. 85—86° (Found: S, 16-6. Calc.: S, 16-4%). (ii) The 
thiourethane (20 g.) was ground with a little alcohol and dissolved in 30% aqueous sodium hydr- 
oxide (150 c.c.) and the solution was diluted with water (350 c.c.) and added in 20 c.c. portions 
at 5-minute intervals to a mechanically stirred solution of potassium ferricyanide (120 g.) in 
water (550 c.c.) at 80—90°. The ethoxybenzthiazole extracted by ether, on distillation in steam, 
formed a yellow oil, which solidified and then crystallised from alcohol in pale yellow plates 
(12 g.), m. p. 35—36° (Found: S, 16-3. C,,H,,ONS requires S, 16-6%). (iii) 1-Ethoxy- 
5-methylbenzthiazole (5 g.) was hydrolysed by heating with concentrated hydrochloric acid 
(20 c.c.) for 20 minutes. On recrystallisation from alcohol, 1-hydroxy-5-methylbenzthiazole 
was obtained in needles (4 g.), m. p. 168—169° (Found: C, 58-1; H, 4-15; S, 19-7. C,H,ONS 
requires C, 58-2; H, 4:2; S, 19-4%). The silver salt, obtained from aqueous silver nitrate 
(1-5 g. in 4 c.c.) and the hydroxythiazole (1 g. in 40 c.c. of absolute alcohol), formed a cream- 
coloured precipitate, which decomposed at 180° after drying in a vacuum (Found: Ag, 39-3. 
C,H,ONSAg requires Ag, 39:7%). The sodium salt was prepared by heating the hydroxy- 
thiazole (1 g.) with sodamide (0-3 g.) in xylene (5 c.c.) at 130° for } hour under reflux, ammonia 
being evolved. It darkened at 233°, sintered, and finally decomposed at 260—261° (Found : 
S, 16-4. C,H,ONSNa requires S, 17-1%). This salt was partly hydrolysed by water, its 
aqueous solution being definitely alkaline. 

Methylation of 1-Hydroxy-5-methylbenzthiazole and the Synthesis of 1-Keto-2 : 5-dimethyl- 
1 : 2-dihydrobenzthiazole.—(i) A solution of 1-hydroxy-5-methylbenzthiazole (1 g.) in chloroform 
(2 c.c.) and 25% aqueous sodium hydroxide (20 c.c.) was treated with methyl sulphate (2 c.c.) 
and heated under reflux for 10 minutes. After an hour, the mixture was extracted with chloro- 
form, and the extract allowed to evaporate spontaneously; 1-heto-2 : 5-dimethyl-1 : 2-dihydro- 
benzthiazole separated, which crystallised from alcohol in needles (1 g.), m. p. 76—77° (Found : 
C, 60-4; H, 5-0; S, 17-9. C,H,ONS requires C, 60-4; H, 5-0; S, 17-9%). Methylation of the 
sodium salt of the hydroxythiazole (1 g.) with methyl iodide (1-5 c.c.) in a sealed tube at 100° 
for 5 hours also gave the ketodimethyldihydro-derivative, unaccompanied by any detectable 
quantity of the O-methy] derivative. 

(ii) A mixture of the silver salt of the hydroxythiazole (0-5 g.) and methyl iodide (1-5 c.c.) 
was heated in a sealed tube at 100°, and the product was extracted with alcohol. Concentration 
of the extract yielded a brown oil, which, on being kept in a vacuum for some days, deposited 
0-2 g. of the ketodimethyldihydro-derivative. 

(iii) A mixture of l-amino-5-methylbenzthiazole (5 g.), methyl alcohol (50 c.c.), and methyl 
sulphate (5 c.c.) was heated under reflux for 15 minutes and kept over-night, the crystallised 
methosulphate was dissolved in water and decomposed with alkali, and the oily iminodimethyl 
base (cf. Hunter and Jones, J., 1930, 2198) was extracted with chloroform. A solution of the 
base in glacial acetic acid (25 c.c.) was treated at 5° with sodium nitrite (2 g. in 10 c.c. of water) ; 
1-nitrosoimino-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole separated after some time in dark red- 
brown crystals (3-5 g.), which exploded at 144° (Found : S, 15-5. C,H,ON,S requires S, 15-4%). 
When the nitroso-derivative (1 g.) was heated in xylene (30 c.c.) on a sand-bath, nitrogen was 
evolved; the solution was concentrated to 1—2 c.c., and the product recrystallised from methyl 
alcohol (animal charcoal), 1-keto-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole being obtained, 
m. p. and mixed m. p. 75—76°. 

Synthesis of 1-Methoxy-5-methylbenzthiazole and Proof of its Absence from the Methylation 
Product of 1-Hydroxy-5-methylbenzthiazole——(i) Methyl p-tolylthioncarbamate, prepared from 
p-tolylthiocarbimide (20 g.), methyl alcohol (80 c.c.), and a trace of quinoline, formed triclinic 
crystals (20 g.), m. p. 79—80° (Found: S, 17-3. C,H,,ONS requires S, 17-6%). 1-Methoxy- 
5-methylbenzthiazole, obtained by oxidation of the tolylthioncarbamate (15 g.) with potassium 
ferricyanide, formed a red-brown oil, which solidified and then separated from methyl alcohol 
in needles (6 g.), m. p. 32—33° (Found : S, 17-8. C,H,ONS requires S, 17-°9%). On hydrolysis 
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with concentrated hydrochloric acid, the methoxythiazole yielded 1-hydroxy-5-methylbenz- 
thiazole. 

(ii) The methylation product (m. p. 75°) obtained from 1-hydroxy-5-methylbenzthiazole 
(1 g.) and methyl sulphate was heated with concentrated hydrochloric acid (20 c.c.) for 4 hour 
and the mixture was diluted with water and thrice extracted with chloroform. Fractional 
crystallisation of the product from methyl alcohol yielded four fractions consisting of 1-keto- 
2 : 5-dimethyl-1 : 2-dihydrobenzthiazole, unaccompanied by any trace of 1-hydroxy-5-methyl- 
benzthiazole. 

Acetylation of 1-Hydroxy-5-methylbenzthiazole.—The solution obtained by heating the hydroxy- 
thiazole (1 g.) with acetic anhydride (4 c.c.) for } hour was diluted with alcohol and heated for 
a further hour. On recrystallisation, an acetyl derivative was obtained, which was also prepared 
from the sodium salt of the hydroxythiazole and acetyl chloride, m. p. 109° (Found: S, 15-2. 
C,»H,O,NS requires S, 15-4%). 

Bromination of 1-Hydroxy-5-methylbenzthiazole and of its N- and O-Methyl Derivatives.— 
(i) The solution obtained by treating 1-hydroxy-5-methylbenzthiazole in chloroform (1 g. in 
10 c.c.) with bromine (1 c.c. in 1 c.c. of chloroform) at 0° was concentrated under reduced pressure 
at laboratory temperature, and the highly unstable perbromide was dissolved in alcohol. The 
solution was diluted with a little water and heated; the 4(or 6)-bromo-1-hydroxy-5-methyl- 
benzthiazole obtained separated from methy] alcohol in needles (0-75 g.), m. p. 239—240° (Found : 
Br, 32-6; S, 12-8. C,H,ONBrS requires Br, 32-8; S, 13-1%). (ii) On methylation with methyl 
sulphate in 25% aqueous sodium hydroxide, and recrystallisation of the product from methyl 
alcohol, this yielded 4(or 6)-bromo-1-keto-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole, m. p. 145° 
(Found: S, 12-8. C,H,ONBrS requires S, 12-4%). (iii) A solution of 1-keto-2 : 5-dimethyl- 
1 : 2-dihydrobenzthiazole in chloroform (0-5 g. in 5 c.c.) was treated with bromine (0-6 c.c.) 
at laboratory temperature and the red hydroperbromide was dissolved in alcohol; the 4(or 6)- 
bromo-1-keto-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole obtained was identified by m. p. and 
mixed m. p. determination. (iv) A solution of 1-methoxy-5-methylbenzthiazole in chloroform 
(2 g. in 20 c.c.) was treated with bromine (2-4 c.c.), the bromo-addition compound dissolved 
in alcohol, and the solution concentrated after being diluted with water. The product had m. p. 
204° after being crystallised from methyl alcohol and evidently consisted of a mixture of 4(or 6)- 
bromo-1-hydroxy-5-methylbenzthiazole and the bromomethoxybenzthiazole initially formed. 
Hydrolysis was therefore completed by heating with hydrochloric acid; the 4(or 6)-bromo-l- 
hydroxy-5-methylbenzthiazole obtained (Found: S, 12-95%) was identified by m. p. and mixed 
m. p. determinations and by conversion into 4(or 6)-bromo-1-keto-2 : 5-dimethyl-1 : 2-dihydro- 
benzthiazole. 

3-Bromo-1-hydroxy-5-methylbenzthiazole.—(i) 0-Bromo-p-tolylthiourethane formed an _ oil, 
which deposited small crystals on being kept in a vacuum for some days; m. p. 32—33° (Found : 
S, 11-7. CyjH,,ONBrS requires S, 11-7%). (ii) 3-Bromo-l-ethoxy-5-methylbenzthiazole 
formed a yellow oil, which, on being kept, furnished small needles, m. p. 36—37°. (iii) This 
ethoxythiazole (2-5 g.) was hydrolysed with hydrobromic acid (d 1-49); the 3-bromo-1-hydroxy- 
5-methylbenzthiazole obtained crystallised from methyl alcohol in needles (2 g.), m. p. 209° 
(Found: Br, 32-8. C,H,ONBrS requires Br, 32-8%). (iv) On methylation, this yielded 
3-bromo-1-keto-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole, which crystallised from methyl] alcohol in 
snow-white needles, m. p. 116° (Found: Br, 31-3. C,H,ONBrS requires Br, 31-0%). A mixture 
of this with 4(or 6)-bromo-1-keto-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole melted at 93—94°. 

Synthesis of 4(or 6)-Bromo-1-hydroxy-5-methylbenzthiazole.—(i) 2-Bromo-p-tolylthiocarbimide. 
A solution of 2-bromo-p-toluidine (Scheufelen, Annalen, 1885, 231, 171) (9-3 g.) in chloroform 
(20 c.c.) was gradually added to a mechanically stirred suspension of thiocarbony] chloride (3 c.c.) 
in water (30 c.c.), and stirring was continued for a further 15 minutes. The thiocarbimide 
(9 g.) separated from alcohol in long needles, m. p. 44—45° (Found: Br, 29-9. C,H,NBrS 
requires 30-1%). (ii) 2-Bromo-p-tolylihiourethane crystallised in small prisms, m. p. 106° 
(Found: Br, 29-0. C,,H,,ONBrS requires Br, 29-2%). (iii) 4(or 6)-Bromo-1-ethoxy-5-methyl- 
benzthiazole formed a yellow oil, which solidified on keeping and separated from alcohol in silky 
needles, m. p. 50—51° (Found: Br, 29-2. C,)H,gONBrS requires Br, 29-4%). (iv) On hydro- 
lysis this gave 4(or 6)-bromo-l-hydroxy-5-methylbenzthiazole, which separated from alcohol 
in needles, m. p. 226°, and 228—229° when mixed with the specimen obtained by bromination 
of 1-hydroxy-5-methylbenzthiazole. All attempts to raise the m. p. to that of the specimens 
previously described, by recrystallisation, were unsuccessful. On methylation of this product 
with methyl sulphate, however, 4(or 6)-bromo-1-keto-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole 
was obtained, m. p. and mixed m. p. 145—146°. 
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1-Hydroxy-5-ethoxybenzthiazole.—(i) p-Phenetylthiourethane formed prisms, m. p. 93—94° 
(Found: S, 14-2. C,,H,,O,NS requires S, 14:3%). (ii) 1: 5-Diethoxybenzthiazole crystallised 
from alcohol in plates, m. p. 54° (Found: S, 14-4. C,,H,,;0,NS requires S, 14-35%). (iii) 
1-Hydroxy-5-ethoxybenzthiazole, obtained by hydrolysis of the diethoxy-derivative, separated 
from alcohol in needles, m. p. 147° (Found: C, 56-0; H, 4:7; S, 16-2. C,H,O,NS requires 
C, 55-4; H, 4-6; S, 16-4%). 

1-Keto-5-ethoxy-2-methyl-1 : 2-dihydrobenzthiazole, obtained by methylation of 1-hydroxy- 
5-ethoxybenzthiazole, crystallised from alcohol (animal charcoal) in long needles, m. p. 85° 
(Found: S, 15-4. C,,H,,O,NS requires S, 15-3%). 

1-Nitrosoimino-5-ethoxy-2-methyl-1 : 2-dihydrobenzthiazole, obtained by treatment of a 
solution of 1-imino-5-ethoxy-2-methyl-1 : 2-dihydrobenzthiazole (Hunter and Jones, J., 1930, 
2201) in glacial acetic acid with sodium nitrite, formed a red-brown microcrystalline powder, 
which decomposed at 139°. On being heated in xylene, it lost nitrogen and yielded 1-keto- 
5-ethoxy-2-methyl-1 : 2-dihydrobenzthiazole, m. p. 84—85°, and 85° when mixed with the speci- 
men obtained above. 

Methyl p-phenetylthioncarbamate, prepared from -phenetylthiocarbimide and methyl 
alcohol (A.R.), formed crystals, m. p. 68—69° (Found : S, 14-9. C,)9H,,;0,NS requires S, 15-2%). 
On oxidation with alkaline potassium ferricyanide, it gave 1-methoxy-5-ethoxybenzthiazole, which 
crystallised from methyl alcohol in feathery needles, m. p. 75—76° (Found: S, 15-2. 
C,9H,,0,NS requires S, 15-3%). _ A mixture of this with the isomeric keto-ethoxymethyldihydro- 
benzthiazole melted at 64—67°. On hydrolysis with hydrobromic acid (d 1-49), it yielded 
1-hydroxy-5-ethoxybenzthiazole. 

5-Iodo-1-hydroxybenzthiazole.—(i) p-Iodophenylthiourethane formed needles, m. p. 106—107° 
(Found: S, 10-3. C,H,,ONIS requires S, 10-4%). (ii) 5-Iodo-1-ethoxybenzthiazole separated 
from alcohol in needles, m. p. 76—77° (Found: S, 10-7. C,H,ONIS requires S, 10-5%). 
(iii) 5-Iodo-1-hydroxybenzthiazole crystallised from alcohol in fine needles, m. p. 225—226° 
(Found: S, 12-1. C,H,ONIS requires S, 11-9%). 

5-Iodo-1-keto-2-methyl-1 : 2-dihydrobenzthiazole, obtained by methylation of the hydroxy- 
thiazole, crystallised in fine needles, m. p. 135° (Found: S, 11-2. C,H,ONIS requires S, 11-0%). 

The gum obtained by methylation of 5-iodo-l-aminobenzthiazole (0-8 g.) with methyl 
iodide (1 c.c.) at 100° (cf. Dyson, Hunter, Jones, and Styles, J. Indian Chem. Soc., 1931, 8, 
147) was dissolved in glacial acetic acid (10 c.c.) and treated with sodium nitrite (1 g. in 5 c.c. 
of water); 5-iodo-1-nitrosoimino-2-methyl-1 : 2-dihydrobenzthiazole was obtained as a salmon- 
pink microcrystalline powder, which exploded at 160° (Found: S, 10-0. C,H,ON,IS requires 
S, 10-0%). When heated in xylene, this gave 5-iodo-1-keto-2-methyl-1 : 2-dihydrobenzthiazole. 

5-Bromo-1-hydroxybenzthiazole.—(i) Methyl p-bromophenylthioncarbamate had m. p. 99—100° 
(Found: Br, 32-3; S, 13-3. C,H,ONBrS requires Br, 32-1; S, 13-0%). (ii) 5-Bromo-1- 
methoxybenzthiazole separated from methyl alcohol in needles, m. p. 82—83° (Found: Br, 
32-9; S, 13-0. C,H,ONBrS requires Br, 32-8; S, 13-1%). On hydrolysis it yielded 5-bromo- 
1-hydroxybenzthiazole, m. p. 223—224°, undepressed by admixture with a specimen obtained 
by bromination of 1-hydroxybenzthiazole (Hunter, J., 1930, 125). 

Methyl phenylthioncarbamate, m. p. 93°, obtained from phenylthiocarbimide (Found: S, 
18-9. C,H,ONS requires S, 19-1%), was oxidised to give 1-methoxybenzthiazole, which separated 
from methyl alcohol in needles, m. p. 88—89° (Found: S, 19-6. C,H,ONS requires S, 19-4%). 
A solution of this in chloroform (1 g. in 10 c.c.) was treated with bromine (1-2 c.c.), and the 
hydroperbromide obtained by concentration in a vacuum was dissolved in alcohol. The solution 
was boiled, diluted with a little water, and concentrated; the 5-bromo-l-methoxybenzthiazole 
obtained had m. p. 83—84°, and 83° when mixed with the specimen described above. 

Methylation of 5-Bromo-1-hydroxybenzthiazole.—(i) The hydroxythiazole was recovered 
unchanged after being heated under reflux for an hour with methyl sulphate (0-9 c.c. to 0-5 g.) 
on a water-bath or with methyl sulphate (1-5 c.c. to 1 g.) in acetonitrile (10 c.c.). (ii) On 
methylation with methyl sulphate in the presence of 25% aqueous sodium hydroxide, however, 
5-bromo-1-keto-2-methyl-1 : 2-dihydrobenzthiazole was obtained, m. p. and mixed m. p. 
125—126°; no trace of the isomeric 5-bromo-1-methoxybenzthiazole was detected. 

5-Chloro-1-hydroxybenzthiazole.—(i) p-Chlorophenylthiourethane had m. p. 98° (Found: 
S, 15-0. Calc.: S, 14-9%). (ii) 5-Chloro-1-ethoxybenzthiazole separated from alcohol in plates, 
m. p. 60—61° (Found: Cl, 16-5; S, 14-5. C,H,ONCIS requires Cl, 16-6; S, 149%). (iii) 
5-Chloro-1-hydroxybenzthiazole crystallised in needles, m. p. 204° (Found: C, 45-6; H, 2-8; 
Cl, 19-2; S, 17-4. C,H,ONCIS requires C, 45-3; H, 2-2; Cl, 19-1; S, 17-25%). 
5-Chloro-1-keto-2-methyl-1 : 2-dihydrobenzthiazole, obtained by methylation of the hydroxy- 
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thiazole, formed needles, m. p. 112° (Found: Cl, 17-9; S, 16-2. C,H,ONCIS requires Cl, 17-8; 
S, 16-0%). 

The gum obtained by methylation of 5-chloro-l-aminobenzthiazole (Hunter and Jones, 
loc. cit.) was acetylated with acetic anhydride. 1 G. of the acetyl derivative (m. p. 197°) was 
hydrolysed with hydrochloric acid, and the gum obtained by basification and extraction with 
chloroform was dissolved in glacial acetic acid and treated with sodium nitrite. The 5-chloro- 
1-nitrosoimino-2-methyl-1 : 2-dihydrobenzthiazole obtained exploded at 138—139° (Found: 
Cl, 15-5; S, 14-4. C,H,ON,CIS requires Cl, 15-6; S, 14-15%). When heated in xylene, it 
yielded 5-chloro-1-keto-2-methyl-1 : 2-dihydrobenzthiazole, m. p. 110—111°, and 112° when 
mixed with the specimen obtained by methylation of 5-chloro-1-hydroxybenzthiazole. 

5-Nitro-1-hydroxybenzthiazole, obtained by nitration of 1-hydroxybenzthiazole with nitric 
acid (d 1-5) (6 c.c. per g.) below 8°, separated from alcohol—ethyl acetate in almost colourless 
crystals, m. p. 251°. 

5-Nitro-1-keto-2-methyl-1 : 2-dihydrobenzthiazole, obtained by methylation of 5-nitro- 
1-hydroxybenzthiazole, separated from alcohol—ethy] acetate in yellow needles, m. p. 162—163°, 
undepressed by admixture with the specimen described below. 

5-Nitro-1-nitrosoimino-2-methyl-1 : 2-dihydrobenzthiazole formed a salmon-pink powder, 
which exploded at 152° (Found: S, 13-3. C,H,O,N,S requires S, 13-2%). When heated in 
xylene, it yielded 5-niivo-1-keto-2-methyl-1 : 2-dihydrobenzthiazole, which separated from alcohol— 
ethyl acetate (animal charcoal) in brilliant yellow needles, m. p. 162-—163° (Found: S, 15-2. 
C,H,O,N,5 requires S, 15-2%). This compound, m. p. and mixed m. p. 162—163°, was also 
prepared by the nitration of 1-keto-2-methyl-1 : 2-dihydrobenzthiazole (Besthorn, Ber., 1910, 
43, 1523) with fuming nitric acid at 0—8°. 

Experiments on the Alleged Dismutation of Phenylthiourethane Disulphide.—Phenylthio- 
urethane disulphide, prepared by oxidation of phenylthiourethane with alkaline potassium 
ferricyanide at laboratory temperature (Jacobson, loc. cit.), separated from alcohol in plates, 
m. p. 96—97°. (i) A specimen was fused on a water-bath for 4 hour, and the cooled product 
kept for 24 hours. No apparent change having occurred, the specimen was heated in an electric 
oven at 102—103° for 45 minutes. Them. p. of the resolidified product was unaltered, and was 
undepressed by admixture with the original disulphide. (ii) A mixture of phenylthiourethane 
and l-ethoxybenzthiazole in molecular proportion was kept at 100° for 4 hour; after cooling, 
the mixture was dissolved in alcohol and fractionally crystallised under reduced pressure at 
laboratory temperature. Almost the whole of the phenylthiourethane was recovered unchanged, 
and identified by its properties and a mixed m. p. determination. The mother-liquors furnished 
l-ethoxybenzthiazole unaccompanied by any detectable quantity of the disulphide of phenyl- 
thiourethane. 

Absorption Spectra Measurement [with AspuL Aziz FirpaAus].—1-Hydroxy-5-methyl- 
benzthiazole, 1-keto-2 : 5-dimethyl-1 : 2-dihydrobenzthiazole, and 1-methoxy-5-methylbenz- 
thiazole were carefully recrystallised, and dried ina vacuum. The last compound was prepared 
by the condensation of 1-chloro-5-methylbenzthiazole and sodium methoxide in methyl alcohol 
and had m. p. 45° after drying ina vacuum. The measurements were made with a Carl Leiss 
Spectrograph (type C), quartz absorption cells and a Wellington anti-screen plate being used. 
An improved form of hydrogen tube which gave a constant intensity of light enabled constant 
comparison spectra to be inserted between successive exposures, with various cell thicknesses 
of solution. Juxtaposition was secured by means of a Hartman diaphragm, and from the density 
matchpoints, molecular extinction coefficients followed. 

M/1000-Solutions of the three compounds in absolute methyl alcohol were first examined 
and the solutions were thereafter diluted with methyl alcohol to M/10,000 and then to 
M/100,000. M/1000-Solutions of 1-hydroxy-5-methylbenzthiazole in N/100-aqueous sodium 
hydroxide, N/100-ethyl-alcoholic sodium ethoxide, and N/100-aqueous potassium hydroxide 
were then examined, the solutions being subsequently diluted to M/10,000, with water in the 
cases of sodium and potassium hydroxide and with alcohol in the case of sodium ethoxide. 
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414. The Unsaturation and Tautomeric Mobility of Heterocyclic 
Compounds. Part VII. Selenazole Derivatives. 


By CuirAGH HAsAN and RoBEerT F. HUNTER. 


As might be anticipated from the theory of sextuple valency group stability and the strik- 
ing resemblance of selenophen to thiophen in chemical properties (Briscoe and Peel, J., 

1928, 1741), semi-cyclic triad systems containing a selenazole ring (I == II) exhibit the 
closest similarity to their thiazole analogues (Hunter, J., 1926, 1385; 1930, 125) in 


behaviour. 
Se . 
(L,) CrSpoxa = @=-- xX () 


It was not possible to apply the symmetry test of mobility to 1-aminobenzselenazole 
(I == II, X = NH), which was readily obtained from phenylselenourea (Stolte, Ber., 
1886, 19, 2350) by treatment with bromine, on account of repeated failures to isolate 
as.-phenylacetylselenourea, which apparently undergoes immediate isomerisation to the 
stable isomeride under the conditions of acetylation (cf. Hugershoff, Ber., 1899, 32, 3649; 
Wheeler, Amer. Chem. ]., 1902, 27,270; Hunter and Pride, J., 1929, 944). On methylation, 
the amidine yielded 1-imino-2-methyl-1 : 2-dihydrobenzselenazole, which may have been 
accompanied by a small amount of the isomeric 1-methylaminobenzselenazole; this was 
rationally synthesised from s-phenylmethylselenourea. On acetylation with acetic anhydride, 
l-aminobenzselenazole yielded 1-acetamidobenzselenazole, identical with that obtained 
from ‘s-phenylacetylselenourea and bromine. The presence of a y-amino-group in the base 
was also established by the formation of an unstable diazonium chloride, which yielded 
1-chlorobenzselenazole on being heated with hydrochloric acid (cf. Hunter and Jones, 
J., 1930, 2190). 

Substitution of phenyl for a hydrogen atom of the l-amino-group stabilises the imino- 
dihydro-form of the triad system, and the methylation of 1-anilinobenzselenazole (I == II, 
X = NPh) gave rise to a mixture of 1-phenylimino-2-methyl-1 : 2-dihydrobenzselenazole 
(III) and 1-phenylmethylaminobenzselenazole (IV), in which the former isomeride, derived 
from the amino-aromatic form, was present in larger amount. 


(HL) Cope >C:NPh CoH <SE>CNMePh (IV. 


1-Hydroxybenzselenazole (I == II, X = O) was obtained both by phosgenation of 
the zinc salt of o-aminoselenophenol and by hydrolysis of 1-chlorobenzselenazole. It 
was most conveniently prepared by reducing bis-o-urethanophenyl diselenide (VI), obtained 
by condensation of bis-o-aminophenyl diselenide (V) with ethyl chloroformate, with tin 
and hydrochloric acid. 


Ox is i) Ocoee —> I — II, X=0) 
2 


(VI.) 


On methylation in an alkaline medium it yielded 1-keto-2-methyl-1 : 2-dithydrobenzselenazole, 
the constitution of which follows from its synthesis from 1-imino-2-methyl-1 : 2-dihydro- 
benzselenazole by Besthorn’s method (Ber., 1910, 48, 1523). 
1-Thiolbenzselenazole (I == II, X = S) was prepared from the zinc salt of o- amino- 
selenophenol and thiocarbonyl chloride and by the action of sodium hydrosulphide on 
1-chlorobenzselenazole. A more satisfactory method of preparation consisted, however, 
in heating bis-o-nitrophenyl diselenide with a mixture of sodium disulphide, carbon di- 
sulphide, and aqueous sodium hydroxide in the presence of hydrogen sulphide, the 
mechanism of the reaction presumably consisting in reduction of the nitro-derivative to 
the aminoselenophenol and the subsequent condensation of this with carbon disulphide 
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(cf. Hofmann, Ber., 1887, 20, 1788). Methylation of the thiolselenazole yielded an oily 
product, which appeared to be the expected S-methyl derivative, since it differed from 
1-thio-2-methyl-1 : 2-dihydrobenzselenazole synthesised from the corresponding ketomethyl- 
dihydroselenazole and phosphorus pentasulphide. 

In an attempt to prepare 1-bromo-f-naphthylthiourea by heating a mixture of the 
hydrochloride of 1-bromo-f$-naphthylamine and aqueous potassium thiocyanate, it was 
discovered that the reaction took quite another course with the direct production of 1- 
amino-«-naphthathiazole (unpublished result). A similar reaction between the bromo- 
naphthylamine and potassium selenocyanate provides a convenient synthesis of 1-amino-a- 
naphthaselenazole (VIII == IX). Since it was not found possible to prepare selenoureas 
by heating aqueous solutions of salts of arylamines with potassium selenocyanate, the 
mechanism of the reaction presumably consists in substitution of a selenocyano-group 
for «-bromine, and subsequent interaction of this with the amino-group in the o-position 
to give l-imino-1 : 2-dihydro-«-naphthaselenazole (VIII). 


Se—C=N een NH pi NH, 
SO pmmaee maken 0.0 
(VIL.) OO ) (LX.) 


The interaction of s-phenyl--naphthylselenourea with bromine was similar to that of 
the sulphur analogue and gave rise to 1l-anilino-a-naphthaselenazole, the constitution of 
which follows from its degradation to a bisaminonaphthyl diselenide, identical with that 
obtained from l-amino-«-naphthaselenazole on alkali fusion. 


EXPERIMENTAL. 


Phenylimidocarbonyl chloride was prepared by the action of chlorine upon phenylthio- 
carbimide in carbon tetrachloride (Perkin and Lewis, J. Amer. Chem. Soc., 1922, 44, 2897), 
the fraction, b. p. 205—206°, being separately collected. When chloroform was used as a 
diluent (Sell and Zierold, Ber., 1874, 7, 1229), nuclear substitution occurred, even in a freezing 
mixture; the product distilled at 195—250°. 

Phenylselenocarbimide was prepared by treating phenylimidocarbonyl chloride (13-2 g.) 
in an equal volume of ether with sodium selenide (11 g.), the mixture being kept for 2 days and 
then extracted with ether. The brown oil obtained contained phenyliminocarbonyl chloride, 
but this did not interfere in the condensation of the selenocarbimide with amines. The pure 
selenocarbimide was isolated by distillation in a vacuum (b. p. 120—130°/6—8 mm.), but there 
was considerable decomposition. After a week, phenylselenocarbimide deposited large brown 
needles and small white crystals, but the product from which these had been removed behaved 
in the same way as freshly prepared specimens and yielded the expected selenoureas on treat- 
ment with amines. 

Phenylselenourea was obtained by treating a solution of the selenocarbimide (20 g.) in 
benzene with excess of aqueous ammonia (d 0-880). On recrystallisation from alcohol and 
thereafter from benzene, it formed needles, m. p. 182° (to a black liquid which became yellow 
at 216—218°) (Found: Se, 39-5. Calc.: Se, 397%). The compound became pink and there- 
after grey on keeping, the changes being largely dependent on the extent of exposure to light. 
A dark grey specimen which had been kept for 5 months behaved normally on treatment with 
bromine and yielded 1-aminobenzselenazole. 

1-Aminobenzselenazole (I == II; X = NH).—A suspension of finely powdered phenyl- 
selenourea (13 g.) in carbon tetrachloride (60 c.c.) and chloroform (10 c.c.) was stirred during 
the addition of bromine (3-7 c.c. in 5 c.c. of carbon tetrachloride); heat was evolved. The 
mixture was heated under reflux until the evolution of hydrogen bromide abated; the insoluble 
product was collected, crushed, dried in a vacuum, and gradually added to saturated sulphurous 
acid (150 c.c.). The mixture was treated with sulphur dioxide for 15 minutes, warmed to 50— 
60°, again treated with sulphur dioxide, and heated to boiling; the greater part of the product 
then dissolved. The fluorescent filtrate on basification with aqueous ammonia (d 0-880) yielded 
the base partly in colourless needles and partly as a pinkish gummy precipitate which sub- 
sequently solidified. Recrystallisation from water or alcohol gave pink crystals. 1-Amino- 
benzselenazole was best purified by filtering a hot solution of the base in benzene into petrol; 
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it then crystallised in colourless needles, m. p. 142° (Found: C, 42-7; H, 3-0; Se, 39-9. 
C,H,N,Se requires C, 42-6; H, 3-0; Se, 40-0%). Cyclisation of phenylselenourea in chloroform 
proved unsatisfactory, and bromine in excess of the calculated amount caused nuclear sub- 
stitution. 

Methylation of 1-Aminobenzselenazole-—A mixture of the base (0-5 g.), methyl alcohol 
(10 c.c.), and methyl sulphate (14 c.c.) was heated on a water-bath for 2 hours, caoled, treated 
with excess of alkali, and again heated. The yellow oil was separated, dried in a vacuum, and 
extracted with benzene. The gum obtained commenced to solidify in a vacuum after a fort- 
night, yielding small yellow crystals of 1-imino-2-methyl-1 : 2-dihydrobenzselenazole, m. p. 104° 
(Found: Se, 37-2. C,H,N,Se requires Se, 37-4%); a second crop of crystals of the same base 
subsequently separated. By methylation of the aminoselenazole (2-0 g.) with methyl iodide 
(1-5 c.c.) at 100° for 10 hours, a similar gum was obtained, from which the iminomethyldihydro- 
base was isolated. 1-Nitrosoimino-2-methyl-1 : 2-dihydrobenzselenazole, obtained by treating 
a solution of the iminomethyldihydrobenzselenazole (3 g.) in glacial acetic acid (11 c.c.) with 
sodium nitrite (1-1 g. in 2-5 c.c. of water) at 7—8°, formed brown microscopic crystals, which 
exploded at 142—144° after being dried in a vacuum (Found: Se, 32-6. C,H,ON,Se requires 
Se, 32:9%). 

Synthesis of 1-Methylaminobenzselenazole-—An aqueous solution of methylamine (33%) 
was added drop by drop to a solution of pure phenylselenocarbimide (5 g.) in benzene (15 c.c.) 
until the odour of the carbimide disappeared (about 5-5 c.c.); the gum obtained by evaporation 
of the solvent in a vacuum was rubbed. s-Phenylmethylselenourea formed colourless prisms, 
which turned pink and thereafter grey on keeping, m. p. 111° (Found: Se, 36-7. C,H,)N,Se 
requires Se, 37-1%). A suspension of the selenourea (3 g.) in carbon tetrachloride (20 c.c.) 
and chloroform (10 c.c.) was treated with bromine (0-8 c.c. in 2 c.c. of chloroform), hydrogen 
bromide being evolved. The mixture was heated under reflux, and the yellow product dis- 
solved in sulphurous acid. On basification, 1-methylaminobenzselenazole separated as a pink 
crystalline precipitate, which formed colourless needles, m. p. 140°, on recrystallisation from 
benzene (Found : Se, 37-1. C,H,N,Se requires Se, 37-4%). 

Acetylation of 1-Aminobenzselenazole and the Synthesis of 1-Acetamidobenzselenazole.—(i) 
The solution obtained by warming 1l-aminobenzselenazole (1-2 g.) with acetic anhydride (3 c.c.) 
set to a crystalline mass on cooling; the excess of acetic anhydride was destroyed by treatment 
with water. On recrystallisation l-acetamidobenzselenazole was obtained in needles and also 
in thick cubes, m. p. 190° (Found: Se, 32-7. C,H,ON,Se requires Se, 33-05%). The mother- 
liquor furnished a substance of unknown nature, which crystallised in needles, m. p. 130°. 
(ii) Attermpts to prepare labile acetylphenylselenourea by acetylation of phenylselenourea 
with acetic anhydride at 80° (cf. Hugershoff, Joc. cit.) gave s-acetylphenylselenourea, which 
separated from ethyl acetate in light brown plates, m. p. 195° (Found : Se, 32-6. C,H,ON,Se 
requires Se, 32-8%). When a suspension of this (0-9 g.) in carbon tetrachloride (10 c.c.) was 
treated with bromine (0-3 c.c. in 1-5 c.c. of chloroform), and the mixture heated, hydrogen 
bromide was evolved after 3 minutes. Basification of the filtrate from the sulphurous acid 
reduction gave l-acetamidobenzselenazole, m. p. and mixed m. p. with (i) 190°. s-Diphenyl- 
selenourea, obtained by condensation of phenylselenocarbimide and aniline in benzene, crystal- 
lised from alcohol in plates, m. p. 192—194° (to a black liquid which became yellow at 216— 
218°) (Found: Se, 28-4. Calc.: Se, 28-7%). Stolte (loc. cit.) gives m. p. 186°. 

1-Anilinobenzselenazole (I == II1; X = NPh).—Diphenylselenourea (8 g.) in carbon 
tetrachloride (40 c.c.) and chloroform (20 c.c.) was cyclised with bromine (1-8 c.c.), and the 
resulting oil treated with sulphurous acid. 1-Anilinobenzselenazole crystallised from alcohol 
in needles, m. p. 170° (Found: C, 57-3; H, 3-6; Se, 28-7. C,,;H,)N,Se requires C, 57-1; H, 
3-6; Se, 28-9%). The picrate crystallised in yellow needles, m. p. 245° (Found: Se, 15-3. 
C,3Hy)N,Se,C,H,O,N; requires Se, 15-7%). 

Methylation of 1-Anilinobenzselenazole.—A mixture of 1l-anilinobenzselenazole (1 g.), methyl 
alcohol (15 c.c.j, and methyl sulphate (4-3 c.c.) was heated for 2 hours and then boiled with 
aqueous sodium hydroxide (25%). The oil obtained was dissolved in acetone and treated with 
picric acid (1-5 g.). The picrate, which formed yellow needles, m. p. 200°, on recrystallisation 
from acetone and thereafter from benzene, was identified as that of 1-phenylmethylamino- 
benzselenazole by mixed m. p. with the specimen synthesised from 1-thiolbenzselenazole and 
methylaniline (Found: Se, 15-1. C,,H,,N,Se,C,H,O,N, requires Se, 15-3%). The acetone 
mother-liquor on concentration furnished the picrate of 1-phenylimino-2-methyl-1 : 2-dihydro- 
benzselenazole (about 75% of the total picrate), m. p. 172° on recrystallisation (Found: Se, 


15-1%). 
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Synthesis of 1-Phenylmethylaminobenzselenazole.—A mixture of 1-thiolbenzselenazole (0-5 g.) 
and methylaniline (0-3 g.) was heated at 170—180° for 6 hours, hydrogen sulphide being evolved. 
The ethereal extract of the product was washed with aqueous sodium hydroxide, and the gum 
obtained by removal of the ether was dissolved in benzene and converted into the picrate, 
which was undepressed in m. p. by admixture with the specimen obtained from the methylated 
anilino-base. 

A more convenient method than Bauer’s (Ber., 1913, 46, 94) for the preparation of bis-o- 
nitropheny] diselenide is treatment of an alcoholic solution of o-nitropheny] selenocyanate with 
small pieces of sodium; the diselenide is precipitated and on recrystallisation from benzene 
forms brown needles, m. p. 209°. 

Bis-o-aminophenyl diselenide was conveniently prepared by the following modification 
of Bauer’s method : a mixture of the bisnitropheny] diselenide (10 g.), sodium hydrosulphide 
(10 g.), and alcohol (50 c.c.) was heated under reflux for } hour. The solution was diluted with 
water and oxidised with hydrogen peroxide; the precipitated diselenide crystallised from 
alcohol in brown plates, m. p. 80°. 

1-Hydroxybenzselenazole (I == II; X = O).—(i) Condensation of bis-o-aminophenyl di- 
selenide with ethyl chloroformate. The powdered diselenide (8 g.) was treated with ethyl chloro- 
formate (6-5 c.c.), the mixture kept for 10 minutes and then heated on a water-bath, and the 
product recrystallised from alcohol, bis-o-urethanophenyl diselenide being obtained in brown 
needles, m. p. 110° (Found: Se, 32-2. C,gH,.O,N,Se, requires Se, 32-5%). This derivative 
(4 g.) was heated with granulated tin (6 g.) and concentrated hydrochloric acid (30 c.c.) under 
reflux for 20 minutes; the filtered solution, on cooling, deposited 1-hydroxybenzselenazole, 
which crystallised from alcohol in needles, m. p. 140° (Found: C, 42-2; H, 2-7; Se, 39-8. 
C,H,ONSe requires C, 42-4; H, 2-5; Se, 39-9%). 

(ii) Phosgenation of the zinc salt of o-aminoselenophenol. A solution of bis-o-aminophenyl 
diselenide (8 g.) in hot alcohol was treated with concentrated hydrochloric acid (30 c.c.) and 
the mixture was diluted with water (15 c.c.), warmed, treated with zinc dust (8—10 g.), and 
boiled until the precipitated hydrochloride dissolved. The yellow filtrate from the mixture 
was treated with concentrated aqueous sodium acetate; the yellow zinc salt of o-aminoseleno- 
phenol thus obtained became black on keeping. The zinc salt (1-2 g.) was boiled under reflux 
with a 12% solution of carbony] chloride in toluene (20 c.c.) for 2—3 hours, the toluene removed 
by evaporation, and the gummy product extracted with ether. On removal of ether, 0-15 g. 
of 1-hydroxybenzselenazole was obtained, m. p. 138°, which was identified by a mixed m. p. 
determination with the specimen already described. 

(iii) Hydrolysis of 1-chlorobenzselenazole. 1-Aminobenzselenazole (5 g.) in concentrated 
hydrochloric acid (10 c.c.) and water (20 c.c.) was diazotised with sodium nitrite (3 g.), con- 
centrated hydrochloric acid (30 c.c.) added, and the mixture boiled. On distillation in steam, 
1-chlorobenzselenazole passed over as a reddish oil, which was extracted in ether (yield, 2—3%). 
When a solution of this (0-2 g.) in alcohol (15 c.c.) was heated under reflux for 48 hours and 
concentrated, 1-hydroxybenzselenazole was obtained; it was identified by m. p. and mixed 
m. p. determination with the specimen (i). 

Methylation. A solution of 1-hydroxybenzselenazole (1-5 g.) in aqueous sodium hydroxide 
(25%; 13 c.c.) and chloroform (5 c.c.) was treated with methyl sulphate (6-5 c.c.), and after 
20 minutes the mixture was heated on a water-bath for an hour. The oil obtained, after de- 
struction of the excess of methyl sulphate with alkali and removal of chloroform, partly crystal- 
lised in 2 days. On recrystallisation from benzene, 1-keto-2-methyl-1 : 2-dihydrobenzselenazole 
was obtained in thick plates, m. p. 60° (Found: Se, 36-9. C,H,ONSe requires Se, 37-2%). 

Synthesis of 1-Keto-2-methyl-1 : 2-dihydrobenzselenazole—A solution of nitrosoimino-2- 
methyl-1 : 2-dihydrobenzselenazole (1 g.) in xylene (15 c.c.) was heated until it was almost 
colourless. The gum remaining after removal of the xylene was dissolved in benzene and the 
solution was decolorised (charcoal) and concentrated... The oil obtained crystallised after 
2 days, giving thick plates, m. p. 58—60° alone and when mixed with the preceding specimen. 

1-Thiolbenzselenazole (I == II; X = S).—(i) Condensation of nascent o-aminoselenophenol 
with carbon disulphide. Hydrogen sulphide was passed through a mixture of bis-o-nitrophenyl 
diselenide (2 g.), sodium hydrosulphide (5 g.), sodium hydroxide (5 g.), water (50 c.c.), and 
carbon disulphide (10 c.c.), heated under reflux until the diselenide dissolved; heating was 
then continued for an hour. After 12 hours’ cooling, 1-thiolbenzselenazole separated; it crystal- 
lised from alcohol in flat needles, m. p. 159° (Found: C, 39-5; H, 2-4; Se, 36-7. C,H,NSSe 
requires C, 39-2; H, 2-3; Se, 36-9%). 

(ii) Condensation of the zinc salt of o-aminoselenophenol with thiocarbonyl chloride. The zinc 
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salt (0-4 g.) was added to a suspension of thiocarbony] chloride (1 c.c.) in chloroform (15 c.c.) 
and water (20 c.c.), and the mixture shaken at intervals for more than an hour; most of the 
zinc salt had then dissolved. Partial separation of the chloroform layer and evaporation of 
the solvent yielded 1-thiolbenzselenazole, m. p. 159° alone and when mixed with the specimen 
already described. In another experiment, the original solution was evaporated, and the 
residue extracted with hot aqueous alkali; on acidification 1-thiolbenzselenazole was obtained, 
m. p. 159° after recrystallisation. 

(iii) Synthesis from 1-chlorobenzselenazole and sodium hydrosulphide. The solution obtained 
by heating the chloroselenazole with sodium hydrosulphide in alcoholic solution for 2 hours 
was evaporated to dryness. An aqueous extract of the residue on acidification furnished a 
precipitate, which on extraction with alcohol yielded 1-thiolbenzselenazole, m. p. 154°, and 
158° when mixed with the specimen (i). 

Methylation. A solution of 1-thiolbenzselenazole (1-5 g.) in methyl alcohol (10 c.c.) and 
methyl] sulphate (5 c.c.) was heated under reflux for 2 hours and cooled, and the excess of methyl 
sulphate destroyed with aqueous ammonia (d 0-880). After extraction with chloroform and 
washing of the extract with water, a pale yellow oil was obtained, which was dried in a vacuum 
for a fortnight (Found: Se, 34-4. C,H,NSSe requires Se, 346%). An alcoholic solution 
of this gave with aqueous mercuric chloride an addition compound, which crystallised from 
benzene in yellow needles, m. p. 208° (decomp.). 

Synthesis of 1-Thio-2-methyl-1 : 2-dihydrobenzselenazole.—An intimate mixture of 1-keto- 
2-methyl-1 : 2-dihydrobenzselenazole (0-5. g.) and phosphorus pentasulphide (2 g.) was heated 
in an oil-bath at 130—140° for 4 hours, and the product extracted with hot benzene. Removal 
of the benzene yielded a gum, which was dissolved in methyl alcohol; after 2 days, 1-thio-2- 
methyl-1 : 2-dihydrobenzselenazole separated in rhombic crystals, which were crushed on porous 
earthenware and dried in a vacuum; m. p. 80° (Found: Se, 34-4. C,H,NSSe requires Se, 
34-6%). 

a-Naphthaselenazoles. 

1-A mino-a-naphthaselenazole.—1-Bromo-8-naphthylamine hydrochloride (51 g.) in alcohol 
(about 100 c.c.) was treated with a solution of potassium selenocyanate (28 g.) in water (80c.c.) ; 
the mixture was kept for 12 hours and evaporated to dryness on a water-bath. The residue 
was extracted with boiling water and the crystalline salts of the aminoselenazole were basified 
with ammonia. On recrystallisation from alcohol, the selenazole was obtained in lustrous 
plates, m. p. 252° (Found: C, 53-5; H, 3-4; Se, 31-7. C,,H,N,Se requires C, 53-5; H, 3-2; 
Se, 32-0%). The amino-base gradually developed a pink colour. On diazotisation it gave 
a diazonium salt which coupled with «-naphthol, yielding a red azo-dye. The acetyl derivative, 
obtained by treatment with acetic anhydride, separated from alcohol in plates, m. p. 250° 
(Found: Se, 27-2. C,,;H,,ON,Se requires Se, 27-2%). 

Bis-2-amino-a-naphthyl Diselenide—An intimate mixture of 1-amino-«-naphthaselenazole 
(5 g.) and sodium hydroxide (6 g.) was fused by heating in an oil-bath, and the cooled melt was 
extracted with ice-water, leaving a residue of B-naphthylamine. The aqueous alkaline extract 
on exposure to air deposited the diselenide in microscopic needles, which on recrystallisation 
formed brown plates, decomp. about 120° after softening at 80° (Found: Se, 35-3. C,,H,,N,Se, 
requires Se, 35-7%). 

s-Phenyl-B-naphthylselenourea, prepared from §-naphthylamine and phenylselenocarbimide 
in benzene, formed a granular mass, which was purified by extraction with alcohol and benzene ; 
m. p. 174° (Found: Se, 24-1. C,,H,,N,Se requires Se, 24-3%). 

1-A nilino-a-naphthaselenazole-—A suspension of the phenylnaphthylselenourea (3-2 g.) in 
carbon tetrachloride (30 c.c.) and chloroform (10 c.c.) was cyclised with bromine (0-6 c.c. in 
1 c.c. of carbon tetrachloride), and the product treated with sulphurous acid. On basification, 
1-antlino-a-naphthaselenazole was obtained; it separated from ethyl acetate in needles, m. p. 
210° (Found : C, 63-4; H, 3-8; Se, 24-15. C,,H,,N,Se requires C, 63-15; H, 3-7; Se, 24-4%). 
On fusion with sodium hydroxide this base also yielded bis-2-amino-«-naphthy] diselenide and 
6-naphthylamine. 

1-Thiol-a-naphthaselenazole was obtained by heating a mixture of bis-2-amino-a«-naphthyl 
diselenide, sodium hydrosulphide, aqueous sodium hydroxide, and carbon disulphide in a stream 
of hydrogen sulphide. On recrystallisation from alcohol it formed yellow needles, m: p. 228° 
(Found : Se, 29-5. C,,H,NSSe requires Se, 29-9%). 
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415. The Kinetics of the Reaction between Oxygen and Sulphur. Part I. 
Aspects of the Reaction at 240—280°. 


By LEONARD A. SAYCE. 


In the first kinetic study of the oxidation of sulphur to its dioxide, Ewan (Z. physikal. 
Chem., 1895, 16, 315) found that the velocity was proportional to the square root of the 
oxygen pressure, but Bodenstein and Caro (ibid., 1909, 75, 30) considered it to vary 
directly with this pressure and also, roughly, with the surface of liquid sulphur, and con- 
cluded that it was restricted mainly to that surface. Using a flow method, Norrish and 
Rideal (J., 1923, 123, 3202) found that oxidation occurred equally well on the glass walls 
of the vessel and on the surface of liquid sulphur; viz., that the velocity per unit area 
was the same on each of these surfaces. According to them, this pointed “ to the prob- 
ability of a liquid film covering the whole of the glass surface and identical in composition 
with the surface film of the liquid sulphur itself.” They further deduced that above 
0-4 atm. of oxygen the reaction common to both surfaces “‘ proceeds by two distinct 
surface reactions, having definite but different temperature coefficients, one of which 
becomes independent of oxygen pressure at about 0-4 atm. of oxygen, whilst the other 
remains proportional to oxygen pressure up to 1 atm. of oxygen.” 

The last authors’ experiments were repeated with considerable refinements, but the 
results were so discordant as to be quite inconclusive; consequently, a “ static ’’ method 
involving better control of the conditions was adopted, but the difficulty arose that, under 
certain conditions, a reaction occurred during the cooling of the reaction vessel which 
actually produced more sulphur dioxide than was formed during the heating stage. This 
frigescent reaction * was sometimes accompanied by a blue flash. Ultimately, however, 
a method was found which avoided the interference of these phenomena with the measure- 
ment of the products appropriate to the temperature and time of heating. 

The results obtained, whilst contradicting those of Ewan, harmonise with those of later 
workers in so far as they demonstrate the heterogeneity of the reaction. They show, 
however, that Bodenstein and Caro were wrong in supposing the reaction to be restricted to 
liquid sulphur. The reaction upon glass was, however, found to be many times slower 
than that upon liquid sulphur and not, as Norrish and Rideal assert, of similar velocity. 
Similar heats of reaction upon the two surfaces did, nevertheless, suggest a similarity in 
mechanism. 

EXPERIMENTAL. 

The Dynamic Method.—Norrish and Rideal (loc. cit.) passed a stream of air over sulphur 
in a modified Claisen flask at constant temperature, the rate being adjusted by a screw-clip, 
and the oxide in the effluent estimated by iodine. The difficulty of such regulation has been 
commented upon by Aynsley, Pearson, and Robinson (this vol., p. 58), and to avoid it, a semi- 
automatic device, maintaining a constant speed of aspiration, was used. The improved reaction 
vessel of the last authors was adopted, and special precautions were taken to maintain uniform 
bath-temperature. To ensure, as far as possible, equilibrium conditions of surface and con- 
centration, the gas flow was maintained at a constant rate for several hours before measure- 
ments were made. The range of temperature used was 237—308°. Despite precautions, 
about 100 experiments afforded only gravely inconsistent results, from which, by selection, 
a curve similar to that of Norrish and Rideal (loc. cit., Fig. 1) might be constructed; there 
was, however, no reason to believe that it was especially representative of the reaction. The 
evident inconsistency of the dynamic method is in part attributable to the removal of sulphur 
from the heated zone and its fortuitous condensation in the neck of the vessel. This method 
was therefore replaced by a static one carried out in sealed bulbs, whereby differences of tem- 
perature in the system are avoided, and a study of the reactions with both gaseous and liquid 
sulphur is possible, as shown in the reaction of sulphur with hydrogen (Aynsley, Pearson, and 
Robinson, Joc. cit.; Aynsley and Robinson, this vol., p. 351). 

The Static Method.—In these experiments, Pyrex bulbs containing powdered purified 
sulphur (Aynsley and Robinson, Chem. and Ind., 1935, 54, 392) in contact with dry or moist 


* A frigescent reaction is one initiated by cooling. 
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oxygen at pressures between 25 and 760 mm. were heated during 5—125 minutes at temperatures 
between 200° and 280° and subsequently cooled, either rapidly or slowly, by quenching in air, 
cold water, or other media. The product was almost wholly sulphur dioxide, which was deter- 
mined iodometrically; more than a trace of the trioxide was found only in a few exceptional 
cases marked by excessive reaction. For reasons which will become evident later, it will suffice 
to record in detail only the results of experiments carried out in studying the influence of the 
sulphur concentration, and merely to summarise the other results. 
The Influence of Sulphur Concentration.—Air cooling. The results are shown below : 


Temp. 260°; O, pressure 100 mm. at 260°; bulbs cooled in air. 


Period of heating (mins.) 10 10 10 10 15 30 45 10 10 
Wt. of sulphur (mg.) ...... 1°825 2°167 3200 4574 4300 4531 4168 (a) (b) 
SO, formed (mg.) 1-38 1°34 1-39 1°36 1°36 1-57 150 7:20 7°81 


(a) Pool of liquid sulphur 1 cm. diam. 
(d) ” ” ” 2 cm. so 


6-6 Mg. of sulphur give saturated vapour in a 50 c.c. bulb at 260°; below this amount, 7.c., 
in the absence of liquid, the yield of sulphur dioxide appears to be independent of sulphur 
concentration and to be only slightly affected by time of heating. On several occasions, some 
seconds after removal from the heating bath to the air, a blue flash occurred in the bulbs, but 
the effect was unaccompanied by any apparent increase in the yield of sulphur trioxide. 

Rapid cooling. The results obtained are shown below : 


Temp. 260°; O, pressure 100 mm. at 260°; bulbs cooled in cold water. 


Period of heating (mins.) 10 10 20 40 45 45(a) 40(b) 
Wt. of sulphur (mg.) 4-671 4°882 3°443 3°621 3°166 5°195 
SO, formed (mg.) . 0°86 0°86 0°80 1-06 5°90 3°82 


In experiments designated (a) and (b) the bulbs were removed from the bath, cooled in cold 
water, and reheated, the reheating and cooling being repeated three times. No flash was 
a = observed in (a), but (b) showed a faint flash at 
sox the first cooling and a vivid flash at the second 
cooling. In both cases the flash occurred 
o 2. Air cooled approximately 3 seconds after the bulb had 
been immersed, and it appeared to fill the 
bulb. From these results the frigescent re- 
action appears to be largely independent of 
sulphur concentration and time of heating. 

To summarise the results of over 200 
experiments : the frigescent reaction (1) occurs 
when a mixture of sulphur vapour and oxygen 
at 200—280° is cooled rapidly; (2) is greatest when the vessel is cooled in air, less when in 
water or kerosene, and least when the cooling takes several hours; (3) is at a maximum with 
oxygen pressures of 100—300 mm. (Fig. 1); (4) is uninfluenced by the initial temperature 
between 240° and 280°, but falls off rapidly below an initial temperature of 240°, becoming very 
small below 220°; (5) is rather irregular in extent. 

The frigescent reaction, despite its association with chemi-luminescence, appears to differ 
radically from the phosphorescent combustion of sulphur studied by Emeléus (J., 1928, 1942), 
which is inhibited by sulphur dioxide and is apparently a homogeneous reaction, and from the 
low-pressure oxidation studied by Semenoff and Rjabinin (Z. physikal. Chem., 1928, B, 1, 122), 
who initiated it electrically, and by Ritchie and Ludlam (Proc. Roy. Soc., 1932, A, 138, 635), 
who initiated it at hot surfaces. Further, the experimental procedure precluded the catalysing 
effect of traces of ozone. ' 

The New Static Method.—A study of the main reaction evidently required conditions which 
eliminated the frigescent reaction, and after much preliminary work a method was devised 
which attained these fairly successfully. It depends upon the sudden abstraction of the 
reaction products from the heated zone and their rapid cooling. 

The 65 c.c. Pyrex vessel A (Fig. 2) was sealed to a T-piece C, with a thin diaphragm of glass 
D separating A from C. After cleaning and drying, it was charged with sulphur through B, 
which was subsequently constricted close to the bulb and attached to a train for exhaustion 
and filling with oxygen. The oxygen, generated by electrolysis of dilute sulphuric acid, was 
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passed successively over solid caustic potash, hot palladium-asbestos, and phosphoric oxide. 
After exhaustion, the sulphur was distributed as a fine sublimate by suitable heating, the oxygen 
was admitted to an appropriate pressure, and the bulb was sealed off at B. As shown in Fig. 3, 
the vertical arm of the T-piece carried the glass plunger G, held in place by means of wired-on 
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pressure tubing, which formed a gas-tight but slightly flexible joint. The pointed lower end 
of the plunger rested lightly upon the diaphragm D. The horizontal arm, C, of the T-piece 
was connected by way of a constricted tube, J, to a vessel, H (capacity approx. 700 c.c.), which 
was connected to a pump through the constricted tube, K. When ready, bulb A was submerged, 
as shown, in a well-stirred bath of fused alkali nitrates 
maintained at the required temperature. Vessel H was 
thoroughly evacuated and sealed off from the pump at K, 
and at the end of the heating period diaphragm D was 
broken by a smart blow onG; A and H were thus placed 
in communication and reached pressure equilibrium 
almost instantly, about nine-tenths of the gaseous content 
of the former being transferred to the latter, which was 
immediately sealed off at /. 

One of the tips of H was broken under 0-01N-iodine, 
and by back titration with thiosulphate the sulphur 
dioxide present was estimated. Finally, the volumes of 
the bulbs A and H and of the tube connecting them 
(v, V, and v’, respectively) were measured, and the total 
yield of sulphur dioxide calculated from the value of 
X(vt/T + V + v’)/V, where X = mg. of SO, found in 
H, and ¢ and T are the absolute temperatures of H and 
A respectively. The reaction was studied between 240° 
and 280°, since outside these limits it was inconveniently 
slow or fast. 0 

Influence of period of heating. With oxygen and eo ££ 2. ance 
sulphur concentrations constant (180 x 10 g./c.c. and Period of heating (secs.xi0°) 


saturated vapour, respectively) the amount of sulphur 
dioxide produced is proportional to the period of heating (Table I and Fig. 4): every curve 


intersects the ordinate in the neighbourhood of 1 mg. of sulphur dioxide—presumably a vestige 
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TABLE I. 

Temp. 240°. 
Period of heating (secs.) § 1800 2700 
SO, formed (mg.) 1:36 =: 1-89 


Temp. 260°. 
Period of heating (secs.) 300 600 1200 1800 1800 2400 
2°80 3°39 4:12 


SO, formed (mg.) 116 =61°84 
Temp. 280°. 


Period of heating (secs.) 120 360 480 
SO, formed (mg.) 1-76 3°84 83°84 
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of the frigescent reaction survives rapid cooling. This was unavoidable and, since it must be 
allowed for, some measure of it, more accurate than extrapolation of the results of Table I, 
was desirable. A number of bulbs containing various concentrations of oxygen saturated with 
sulphur vapour were therefore heated for one minute at 240°, 260°, and 280°, respectively : 


Temp. 240°. Temp. 260°. Temp. 280°. 
c ~ <a cr = ‘ —_—_—_—__ 
O, concn. (g. 
x10-8/c.c.) 45 90 361 496 631 90 270 451 631 90 361 
SO, formed 
GE eccsccece 0710 0506 0675 0675 0675 0913 0°944 0976 0978 0°740 1°518 








At 240° and 260° the formation of sulphur dioxide is practically independent of oxygen 
concentration, and mean values are taken. At 280°, the influence of the oxygen concentration 
is considerable and corrections were computed for a range of concentrations. These were 
applied to each subsequent observation by deducting one minute from the period of heating 
and the appropriate amount from the sulphur dioxide formed. 


TABLE IIT. 


Temp. 240°; period of heating 5400 secs.; O, concn. 180 x 10-* g./c.c. 
1-120 1305 2-990 3°174 3°390 3-990 4°385 4500 17°820 
17:0 27°7 26°4 26°4 30°9 30°9 30°9 37°8 36°7 
Temp. 260°; period of heating 900 secs.; O, concn. 180 x 10-* g./c.c. 
0433 «400°788 «61-422 1°768 = 2462S 33°6200 37225045 = 5045 
40 57 51 48 158 68 106 192 


5°775 6°865 8453 8530 9°042 29°030 42°590 51°650 62-560 
169 192 199 169 177 177 213 229 


Temp. 280°; period of heating 300 secs.; O, concn. 180 x 10- g./c.c. 


2750 7442 12°300 20°730 71°450 
688 937 895 913 


Influence of concentration of sulphur vapour. The concentration of oxygen still being kept 
constant, that of sulphur was varied on both sides of saturation. Times of heating giving 
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convenient quantities of sulphur dioxide were chosen but, for purposes of comparison, the results 
(Table II, Fig. 5) are given in yields (g. x 10-*) persecond. On the graphs obtained, the vertical 
arrows indicate the amount of sulphur (assumed to be S,) required to maintain saturation at 
the end of the heating period. 

Influence of glass surface. Vessels packed with short lengths of Pyrex tubing were adjusted 
in size to have the same free space. Sufficient sulphur was added to ensure saturation finally, 
but at the same time to avoid a significant surface of liquid. The oxygen concentration em- 
ployed was 180 x 10° g./c.c. The results (Table III and Fig. 6) make it evident that the 
reaction is heterogeneous. 
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TABLE ITI. 


Temp. 260°. 
Glass surface (sq. cm.) 173. 173 =—266 276 276 360 363 451 
SO, formed (g. x 10-®/sec.) 278 334 334 624 511 793 818 1058 
Temp. 280°. 


Glass surface (sq. CM.)........se+00+. 78 370 370 468 
SO, formed (g. x 10-®/sec.) 905 5660 5790 7640 
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Influence of concentration of oxygen. Saturated vapour was used, and the oxygen concen- 
tration was varied. The heating periods, viz., 90 mins. at 240°, 15 mins. at 260°, 5 mins. at 
280°, were adjusted to give convenient yields and, the reaction being heterogeneous, the results 
(see below and Fig. 7) are corrected for surface area, being brought to that for a standard 
65 c.c. bulb. Oxygen concentrations are given in g. x 10-*/c.c., and rates of sulphur dioxide 
formation in g. x 10-*/sec. : 


100 


200 300 
Area of glass(sq.cm). 


Temp. 240°. Temp. 260°. Temp. 280°. 

O, So, O, sO, O, SO, OQ, So, O, sO, O, sO, 
concn. formed. concn. formed. concn. formed. concn. formed. concn. formed. concn. formed. 
45 361 90 67 451 614 45 260 406 2135 
45 361 90 59 451 550 90 511 2250 

451 180 185 496 640 135 666 2855 

451 180 221 496 662 180 905 3260 

451 180 222 541 648 225 1042 3530 
180 541 270 320 541 626 270 1414 4150 
180 541 270 286 541 775 316 1883 631 4340 
270 631 156 361 388 613 808 361 1560 


Influence of surface of liquid sulphur. Two series, at 240° and 260°, with liquid sulphur 
present, showed that the yield of sulphur dioxide depends upon the area of the sulphur surface 
but not upon the mass of sulphur. The results (Table IV and Fig. 8) were therefore unaffected 


TABLE IV. 


Temp. 240°. 
Sulphur surface (sq. CM.) ..........seeeeees 0 3:1 
SO, formed (g. X 10~®/seC.) ...-....0eeeees 40 85 

Temp. 260°. 


Sulphur surface (sq. CM.) ..........+..s0008 0 19 
SO, formed (g. x 10-*/sec.) ............++. 225 322 
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by dissolution of sulphur dioxide in the sulphur. In the computations, allowance was made 
(as shown by broken lines in Fig. 8) for the reduction of the glass surface and of gas space by 
the liquid sulphur. A strong tendency to anomalously high yields of sulphur dioxide invalidated 
a considerable proportion of these series of experiments; but it is evident from Table IV that 
there is a great increase in the yield in the presence of liquid. 
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DISCUSSION. 


It has been shown that the reaction between oxygen and sulphur cannot successfully 
be investigated by a flow method such as that described by Norrish and Rideal (oc. cit.), 
and further, that a simple static method is unsuitable on account of a production, during 
the cooling period, of sulphur dioxide which may actually be in excess of that formed at 
the temperature of the heating bath. The device for the sudden removal of the reaction 
products from the hot zone, thereby reducing the frigescent reaction to small and consistent 
values, has, however, enabled the normal reaction to be investigated. The results still 
showed slight discordance, possibly attributable, since reaction occurs at both the glass 
and the sulphur surface, to variations in the character of the former and error in estimating 
the latter. These uncertainties, however, were minimised by making a large number of 
observations. . 

Anomalously high yields of sulphur dioxide caused much trouble, especially at 280° 
and with packed bulbs, due presumably to the onset of a chain reaction. Sometimes the 
sulphur took fire on heating the bulb, but more often the abnormality was disclosed only 
by an amount of sulphur dioxide so great as to be readily recognisable. 

That the reaction is inappreciably influenced by the presence of its products and the 
consequential change in the concentration of the reactants, is demonstrated by the recti- 
linearity of the graphs of Fig. 5. 
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In the experiments recorded in Table II there was no significant surface of liquid, 
and the curves (Fig. 5) indicate an upper limit of reaction velocity with regard to sulphur. 
The sulphur concentration cannot exceed saturation, beyond which point (shown by the 
arrows) the curves become horizontal. It is those portions to the left of the arrows which 
are here of especial significance. 

The curve for 240° becomes horizontal considerably to the left of the arrow, and in- 
dicates that above approximately 2 mg. of sulphur (0-03 mg. per c.c.) further increase does 
not affect the velocity of reaction. The initial curved portion of the graph may correspond 
to the saturation of the glass surface with sulphur, and if so, it is kept fully reactive even 
by this concentration. 

At 260°, the inflexion of the graph continues almost to the arrow, and results with 
packed bulbs show that the reaction has not lost its strictly heterogeneous character. 
The higher temperature has increased the reaction velocity and also decreased the amount 
of adsorbed sulphur in equilibrium on the glass surface. On both accounts a greater 
concentration of sulphur, attained only at about saturation, is required to maintain the 
glass surface at its full reactivity. 

At 280°, a still greater concentration is necessary, so that even saturated vapour is 
insufficient for full reactivity of the surface. From this cause a falling off of the temperature 
coefficient is anticipated and was in fact found (see below). 

Experiments with packed bulbs (Table III and Fig. 6) showed that the velocities at 
260° and 280° were proportional to glass surface at these temperatures. The distribution 
of the points upon the graphs makes it difficult completely to exclude the possibility of 
a homogeneous component, but, if present, this would lead to intersection of the vertical 
axis, which is absent. Experiments at 240° with packed bulbs were not carried out because 
the reaction had already been shown to be completely heterogeneous at this temperature. 

The graphs relating reaction velocity to oxygen concentration show a rectilinear 
relationship up to approximately 400 x 10 g./c.c. Above this there is, at 280°, a pro- 
nounced acceleration, and a similar, but smaller, effect is shown at 260°, whilst, even at 
240°, there is a tendency in the same direction. Evidently, the reaction undergoes a change 
in character at higher oxygen concentrations and temperatures. Still higher temperatures 
and concentrations are known to cause the reaction to proceed explosively, and the frequent 
occurrence here recorded of anomalously high results is undoubtedly associated with this 
phenomenon. The curvature of the graphs is therefore ascribed to the development of 
a chain reaction, a tendency which is naturally more evident at 280° than below. 

For the rectilinear portions of the graphs, 7.e., where oxygen concentrations are 
0—400 x 10° g./c.c., the heat of activation is 46,430 cals. for the range 240—260° and 
43,930 cals. for 260—280°, and the corresponding temperature coefficients are 2-37 and 2-13 
respectively. The apparent fall in the heat of activation with temperature is believed to be 
due to the partial desorption of sulphur from the glass surface already adumbrated. 

The reaction upon liquid sulphur is approximately 16 times as rapid as that upon 
glass. The full lines (Fig. 8) represent the total reaction, and the broken lines that on the 
glass surface. The full line for 260° represents observed values and gives the velocity of 
reaction as 45-9 x 10°® g./sec./sq. cm. Assuming the temperature coefficient at the 
liquid surface between 240° and 260° to be the same as that for the glass surface reaction, 
viz., 2-37 per 10°, then the velocity on liquid sulphur at 240° becomes 8-2 x 10-8 g./sec./sq. 
cm. This value is used to construct the full-line graph for 240° (Fig. 8), which fits the 
observed points reasonably well. Apparently the heat of activation of the two hetero- 
geneous reactions is approximately the same. The notable difference in their velocities 
mey therefore be due simply to a greater abundance of available sulphur molecules upon 
the liquid surface. 

SUMMARY. 

1. The reaction between oxygen and sulphur has been investigated at 240—280° by 
a static method, since the dynamic method was found unsatisfactory and previous results 
obtained with it were not confirmed. 

2. Between 240° and 280° the reaction occurs only upon surfaces of liquid sulphur 
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and of glass, that upon the former being approximately 16 times as rapid as that upon 
the latter. The existence of these radically different rates is difficult to reconcile with the 
“liquid film ”’ of sulphur upon glass postulated by Norrish and Rideal. The heat of 
activation of the glass surface reaction is 46,430 cals., and the evidence suggests a similar 
value for the sulphur-surface reaction. 

3. The investigation was complicated by a newly observed vigorous reaction which 
occurs in the cooling reactants, and a special technique was necessary to prevent its products 
from vitiating the results of the ordinary thermal reaction. 


The author thanks the Research Committee of Armstrong College for a grant, and acknow- 
ledges the helpful interest and valuable advice of his colleague, Dr. P. L. Robinson, who suggested 
the investigation. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. (Received, August 8th, 1935.] 





416. Experiments on the Direct Esterification of Higher Fatty 
Acids with Glycerol and with Ethylene Glycol. 


By T. P. Hicpitcu and J. G. Rice. 


It is well known (cf. Berthelot, Ann. Chim., 1854, 41, 238) that the higher fatty acids 
can be converted into their glycerol or glycol esters by heating them with either alcohol 
under reduced pressure at a somewhat high temperature (180° upwards), and also that 
the reaction temperature can be lowered to 140—160° if the esterification is catalysed by 
the presence of small proportions of an aromatic sulphonic acid, for example, naphthalene- 
8-sulphonic acid. In this way it is possible to prepare, by heating an excess of the acid 
with either alcohol, triglycerides or diacylated glycols (Bhattacharya and Hilditch, Proc. 
Roy. Soc., 1930, A, 129, 468; J., 1931, 901). 

In studying this reaction further with the object of ascertaining how far it might be 
possible to produce mono- or di-glycerides (especially the former) as the main product, 
we have observed that even in presence of a large excess of glycerol (10 mols. per mol. 
of fatty acid) the product is a mixture in which diglycerides predominate; and, although 
triglycerides are probably only present in small proportions, not much more than 40% 
of the mixed esters consists of monoglycerides. This seems to be the result of the com- 
parative immiscibility of glycerol and the higher fatty acids or their glycerol esters: the 
monoglycerides first formed pass mainly into the fatty acid phase, and production of di- 
or even to some extent of tri-glycerides is favoured even in presence of a large excess of 
glycerol. 

We have found that the yield of monoglycerides can be very much increased by em- 
ploying a medium in which both glycerol and the higher fatty acids are freely soluble. 
The choice of such solvents is somewhat restricted, especially as it is desirable to use one 
which does not boil below about 180° and is at the same time readily removable from the 
products of the reaction. Phenol or cresols fulfil all the required conditions, and in the 
experiments now described phenol was used as solvent, in a quantity equal to the weight 
of fatty acid taken. Under these conditions much higher yields of monoglyceride are 
obtainable, according to the temperature, time of reaction, and the ratio of glycerol to 
fatty acid in the, reaction mixture; in the most favourable circumstances the product 
may contain about 90% of monoglyceride. 

The esterification of lauric, palmitic, stearic, and oleic acids has been studied in this 
way and similar results have been obtained both with glycerol and with ethylene glycol, 
and in presence or absence of a sulphonic acid catalyst. Presence of the latter leads to 
considerable increase in the total yield of esters, but is usually accompanied by some 
diminution in the proportion of monoglyceride in the product. Following a suggestion 
of Professor Smiles, we have replaced naphthalene-f-sulphonic acid as catalyst by Reychler’s 
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camphor-f-sulphonic acid; the latter is definitely more efficient as an esterification catalyst 
in this reaction, and has the further advantage that it leads to much less darkening in 
colour of the products than does the use of naphthalene-f-sulphonic acid. , 

In presence of a solvent (phenol), the amount of esterification, and also the proportion 
of monoglyceride in the resulting esters, is dependent on four factors, namely, the pro- 
portion of glycerol to fatty acid present in the reaction mixture, the quantity of camphor- 
-sulphonic acid used as a catalyst, the temperature of the reaction, and the length of time 
during which the reaction has been allowed to proceed. In general it may be said that 
the greater the proportion of glycerol to fatty acid, the higher is the percentage of mono- 
glyceride obtained. Addition of camphor-$-sulphonic acid increases the yield of mixed 
glycerides but somewhat lowers the percentage of monoglyceride. When the temperature 
of the reaction is increased, the yield of product rises and the percentage of monoglyceride 
falls slightly ; when the time of reaction is prolonged, an increase in yield and a fall in the 
percentage of monoglyceride occur. The percentage of monoglycerides in the products 
of esterification of stearic or oleic acid is less susceptible to variations in the conditions 
of reaction than in the case of the corresponding esters from acids of lower molecular 
weight. 

In similar experiments with ethylene glycol, the results obtained were of the same 
general nature as those for the glycerides; but both the total yield of esters and the pro- 
portion of mono-acylated glycol therein were larger than in experiments with glycerol 
under the same conditions. 

In the glyceride series, it is possible to prepare pure monolaurin or monopalmitin by 
crystallisation from ether at 0°, but the solubilities of the mono- and di-stearins are not 
sufficiently different to enable complete separation to be effected by this means. This 
procedure is unsuitable for the glycol esters, because in this series the di-acylated glycols 
are definitely less soluble in ether than the mono-acylated derivatives. 

Almost exclusive formation of «-monoglycerides takes place in this reaction, as evidenced 
by their behaviour on oxidation with lead tetra-acetate (method of Criegee, Ber., 1931, 
64, 260), and by the melting points of the purified monolaurin and monopalmitin. 


EXPERIMENTAL. 


The fatty acids were prepared (by fractionation of their methyl esters) from the following 
sources: Lauric acid, by repeated fractionation of the methyl esters from coconut oil mixed 
fatty acids; palmitic acid and oleic acid, by lead salt separation of the mixed fatty acids of 
palm oil, followed by suitable refractionation of the methyl] esters of the “ solid ” and “‘ liquid ” 
acids thus obtained (the oleic acid finally produced contained about 10% of linoleic acid, the 
removal of which was considered unnecessary for the purpose of the present experiments) ; 
stearic acid, by hydrogenation of some of the methy] oleate isolated in the preparation of oleic 
acid, and subsequent hydrolysis and crystallisation from alcohol. 

In all experiments the fatty acid (20 g.) was mixed with an equal weight of phenol and the 
appropriate weight of glycerol or ethylene glycol in a round-bottomed flask fitted with a cork 
carrying an inlet tube dipping well below the surface of the liquid and an exit tube connected 
to a reflux air-condenser. _ The flask was heated in an oil-bath maintained at the desired tem- 
perature and during the reaction a gentle current of dry carbon dioxide was passed through 
the flask to effect agitation and to assist in removal of water vapour. At the end of the experi- 
ment, when phenol had been used as solvent, it was removed as far as possible by distillation 
in steam; the non-volatile residue was taken up in ether, unchanged fatty acid removed by 
aqueous potassium carbonate, the ethereal solution washed free from soap with water, and the 
mixture of glycerides or glycol esters freed from solvent, weighed, and analysed. 

Determination of the saponification equivalents of the products was mainly relied upon 
as an indication of their composition. This value is of course insufficient by itself to define 
the composition in terms of mono-, di-, and tri-glycerides, but it serves to give the limits between 
which the proportions of monoglyceride present must lie. Thus, for example, in the case of 
the palmitins (saponification equivalent of monopalmitin 330, dipalmitin 286, tripalmitin 
268-7) a product with a mean equivalent of 304-8 might consist of 45% of mono- and 55% of 
di-palmitin, or of 59% of mono- and 41% of tri-palmitin, or any other mixture between these 
limits; in this case, therefore, the limiting proportions of monopalmitin will be 45—59%. 
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Our results are given in this form throughout, the lower figure indicating that for a mixture 
of mono- and di-glycerides. From the results of oxidations with lead tetra-acetate, it is clear 
that the lower figure approximates nearest to the truth, so that the production of triglyceride 
in these experiments was relatively small. 

In the case of glycol esters, determination of the equivalent alone is of course sufficient 
to define the composition of the product. 

In many cases we also determined the saponification equivalents of the glycerol esters 
after the latter had been acetylated. The resulting data acted as a useful control on those 
obtained from the direct saponification equivalents, but, of course, equally failed to define the 
precise composition of the possible ternary mixture of mono-, di-, and tri-glycerides. 

On the other hand we found that a modification of the method of Criegee (loc. cit.) could 
be used to determine the approximate proportion of «-monoglycerides present in the saturated 
esters. Criegee recommends the use of lead tetra-acetate in glacial acetic acid solution at 
20° for 20 hours, but we find that in the case of «-monoglycerides oxidation at a higher tem- 
perature for a shorter time is necessary in order to obtain approximately quantitative results. 
This is illustrated by the following experiments carried out on a specimen of synthetic «-mono- 
stearin (containing 95% a-monostearin, m. p. 79—79-5°) which had been prepared by the 
method of Fischer, Bergmann, and Barwind (Ber., 1920, 53, 1589) : 


Oxidation of 95°%, «-Monostearin with Lead Tetra-acetate. 


Temp. Time, hours. a-Monostearin (Found, %). 
20° 20 67°8, 67:8 

50 3 89°3 

6 96°8, 95°0, 94:2 

12 102°9, 102°3 


It thus appears that contact of the reagent for 6 hours at 50° gave results closely approximat- 
ing to the known content of «-monostearin, and these conditions were employed in the analysis 
of our esterified products by this method. 

A specimen of synthetic B-monostearin (m. p. 75°) prepared by the method of Bergmann 
and Carter (Z. physiol. Chem., 1930, 191, 214) was also submitted to the lead tetra-acetate 


reagent at 50° for 6 hours (Found: 1-5, 2-0%, calculated as «-monostearin); these results 
showed that the reagent only interacts to a very minor extent with 8-monoglycerides. 

The experimental results obtained under various conditions with glycerol and glycol are 
summarised in the following tables. The amount of glycerol present in each experiment is 


I, Esterification of Glycerol with Fatty Acids. 
Monoglyceride 
Mols. Esterified product. content, %. 
glycerol Camphor- - -— ~ Limits By lead 
per mol. f-sulphonic Time, Sapon. (from tetra- 
acid. acid, %. hours. Temp. Yield, g. M. p. equiv. s.e.). acetate. 
(a) Glycerol and palmitic acid (20 g.) without solvent. 
180° 17°3 54°5° 304°8 45—59 
160 121 55 299°4 34—50 
160 14°4 55 302-0 39—55 
160 15°5 55:5 303°1 42—56 
160 21°3 54:5 305°6 47—60 
160 12°8 55 304°8 45—59 


(b) Glycerol and lauric acid (20 g.) in presence of phenol (20 g.). 

180° 55°5° 274°3 100 
180 54°5 270°6 93—94 
180 53°5 265°9 82—87 
180 53°5 265°3 81—86 
180 53°5 266°5 84—88 
160 54°5 270°2 92—94 
160 53°5 266°3 83—88 
160 54 268°5 88—91 
160 53°5 266°5 84—88 
160 53 264-0 78—84 
160 5§2°5 261°9 73—80 
160 52 257°6 64—73 
140 53°5 265°7 82—87 
120 54 267-0 85—89 
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Monoglyceride 
Mols. Esterified product. content, %. 
glycerol Camphor- - ait ~ Limits By lead 
per mol. £-sulphonic Time, Sapon. (from tetra- 
acid. acid, %. hours. Temp. Yield, g. M. p. equiv. s.e.). acetate. 


(c) Glycerol and palmitic acid (20 g.) in presence of phenol (20 g.). 


180° 10°0 65° 322°1 83—87 86°7 
180 11-1 65 321°8 82—87 83°4 
180 12°2 65 320°5 80—85 82:1 
180 13°0 66 320°3 79—84 84°5 
180 14:0 66 318°8 76—82 79°8 
180 21-0 62°5 315°4 68—76 68°7 
180 21:0 315°1 68—76 67°0 
180 21-0 315°4 68—76 67°8 
160 17°9 ; 324°9 89—92 93°2 
160 11°8 320°3 79—84 82°2 
160 11°4 325°6 91—93 91°3 
160 13°4 320°7 80—85 86°8 
160 18-2 , 320°5 79—85 81°9 
160 18°5 316°4 70—78 . 71:2 
160 20°0 315°5 69—76 72°7 
140 17-0 319°7 78—83 83°9 
120 13°3 322°9 85—89 88-2 
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(d) Glycerol and stearic acid (20 g.) in presence of phenol (20 g.). 


180° 346°9 76—82 
180 346°9 76—82 
180 349°4 82—86 
180 348°4 79—84 
160 348°4 79—84 
160 347°7 78—83 
160 347°9 78—84 
160 346°7 75—81 
140 342°5 67—75 
120 346°7 76—82 
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(e) Glycerol and oleic acid (20 g.) in presence of phenol (20 g.). 


180° 23° 352°4 92—94 
180 23 350°5 88—91 
180 23 349°9 87—90 
180 23 350°3 88—91 
180 21 346°1 79—84 
160 22 348°7 84— 88 
160 21 338°4 62—71 
160 23 353°7 95—96 
160 349°6 86—90 
160 349°1 85—89 
160 345°1 76—82 
160 333°7 52—64 
140 349°9 87—90 
120 351-1 89—92 
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indicated as the number of mols. of glycerol per mol. of fatty acid, and the concentration of 
camphor-f-sulphonic acid catalyst is expressed as a percentage of the weight of fatty acid 
taken. 

(b) The products obtained from glycerol and lauric acid in presence of phenol yielded pure 
a-monolaurin when crystallised from ether. For instance, a mixture (40 g.) which contained 
about 80% of monolaurin yielded, after one crystallisation from ether (250 c.c.), 22 g. of ester, 
m. p. 61°, sapon. equiv. 272-6 (97—-98% monolaurin); a second crystallisation gave the pure 
a-monolaurin, m. p. 62° (cf. Fischer, Bergmann, and Barwind, Joc. cit.). 

(c) A product (40 g.) containing about 75% of monopalmitin was crystallised once from 
ether (300 c.c.) at 0°, «-monopalmitin (20 g., m. p. 75°, sapon. equiv. 330) being obtained. 

(d) Crystallisation of the crude monostearins from ether was less successful than in the 
preceding instances. A product (33 g.) containing about 75% of monostearin yielded, on a 
first crystallisation from ether (400 c.c.), a mixture (24 g., m. p. 78°) which contained about 
85% of monostearin; a further crystallisation only increased the monostearin content to 90% 
(15 g., m. p. 80°). 
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II. Estertfication of Ethylene Glycol with Fatty Acids. 


Ethylene glycol with lauric, palmitic, stearic, or oleic acid (20 g.) in presence of phenol 
(20 g.) 
Mols. 


ethylene Esterified product. 
glycol Camphor- — 

per mol. f-sulphonic Time, Sapon. 

Acid. acid. acid, %. hours. Temp. Yield, g. M.p. equiv. 
Lauric 10 180° 20°0 27°5° 244°5 
180 20°1 27°5 243°4 
180 20°1 27°5 244-4 
180 22°1 47°5 - 300°1 
180 22:1 i 296°3 
180 18-7 290°3 
180 15°5 47 296-4 
180 22:1 297-0 
180 20:2 296°1 
120 18°8 294°5 
180 22:1 . 327°9 
180 22°1 325°7 
180 22-1 ‘ 327°4 
180 21-2 326°8 
180 21-0 325-0 
180 21:2 326°8 
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Without solvent (phenol), ethylene glycol (3 mols.) and palmitic acid (1 mol.), heated at 
180° for 4 hours in presence of 0-1% of-camphor-$-sulphonic acid, gave a product (21-5 g., 
m. p. 48°, sapon. equiv. 289-8) containing 69% of glycol monopalmitate. 

The glycol mono-esters of lauric, palmitic, and stearic acids are more soluble in ether than 
the corresponding di-esters. By removal of successive crops of crystals from an ethereal 
solution, with concurrent concentration of the latter, it was possible to remove all the glycol 
di-esters (together, of course, with much mono-ester), so that the final mother-liquors contained 
only the latter; subsequent crystallisation of the residues from the mother-liquors caused no 
change in melting point, and the equivalents of the purified mono-esters agreed with the 
theoretical values. The melting points of the glycol mono-esters, together with those given 
by Bhattacharya and Hilditch (J., 1931, 901) for the corresponding di-esters, are as follows : 

Ethylene glycol 
mono-ester. _di-ester. 
Laurate 27°5° 49° 


Palmitate 47°5 69 
56 73 


Whereas monoglycerides have higher melting points and are in general less soluble than 
the corresponding diglycerides, the reverse holds for the glycol esters of the higher fatty acids. 
For any of the above three fatty acids, the melting points fall in the following order: «-Mono- 


glyceride > aa’-diglyceride > glycol di-ester > triglyceride > fatty acid > glycol mono-ester ; 
the last-named have much lower melting points than the other members of each series. 


We wish to thank Imperial Chemical Industries, Ltd., for a grant. 
THE UNIveErsity, LIVERPOOL. [Received, October 24th, 1935.] 





417. Optical Activity in Relation to Tautomeric Change. Part V. 
Kinetic Status of Ionic Intermediates in Prototropy. 


By Suinc Kone Hsi, CHRISTOPHER K. INGOLD, and CHRISTOPHER L. WILSON. 


TuIs paper deals with the intimate mechanism of prototropic change, the method of attack 
being a development of that initiated in Part II (Ingold and Wilson, J., 1934, 92). The 
enquiry is directed to determine whether or not catalysed prototropic change involves 
short-lived intermediates, and if so, whether they are of the nature of transition complexes 
or entities with some degree of kinetic stability and independence. These questions are 
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fundamental to any consideration of the relation of the intermediates to the tautomerides, 
and the réle of the former in the interconversion of the latter. 

We shall show that the discussion of these. matters is much assisted if we are able first 
to solve the following special problem. A tautomeride, A, possesses a single centre of 
asymmetry situated at the point of the attachment of the mobile atom. In the associated 
tautomeride, B, a double bond appears in this position so that during the change from A 
to B asymmetry is lost; thus optically active A yields inactive B. It is required to find 
whether the loss of optical activity may occur, either partly or wholly, in any intermediate 
state of the changing system, 7.e., in any state in which there is a finite probability of the 
reaction turning back without completion.* 

A kinetic criterion to decide this question is easily devised. By methods which do not 
depend on optical activity, we can measure the rate of the conversion A> B, and of its 
reverse B——> A. These rate constants determine the speed at which, starting from A, 
the system can traverse a complete cycle through B and return to A. Now, if in the change 
A—-~> B no optical activity is lost in any intermediate state, then A will become racemised 
only through progressive dilution of the original substance with inactive material regener- 
ated from B. Hence the rate of racemisation will always and in principle be equal to 
the independently determinate rate at which the system can traverse the cycle thrqugh B. 
On the other hand, if optical activity can be lost at all in any intermediate state, Z, then 
the shorter cycle via Z becomes available as a route of racemisation. In this case, therefore, 
racemisation will in general proceed more rapidly than would correspond to the deter- 
minable rate of traverse of the cycle via B. How much more rapidly will depend on the 
proportion in which state Z, when formed, passes back into A and forward into B. It is 
qualitatively obvious that, if the former sequel greatly predominated, the opening of the 
cycle through Z would add greatly to the speed. On the other hand, if the latter sequel 
predominated, the route through Z would contribute but little, and the observed speed 
would be only slightly greater than that calculated from the non-optical data. The 
recognition of this limiting case is important, because if the observed and the calculated 
rate agree it becomes necessary to take precautions against mistaking a coincidence of 
accident for one of principle. 

The quantitative expression of these ideas is as follows. Let k, and k, be the non- 
optically observed rate constants and x, . . . x, the (unobservable) constants for the 
reactions connecting state Z with A and B: 

ky as | Ka 
A — B A= 255 
The rate of racemisation in the absence of short-circuiting, 7.¢e., solely by means of the cycle 
which passes through B, is given by the function 


p = (hy + hy)/(age’ + hye). 2 2 2... (R) 


where pe is the fraction of the original optical activity retained in racemisation at time ¢. 
If, however, optical activity is lost at state Z, the rate is 


= (hy + by) lehlof ey + Rye] 2. (RY 


where « is the fraction of material which, having reached the state Z, passes forward into 
the tautomeride B. Evidently «, which is given by « = K,/(K3 + 4), May range from 
zero to unity. In the special case, « = I, 1.¢., if xyS>«3, equation (R’) reduces to (R). 
In the general case, «< 1, that is, if Ky Ky, equation (R’) represents a greater rate of 
racemisation than equation (R). 

We have applied the same principle in an alternative way by measuring, not the racem- 
isation of A, but the mutarotation of the whole system A+ B. The theory of this test 

* The correct term for what we here call “ state’ is extension of configuration. Under the term 
“intermediate state ’’ we include not only intermediate compound (with energy minima in all normal 
co-ordinates) and intermediate complex (with energy maximum in one normal co-ordinate) but also the 
totality of configurations included in any bounded strip of potential ‘‘ surface” extending across the 
reaction track in the configuration-space of the reacting system. 
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is even simpler. It is necessary first to measure by non-optical methods only the rate ot 
the direct reaction A——> B. If no optical activity is lost at any intermediate state in 
which there is a finite probability that the system returns to its original condition without 
first forming B, then the rate of mutarotation will be equal to the rate at which B is formed 
from original molecules of A; that is, it will be equal to the non-optically measured rate 
of the forward reaction. If, however, optical activity is lost in an intermediate state, 
Z, then the rate of mutarotation will be that with which state Z is produced from original 
molecules of A. Since in general only a fraction of the material which reaches state Z 
passes forward into B, the rate of production of Z from original A must be greater than the 
rate of formation of B from original A. It follows that in this case the rate of mutarotation 
will in general be greater than the non-optically measured rate of the change A—~+> B. 
How much greater will depend, as before, on the relative proportions in which material, 

having reached state Z, passes back into A and forward into B. 
In symbols, this amounts to the following. If » is the fraction of the original optical 
activity which is retained in mutarotation in time ¢, then, for the case in which optical 
activity is lost only at B and not inter- 





S f bad 3 mediately, we have 
© 
Ro. B= eft ° ° . ° . (M) 
iY Thus the rate constant for the optical 
§ determination is the same as for the non- 
3 $= optical. If, however, optical activity is 
So: ® Jost in an intermediate state Z, the formula 
a) >» 
& *" becomes 
Ss 
a” paert—etlle | . (M’) 

» eaitl 
a, ; ~ where « has the significance already men- 











tioned. Evidently formula (M’) reduces to 
formula (M) if « = 1, 4.¢., if my. In 
the general case, however, (M’) represents a greater rate of mutarotation than (M). 

The tautomeric system chosen for study was the methyleneazomethine system, 
CH-N:C == C:N-CH, which can be obtained in association with suitable asymmetry and 
convenient rates of interchange in either direction. Appropriate rates and sufficiently 
balanced equilibria are found when at least one aryl group is attached to each end of the 
triad system. The catalyst is sodium ethoxide, and the solvent alcohol or a mixture 
containing alcohol. 

The first example to be studied was the following : 


)EH>CHNC EH) = a cncHcey) (By) 


200 
Time (t, hours). 


In this case the non-optically tae rate constants, k, and kg, were used to calculate 
the rates at which A, should racemise if no optical activity is lost in any intermediate 
state. The observed rate of racemisation was exactly equal to the calculated. 

It was then necessary to decide whether this coincidence was one of principle, or whether 
it arose through the accidental relationship « = 1. Therefore a second example was 
similarly examined : 


ky 
Aa) AE>CHNCCEOGS <= AREDCINCHC EHS (By) 
The result was the same. 

The diagram shows the racemisation-time curves (full line) calculated for A, and 
A, from non-optical data by means of formula (R). The crosses and circles represent 
the polarimeiric observations. The broken curves illustrate the function (R’) for the 
“ average ”’ case Ks = Ky, 1.€., « = 0°5. 

The possibility of a double accidental coincidence is not at once to be set aside, as the 
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following considerations show. According to the ionic theory of tautomerism the inter- 
mediate state, Z, could be identified with ionisation products which are either simply 
solvated or combined with a catalyst. The proportion in which material in the intermediate 
state undergoes change to give A or B would then depend on the relative rates with which 
the mesomeric anion takes up a proton in the two possible positions : 
CHN:C = [H]* + (CnCey MF sg C:N-CH 
If it should be true that the up-take of a proton by the anion is for some reason more facile 
at a carbon atom to which two aryl groups are attached than at the alternative carbon atom 
if this bears only one, then for both the above examples we might find x, > kg, t.e.,a ~ 1. 
Because of this possibility we examined a third example in which the disposition of aryl 
groups with respect to the centre of asymmetry of A is reversed. If the previous results 
are affected by the cause mentioned, then in this case the rate of loss of optical activity 
should be enormously greater than that calculated on the assumption that none disappears 
intermediately. 
The third case, which was studied by the mutarotation method, was the following : 


PheCgHyw 247.47" i C,H ;-- C,H 
(Ag) ‘?) Cog CHEN: yp ‘= GF Cot CINCH 5 (B,) 


The non-optically measured rate constant of the forward reaction was 0-0128 hr.-! under the 
conditions of the comparison. It is derived from measurements of the rate of approach 
to equilibrium and of the equilibrium constant, and is subject to a possible error of about 
5%. The constant for the rate of mutarotation was 0-0122 hr.-!, which is equal to the non- 
optical rate constant to within the error of measurement of the latter (and certainly is not 
greater). 

These three examples are considered to establish with a high degree of probability the 
conclusion that the mechanism of interchange in the tautomeric system studied is such as 
to preclude the possibility of losing optical activity in any reversibly formed intermediate 
state. It is necessary now to consider the significance of this conclusion in relation to 
the more general enquiry concerning the mechanism of tautomeric change. 

As a basis, the ionic theory of prototropy may be adopted, according to which the mobile 
entity is not a hydrogen atom but a proton removed by the catalyst and returned from the 
solvent, the electron distribution in the tautomeric system adjusting itself to suit combin- 
ation in either position. For the methyleneazomethine system we have proved (aside from a 
most improbable series of coincidences) that if the seat of dissociation is asymmetric the 
ionisation products retain enantiomeric identity. Until recently there appeared to be a 
considerable body of experimental evidence which, contrary to any accepted theory, 
favoured the conception of stable asymmetry in a kinetically free mesomeric system : 
the alleged optical activity of some diazo-compounds, and the retention of optical activity 
in the halogenation of a ketone and in the alkali salts of certain nitro-compounds, seemed 
to point in this direction. Most of this evidence has now, however, either been shown 
to be erroneous or explained in a different way, and doubt has been cast on the interpretation 
of what is outstanding. Contemporaneously, the quantum theory of the mesomeric effect 
has, thanks mainly to Pauling, been placed in the simpler cases on a firm basis of calcul- 
ation, without the disclosure of any cause through which the retention of asymmetry in 
a kinetically free system could possibly be explained. Therefore we regard our results 
substantially as a demonstration that the ionisation products of our system do not at any 
period of the interchange become kinetically free; by which we mean that they do not at 
any moment become sufficiently separated from other molecules to permit the change of 
quantisation (mesomeric hybridisation of eigenfunctions) which, if it occurred, would 
destroy asymmetry. 

This conclusion bears directly on a much-discussed question concerning the mechanism 
of tautomeric change in general. In the form in which Ingold, Shoppee, and Thorpe 
(J., 1926, 1477) advanced the ionisation theory of prototropy, the removal of the proton 
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by a base and its return by an acid were regarded as consecutive bimolecular processes, 
A different picture was, however, given by Lowry (J., 1927, 2554), who regarded as simul- 
taneous the extraction and restoration of the proton, the whole reaction being treated as a 
termolecular one involving the base, the substrate, and the acid. This conception is 
consistent with the known kinetics of prototropy because in basic catalysis the solvent, 
which is of constant active mass, can normally function as the auxiliary acid, whilst in acid 
catalysis it can likewise act as the complementary base. A number of authors have 
compared these theories in the light of experimental evidence, and all have decided in favour 
of the bimolecular hypothesis. For instance, Baker (J., 1928, 1583, 1979; 1929, 1205) 
studied the effect of polar substituents on the velocity of prototropic change in certain 
derivatives of glucose, and his results made it almost certain that only the bimolecular 
mechanism operates. Pedersen (J. Physical Chem., 1934, 38, 591) has used Dawson’s 
experiments on the prototropy of acetone as basis for a simple and convincing proof that 
the bimolecular theory applies here also. On account of such demonstrations, and because 
the principal argument by which Lowry supported his termolecular hypothesis has been 
shown to be inconclusive (Baker, “‘ Tautomerism,” p. 191 e¢ seq.), the bimolecular theory 
is now generally accepted. We regard the work described in this paper as the first sub- 
stantial proof that for certain systems Lowry’s theory is nevertheless correct, and that to 
the same extent the bimolecular hypothesis of Ingold, Shoppee, and Thorpe lacks generality. 
Obviously, if the ionisation products are to remain bound throughout the change, the 
restoration of the proton must be commenced before the dismemberment is completed.* 

We may survey the whole position by considering prototropic systems arranged in 
series according to a scale of decreasing acidity, i.e., decreasing relative stability in the 
anion. Such a series of triad systems, for instance, would range from carboxylic acids and 
thio-acids, through simple ketones such as acetone, to unsaturated hydrocarbons and 
azomethines : 


[H}-O-C:0 [H}-O-C:C [H}-C-C:C 


It is a commonplace that the anions of the early members of such a series have kinetic 


independence, and Pedersen has shown that this remains true at least as far along the 
series as the simple ketones; this, then, is the range within which prototropy proceeds by 
the bimolecular mechanism. At the end of the series, however, as we have shown for 
azomethines, the anion does not attain kinetic freedom; this is the region of validity of 
the termolecular mechanism. The problem of exact delimitation remains. 


EXPERIMENTAL. 


dl-Benzhydrylidene-a-phenylethylamine (A,).—Benzophenone dichloride, prepared according 
to Kekulé and Franchimont (Ber., 1872, 5, 908; cf. McKenzie, J., 1896, 69, 987) from benzo- 
phenone and phosphorus pentachloride, had b. p. (uncorr.) 189—190°/21 mm. (yield, 85%). 
It was condensed with a-phenylethylamine by Ingold and Wilson’s method (J., 1933, 1502). 
The product, crystallised twice from light petroleum below 0°, had m. p. 52—53° (yield, 63%) 
(Found: C, 88-4; H, 6-7; N, 5-3. Calc. for C,,H,N: C, 88-4; H, 6-7; N, 4:9%). Hydro- 
lysis by warming for 20 minutes with 20% hydrochloric acid gave benzophenone, identified 
as its 2: 4-dinitrophenylhydrazone (m. p. 237—238°), and a-phenylethylamine, identified as 
its picrate (m. p. 187°). 

d-Benzhydrylidene-a-phenylethylamine (A,).—l-a-Phenylethylamine, « —13-26° (/ 50 mm., 
i 21°, 4 5461), b. p. 184—185°/748 mm., was employed, and d-benzhydrylidene-a-phenylethyl- 
amine, b. p. 182°/3 mm., was obtained as a viscid liquid which could not be crystallised (Found : 
C, 88-1; H, 6-7; N, 43%). Hydrolysis with 20% aqueous hydrochloric acid gave a-phenyl- 
ethylamine having « — 14-53° (/ 50 mm., ¢ 21°, 4 5461), which is a higher rotation than that of 
the base employed in the condensation (cf. Ingold and Wilson, Joc. cit., p. 1503). 

2: 4-Dinitrophenylhydrazones of Acetophenone and Benzophenone.—These were prepared 


* As elucidated in the well-known discussion of Trautz and Bodenstein, a termolecular process is a 
limit of rapidly consecutive bimolecular reactions. In adopting Lowry’s mechanism, we generalise it 
slightly by refusing to imply that there is mo separation in time between the proton transfers. There- 
fore it is only in rather a loose sense that the term termolecular can be applied to our version of the 
mechanism. 
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according to the existing literature (Brady, J., 1931, 757; Allen, J. Amer. Chem. Soc., 1930, 
52, 2955; Purgatti, Gazzetta, 1894, 24, I, 555). The former separated from alcohol in orange 
needles, m. p. 237—237-5° (Found: C, 55-3; H, 4:0; N, 18-7. Calc.: C, 56-0; H, 4-0; N, 
18-7%), and from xylene in crimson prisms. The latter separated from alcohol in brownish- 
red plates, m. p. 237-5—238° (Found: C, 62-9; H, 3-9; N, 15-5. Calc.: C, 63-0; H, 3-9; N, 
15-5%), and from xylene in microscopic orange crystals. The solubilities of the two compounds 
in ethyl alcohol at 25° were 0-0061 and 0-0074 g./100 c.c. respectively. 

Fusion diagram of mixtures of the two 2: 4-dinitrophenylhydrazones. Mixtures of the two 
compounds had the following m. p.’s, the temperatures being those at which the substance 


became perfectly clear : 
20 40 60 80 100 
237°5° 225°3° 213-0° 217-0° 227°1° 237°3° 
(X = Acetophenone-2 : 4-dinitrophenylhydrazone.) 


All m. p.’s were determined in the same apparatus and are therefore not corrected. The diagram 
representing these figures consists of two straight lines, showing a eutectic point for a mixture, 
m. p. 210°, containing 45-3% of X. 

Isomerisation of dl-Benzhydrylidene-a-phenylethylamine (A,).—In view of the difficulty of 
preparing the isomeric Schiff’s base, «-phenylethylidene-benzhydrylamine, in a state of purity, 
the attainment of tautomeric equilibrium was followed beginning with benzhydrylidene-a- 
phenylethylamine. © This (0-1 g.) was heated with 1-33N-sodium ethoxide solution (5 c.c.) for 
various periods of time in small sealed glass bulbs immersed in a thermostat at 85-0°. The 
dry alcohol for the catalyst solution was prepared by use of magnesium (Lund and Bjerrum, 
Ber., 1931, 64, 210). The product was isolated by pouring into water and extraction with ether. 
The extract, after being dried (sodium sulphate), was evaporated, and the dry solid residue was 
dissolved in alcohol and treated with slight excess of a solution of 2 : 4-dinitrophenylhydrazine in 
alcoholic sulphuric acid (cf. Brady, Joc. cit.). After being boiled for 45 minutes, the mixture 
was kept for 12 hours, and the precipitated 2 : 4-dinitrophenylhydrazones were collected on 
a filter of sintered glass, washed with a small known volume of alcohol, dried at 110°, and weighed. 

The composition of the mixed dinitrophenylhydrazones was determined from the m. p. under 
conditions already defined, and also by analysis, the carbon contents of the two dinitrophenyl- 
hydrazones being sufficiently separated for this purpose (53-3 and 62-9% for acetophenone 
and benzophenone derivatives respectively). The two methods gave results in good agree- 
ment, and the rate constants were calculated from the means of the compositions obtained by 
the two methods, an appropriate correction being applied for the solubility of the compounds 
in the ethyl alcohol used in their preparation. The data are recorded below : 


Conversion (%). 
A. 





‘ 


Uncorr. for solubility. Corr. 





Time (hrs.). .p. Analysis. Mean. Mean. 
91°8 , 11°9 12°1 14°5 
167°0 : 18°5 19°2 20°8 
240°0 j 23°5 24°4 25°7 
317°0 . 26°4 26°9 28-0 
730°0 : 30°4 30°8 32-0 — 
820°0 , 31°3 311 32°0 — 


The velocity constants are those of the approach to equilibrium, k = k, + ky, the 
equilibrium constant being given by the last two determinations of composition. Hence 
k= kh, + kg = 000655 hr, and K = k,/k, = 0-47; wherefore k, = 0-00209 hr." and 
k, = 0-00446 hr.-', the sense of k, and k, being as on p. 1780. 

Racemisation of d-Benzhydrylidene-a-phenylethylamine (A,).—The Schiff’s base was heated for 
various periods of time under the conditions employed in the investigation of the tautomeric 
change. The mixture of the isomerides was isolated and hydrolysed as described above for 
the separate individuals, the ketones being removed from the acid solution by means of ether. 
The aqueous layer was basified with potassium hydroxide and extracted with ether, the 
extract dried over anhydrous potassium carbonate and distilled (water-bath) under reduced 
pressure (<1 1mm.). The «-phenylethylamine, which could thus be separated sharply from the 
benzhydrylamine, was collected with the neglect of small head and tail fractions, and examined 
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polarimetrically. The results are in the following table, line 3 of which gives the temperature 
at which the observations of rotation in line 2 were made (/ 50 mm., 4 5461). The last line 
contains the ratios p of the original activity retained after times ¢. 


Time, ¢ (hrs.) .........c000.000 0 63 111 218 330 

Rotation (a) ... 53° 14-02° 13-70° 11-78° 9-98° 

T 21° 20° 22° 21° 
0-975 0-945 0°810 0-689 


dl-p-Phenylbenzhydrylamine.—Condensation of benzoyl chloride with diphenyl in carbon 
disulphide solution in the presence of aluminium chloride (Montagne, Rec. trav. chim., 1908, 
27, 357; Wolf, Ber., 1881, 14, 2031; Perrier, Compt. rend., 1893, 116, 1299) gave p-pheny]l- 
benzophenone in 60% yield, b. p. 413°/758 mm., m. p. 99°, and, after recrystallisation from ethyl 
alcohol, 102° (Montagne gives m. p. 102°, b. p. 419—420°/774 mm.; Perrier gives m. p. 106°). 
The oxime, prepared by Koller’s method (Monatsh., 1891, 12, 502) and crystallised twice from 
alcohol, had m. p. 186—187° (Koller gives 193—194°). It was reduced in ethyl-alcoholic solution 
by means of 2-5% sodium amalgam (cf. Montagne, Joc. ctt.), the mixture being maintained 
slightly acid by occasional addition of acetic acid. (Amalgam prepared in an iron vessel was 
ineffective; our amalgam was prepared under paraffin in a porcelain dish.) After distillation 
of most of the alcohol, the acetate of the base was precipitated by addition of water, and the 
base was liberated by ammonia. Crystallised from dry ether, it formed needles, m. p. 77° 
(yield, about 50%); it gave an intense violet solution in concentrated sulphuric acid. 

dl-Benzylidene-p-phenylbenzhydrylamine (A;).—Benzaldehyde (1 mol.) and p-phenylbenz- 
hydrylamine (1 mol.) reacted completely on being heated together at 100° for 5 minutes. The 
product, crystallised twice from ethyl alcohol, formed needles, m. p. 125—133° (Found: C, 
89-6; H, 6-2; N, 4-4. C,,H,,N requires C, 89-9; H, 6-1; N, 4-0%), and further crystallisation 
from light petroleum gave small prisms, m. p. 133—134° (Found: C, 89-9; H, 6-3; N, 4-3%). 
Hydrolysis, by warming with 2N-hydrochloric acid, resolved the Schiff’s base into its compon- 
ents; benzaldehyde was identified as its 2: 4-dinitrophenylhydrazone, m. p. 237—238°, and 
p-phenylbenzhydrylamine as its acetate, m. p. 161°. 

p-Phenylbenzhydrylidene-benzylamine (B,).—p-Phenylbenzophenone and benzylamine failed 
to react at 150°, even in the presence of anhydrous zinc chloride or fused sodium acetate. The 
Schiff’s base was, however, obtained as follows : -Phenylbenzophenone dichloride was prepared 
by heating the ketone (30 g.) with a slight excess of phosphorus pentachloride to 170—180° 
for 6 hours and distilling the product. The dichloride, b. p. 188—195°/1 mm., a liquid which 
subsequently solidified (yield 65%), was heated at 100° with freshly distilled benzylamine 
(3-5 mols.) for 5 minutes. The Schiff’s base, isolated in the usual manner by addition of water, 
extraction with ether, and removal of excess benzylamine by repeated shaking of the ethereal 
extract with 2% aqueous acetic acid, separated from light petroleum as long colourless needles, 
m. p. 90—91° (Found: C, 89-7; H, 6-2; N, 4:1. C,,H,,N requires C, 89-9; H, 6-1; N, 4-0%). 
Hydrolysis with 2N-aqueous hydrochloric acid gave p-phenylbenzophenone (2 : 4-dinitrophenyl- 
hydrazone, m. p. 217—217-5°) and benzylamine (benzoyl derivative, m. p. 105°). 

Optical Resolution of p-Phenylbenzhydrylamine.—The resolution of the base proved unusually 
tedious. Many attempts by crystallising the /-quinate, /-malate, and hydrogen malate from 
ethyl or methyl alcohol were unsuccessful. Partial resolution was effected by fractional 
crystallisation of the d-camphor-10-sulphonate and d-bromocamphor-10-sulphonate from either 
methyl or ethyl alcohol. The latter salt was inconveniently soluble. Repeated crystallis- 
ation of the former gave a very small yield of a base having [«]?” + 10-0° (in ether). Better 
results were obtained by the use of d-tartaric acid. A solution of the base in 40 times its weight 
of cold 95% alcohol was mixed with an equivalent amount (for the formation of the hydrogen 
tartrate) of a solution of tartaric acid (1 part) in water (3 parts) and 95% alcohol (50 parts). 
After 12 hours, the separated salt was collected, the base liberated by treatment with ammonia, 
and used in a repetition of the above process. The separation of the salt became more rapid 
in successive cycles, and after four such operations the base was optically pure. It separated 
from dry ether in glistening leaflets, m. p. 78°, [a]? + 22° (1 g. in 40 c.c. of ether), + 16-5° 
(1 g. in 52 c.c. of 1 : 4-dioxan); the yield of d-base was 15% of the weight of di-base employed. 

d-Benzylidene-p-phenylbenzhydrylamine (A,).—The condensation was effected as before, and 
the product, twice crystallised from light petroleum, formed needles, m. p. 133°, [a]? + 3-0° (0-5 
g. in 32 c.c. dioxan) (Found: C, 89-6; H, 6-3; N, 4:1. C,,H,,N requires C, 89-9; H, 6-1; 
N, 4:0%). 
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Analysis of Mixtures of (A;) and (B,).—The m. p.’s of mixtures of the compounds are as 


follows : 
20 40 50 60 80 100 
90°5° 93°0° 108°3° 113°5° 118°5° 127°5° 134°0° 


The fusion diagram is not of the usual type, and since the m.p.’s were somewhat ill-defined, 
recourse was had to the dinitrophenylhydrazone method already described (p. 1783). p-Phenyl- 
benzophenone-2 : 4-dinitrophenylhydrazone formed microscopic orange prisms, m. p. 217—217-5° 
(crude) (Found: C, 68-2; H, 4:3; N, 12-6. C,;H,,0,N, requires C, 68-5; H, 4-1; N, 128%). 
Benzaldehyde-2 : 4-dinitrophenylhydrazone formed minute orange crystals, m. p. 237—238° 
(crude) (Found : C, 54-3; H, 3-4; N, 19-8. Calc.: C, 54-5; H, 3-5; N, 19-6%). Mixtures of 
the two dinitrophenylhydrazones had the following m. p.’s : 


0 20 40 50 60 70 80 90 100 
237°8° 230°4° 220°1° 213°5° 204°8° 198°0° 205°8° 214:3° 217°3° 


(X = p-phenylbenzophenone-?2 : 4-dinitrophenylhydrazone.) 


The graph of these figures is a two-branch curve giving a eutectic at the composition X = 68-0%, 
and m. p. 195-6°. 

Isomerisation of dl-p-Phenylbenzhydrylidene-benzylamine (B,).—The Schiff’s base (0-2 g.) was 
maintained at 25° in a small, sealed, Monax-glass bulb with a 0-1N-solution (3 c.c.) of sodium 
ethoxide in a mixture of dry ethyl alcohol (57-4% by vol.) and sodium-dried 1 : 4-dioxan (42-6%). 
The reaction was arrested by adding water, and the mixed Schiff’s bases were isolated and con- 
verted into the 2 : 4-dinitrophenylhydrazones in the manner described on p. 1783. Both thermal 
and ultimate analysis were applied as before. The solubility correction was determined from 
the thermally estimated change in composition which resulted when a mixture of the two 
hydrazones was treated with a known volume of alcohol until saturated with respect to each 
component. A number of such experiments led to the following results : 


Conversion (%). 


— = 
a] 


Uncorr. for solubility. Corr. 








Time (hrs.). M. p. Analysis. Mean. Mean. k (hr.-). 
15 13° 12°6 13-0 13-7 0-0243 
24 17° 16°7 17°1 17°8 0°0222 
40 25° 24°6 25°0 25°9 0°0223 
68 34: 33°2 33°8 34°5 0°0224 
144 42° 42°9 42°5 43°8 —- 
150 42° 42°9 42°5 43°8 ~- 


From these data k = k, + kg = 0-0228, and K = k,/k, = 1-28, wherefore k, = 0-0128 and 
k, = 0-0100, where these constants apply as on p. 1781. 

Mutarotation of d-Benzylidene-p-phenylbenzhydrylamine (As).—The Schiff’s base, [«]}” +: 3-0° 
(0-5 g. in 32 c.c. of dioxan), was dissolved in the catalyst solution (1 g. in 15 c.c.), and the 
mutarotation was followed in a 2-dm. jacketed tube maintained 25-0°. The results are given 
below, « being the rotation at A = 5893. 
$(hrs.) ... © 1-0 3:0 6°5 9°0 18-0 23°5 27°5 31°0 
@ cesvcccccece O5S° 0°525° 0°515° 0°495° 0°485° 0°44° 0°40° 0°38° 0°37° 
t (hrs.) ... 41°0 48°0 53°0 65°5 70°5 78°0 91:0 105-0 117 

0°31° 0°285° 0°24° 0°23° 0°20° 0°18° 0°14° 0°13° 
The graph obtained by plotting log,, « against ¢ is a straight line, the slope of which, divided 
by — 2-303, gives the unimolecular velocity constant k,, = 0-0122 hr.-. 
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418. The Constitution of Some Additive Compounds of 
Tertiary Phosphines. 


By W. CuLe Davies and (in part) W. P. WALTERs. 


CoMPARISON of the ease of isolation of the compounds of carbon disulphide with nuclear- 
substituted aryldialkylphosphines leads to an anomalous series for the effects of the substit- 
uents (Czimatis, Ber., 1882, 15, 2014; Michaelis and Schenk, Annalen, 1890, 260, 1; Davies 
and Morris, Bull. Soc. chim., 1933, 58, 980). The effects of substitution on the stabilities 
of the compounds, now obtained by a quantitative method, give a series of substituents 
consistent with the usual electronic series. 

The compounds lose carbon disulphide in the air and the system is found experimentally 
to be univariant, so dissociation pressures at various temperatures can be measured and, 
hence, stabilities compared. 

The following equation represents the dissociation of the solid additive compound : 


R’R,P,CS, == CS, + R’R,P = R’R,P 
(solid) (gas) (liquid) (vapour) 
Under the conditions of measurement employed (10—100° ; 1—200 mm.), carbon disulphide 
is gaseous, and, in the general case, the phosphine exerts a measurable vapour pressure. 
On the assumptions that the vapour of the additive compound is completely dissociated 
(the vapour is not coloured, whereas the solid is intensely coloured) and that the mixture of 
carbon disulphide and phosphine vapour obeys the gas laws, the system is clearly uni- 
variant. There should be a fixed pressure of carbon disulphide over the dissociating 
compound at each temperature, and the total dissociation pressure measured is the sum of 
the pressures of carbon disulphide and the vapour of the phosphine. The effect on the 
dissociation pressure of the solubility of the additive compound in the liquid phosphine 
has been ignored. Determinations were not made in the temperature region just below 
the melting point of the additive compound. 

The empirical index of stability may be obtained as follows. The stability of the carbon 
disulphide compound of phenyldimethylphosphine is taken as unity; that of any other 
compound is then obtained by comparing the temperatures at which the dissociation pres- 
sures of the latter and of the standard become 50 mm. In Table I the additive compounds 
of the dimethyl- and the diethyl-phosphines are given in order of stability. It will be seen 
that with one exception the m. p.’s of the compounds run parallel to the stabilities in the 
two groups of compounds. Generally, the colour of the standard substance is deepened or 
brightened by nuclear substituents and by change to a diethylphosphine. 


TABLE I. 


Stabilities, Melting Points, and Colours of Addition Compounds with Carbon Disulphide. 


Empirical M_° p. Empirical M. p. 
index of (sealed index of (sealed 
stability. tube). Colour.* stability. tube). Colour.* 
A. Substituted phenyldimethylphosphines. B. Substituted phenyldiethylphosphines. 
1°34 119° Deep orange p-NMe, ... 1°27 103° Deep orange 
lll 118 Light brown p-OPh 0°77 69° Brown 
102 Terracotta p-Me 55 Chocolate 
88 Salmon-pink (Unsub.) ... . 45 Brown 
96 Orange tT P -— —- 
: 715 oo 
2:4: 6-Me, 0°55 46 — 
* The colour given is that of the finely powdered substance. In solution in the presence of excess 
of carbon disulphide the colour is invariably deep red. 
t The additive compound was obtained as a solid which was too unstable to be used in the present 
experiments. 


These results show that the following factors affect the stabilities of the additive 
compounds. 
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(i) Nuclear substituents in the p-position. These substituents should exhibit polar and 
not steric effects. Reference to Table I shows that the stability of the compound is in- 
creased by an electron-releasing group (p-Me) and diminished by an electron-attracting 
group (p-Br). It may be concluded, therefore, that the reaction between a tertiary phos- 
phine and carbon disulphide is one requiring electron-accession to the side chain (point of 
attack). The phosphine is the donor molecule, so the co-ordination formula R,P <—S:C'S 
is impossible. Czimatis’s conclusion (loc. cit.) that the reactivity of an aryldialkylphosphine 
towards carbon disulphide decreased with an increase in weight of the aryl group cannot be 
accepted. 

(ii) Nuclear substituents in the o-position. Comparison of the carbon disulphide com- 
pounds of #-tolyl-, p-xylyl-, and 2 : 4 : 6-trimethylphenyl-dimethylphosphines shows that 
the introduction of o-methyl groups decreases the stability. This result is consistent 
with theories of steric hindrance. 

(iii) Change from aryldimethyl- to aryldiethyl-phosphine. This substitution considerably 
depresses the stability of the additive compound. Such a result is contrary to expect- 
ation if the polar effects alone of the alkyl groups are considered. Here, as in (ii), stereo- 
chemical, rather than polar, effects determine the stabilities of the additive compounds. 

Hantzsch and Hibbert’s cyclic formula (I) (Ber., 1907, 40, 1508) for the additive com- 
pounds of carbon disulphide and tertiary phosphines has been criticised by Davies and 
Morris (loc. cit.) on the grounds that it involves quinquecovalent phosphorus, for which it 
is difficult to assign a space structure. The co-ordination formula (II) is improbable, 
because the acceptor atom, sulphur, obtains a decet of electrons, four of which are unshared. 


. fe Ws > 
RP R,P—>SiC'S: R;P—C 
-S 


(I.) (II.) (III.) 


Such a valency group never occurs unless the unshared electrons become inert, and sulphur 
is too light an element to have inert pairs (Sidgwick and Bowen, Ann. Reports, 1931, 28, 
400). An inner-salt formula (III) best explains the formation and properties of the additive 
compound. Moreover, this type of formula can be applied without exception to other 
similar additive compounds of tertiary phosphines. 

The following is the mechanism of the formation of the compound. In carbon disul- 
phide there is the possibility of an electron deficiency at the carbon atom. Co-ordination 
of the lone pair of the phosphorus atom then occurs with the depleted octet of the carbon 


atom : 

ae 
neal 
R,P—C 


| 
S 


It will be seen that the negative charge may be distrib:ted to either sulphur atom, yielding 
two forms involving resonance. This would account for the intense colour of the additive 
compound. 

The phosphine-carbon disulphide compounds, unlike the phosphorus betaines, are 
insoluble in water. They are sparingly soluble in benzene, but soluble in alcohol, acetone, 
and hydrochloric acid. In the latter a colourless salt, SH-CS:PR;}Cl, is formed. The 
distance apart of the bound ions in the betaine is greater than in the addition compound. 


a A <6- 
(IV.) No% hoe (V.) 
R,Pt R,P* 


Rotation of the group S:C-S about the C-P link in the latter compound does not affect the 
distance apart of the bound ions (see IV). On the other hand, the distance apart of the 
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bound ions in the betaine can be increased from that in the most favoured position (V) by 


rotation of the group 0:C-0 about the C-C link. Such rotation will occur, if necessary, 
under the influence of an attacking reagent, water or hydrochloric acid. For these reasons 
the betaine is soluble in water and strongly basic, whilst the phosphine—carbon disulphide 
compound is insoluble in water and feebly basic. 

It is unnecessary to assume that, because a tertiary phosphine sulphide may readily be 
obtained from the addition coinpound, ¢.g., by heating with water in a sealed tube (Hof- 
mann, Phil. Trans., 1860, 150, 409) or with anhydrous fatty acids (Hantzsch and Hibbert, 
loc. cit.), the phosphorus atom in the additive compound is linked directly to the sulphur 
atom. Most probably, dissociation of the compound into its generators takes place, 
followed by decomposition of the liberated carbon disulphide, yielding sulphur which then 
combines with the free phosphine. The great affinity of sulphur for a tertiary phosphine 
is demonstrated on p. 1792. 

Inner-salt formule can be given to the phosphine compounds of p-benzoquinone (VI), 
which have now been made, of organic thiocarbimides (VII) (Hofmann, Joc. cit.), and of 
diphenylketen (VIII) (Staudinger and Meyer, Helv. Chim. Acta, 1919, 2,612). These com- 
pounds are crystalline substances, insoluble in water, but soluble in hydrochloric acid. 


i Me 
+ — 
R,P. H:CH . 
eG :0 Te a To a R+>C,H, | ad ‘C,.H,>R’ 
CH:CH | 

(VI.) (VII.) (VIII.) Me 2 (IX.) 


The negative charge can only be transferred to one atom. This may account for the feebler 
colour, cream or pale yellow, of these compounds. 

It has already been shown that the reaction between cohen disulphide and a nuclear- 
substituted aryldialkylphosphine was favoured by electron-accession towards the phos- 
phorus atom. By considering the arylthiocarbimides as substituted carbon disulphides, 
it is to be expected, therefore, that the reaction between a phosphine and a nuclear-substit- 
uted arylthiocarbimide would be facilitated by electron-recession from the point of attack 
(see IX). This conclusion has now been verified. 

To be capable of forming with tertiary phosphines additive products of the type under 
discussion, a compound must possess a carbon atom situated in a conjugated system, 
such as in carbon disulphide or #-benzoquinone, with such atoms or groups which would 
lead to electron-deficiency at that carbon. The thiocarbonyl group alone is insufficient, 
and dimethyl-y-pyrone does not combine with a phosphine. There is no evidence of 
combination of triethylphosphine with carbon dioxide, even at low temperature, doubtless 
because of the weaker electronic effects of the carbonyl than of the thiocarbonyl group. 
For a similar reason, phenylcarbimide does not form an additive compound with a 
phosphine. 

The reactivity of the tertiary bases of the elements of Group Vd is in the order phos- 
phine>arsine> amine (Davies and Lewis, J., 1934, 1599), which explains why amines and 
arsines do not combine with carbon disulphide; ¢.g., triethylarsine does not react with 
carbon disulphide even at low temperature. #-Benzoquinone with certain tertiary 
amines yields compounds to which Bennett and Willis (J., 1929, 256) have given inner-salt 
formulz. Whereas, however, the reaction of p-benzoquinone with an amine is slow, that 
with a phosphine is violent and almost instantaneous. 


EXPERIMENTAL. 


Dissociation Pressure Measurements (with W. P. WALTERs).—The static isoteniscope (Smith 
and Menzies, J]. Amer. Chem. Soc., 1910, 32, 1412) was used with a modified procedure to suit the 
present compounds. The pressure in a system connected to an accurately constructed pressure 
gauge was adjusted by admission of air or by suction to be equal to the pressure exerted by the 
substance contained in a bulb, which was separated from the main system by a U-tube of mercury 
as confining liquid. Equality of pressure was indicated by the surfaces of the mercury in the 
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limbs of the U-tube being in the same horizontal plane, observation being made with a travelling 
microscope. The bulb and U-tube were immersed in a vigorously stirred water-bath, of which 
the temperature was thermostatically controlled. Instead of ‘‘ boiling out ” the air in the bulb, 
as recommended by Smith and Menzies, the whole apparatus was completely evacuated at a 
temperature where the pressure exerted by the substance was negligible. During this operation, 
the confining liquid was manipulated from the U-tube into a side-tube. The temperature was 
then raised so that the dissociation pressure of the substance was about 5 mm., and the whole 
apparatus again evacuated. Finally, the confining liquid was run back into the U-tube. 
Complete absence of air was thus ensured. Readings of dissociation pressures at various tem- 
peratures up to 100° were then taken. 

It was shown in an experiment with one of the additive compounds that dissociation-pressure 
readings taken following a moderately long second evacuation agreed with those following a 
prolonged evacuation which produced considerable free phosphine. Care was always taken that 
sufficient liquid phosphine was present to saturate the gaseous phase with its vapour. 

For measurements of the vapour pressures of tertiary phosphines, the second evacuation was 
carried out at 100°. A reading was taken at this temperature, followed by other observations 
at lower temperatures. 

Tertiary Phosphines.—Aryldialkylphosphines were prepared by interaction of methyl- or 
ethyl-magnesium halides with aryldichlorophosphines. The latter were prepared by the method 
of Michaelis (Ber., 1879, 12, 1009), but whereas phenyl-, p-tolyl-, and p-methoxyphenyl-dichloro- 
phosphines were isolated by Griittner and Wiernik’s distillation method (Ber., 1915, 48, 1473), 
it was found better to isolate the ~-xylyl, p-bromophenyl, p-phenoxyphenyl, and p-dimethyl- 
aminophenyl compounds by an extraction method (Davies, this vol., p. 462). 

Additive Compounds with Carbon Disulphide.—The following general method was adopted 
for the preparation of these compounds. A solution of 1-5 c.c. of purified carbon disulphide in 
3 c.c. of pure dry benzene was added at once to a solution of 1 c.c. of the tertiary phosphine 
in 5 c.c. of benzene. A deep red coloration immediately appeared. In some cases (reactive 
phosphines) the whole solidified to a crystalline mass, but in others (less reactive phosphines), 
cooling to — 10° caused the separation of the solid additive compound. The compound was 
collected on a filter, washed with 5 c.c. of benzene—carbon disulphide (4 : 1), and transferred to a 
porous plate, where it was rapidly pressed out and finely pulverised. During the last operation, 
carbon disulphide vapour was allowed to pour down over the compound. The bulb of the iso- 
teniscope was quickly charged with about 0-3 g. of the powder, and then sealed to the iso- 
teniscope U-tube, which was finally attached to the main system and pressure gauge. 

On no account should the mixture be heated during the preparation. Recrystallisation is 
only possible from moderately hot solutions in alcohol or acetone containing excess of carbon 
disulphide. Even then it is unsatisfactory, except for triethylphosphine—-carbon disulphide 
which is relatively stable. 

Analysis.—The instability of some of the additive compounds made desirable a method of 
analysis in which exposure to the air was reduced toa minimum. About 0-1 g. of the substance, 
immediately after it had been powdered, was transferred to a weighed test-tube with a con- 
stricted neck, which was then sealed. The sealed tube was reweighed, and broken under a mix- 
ture of 10 c.c. of acetone and 2 c.c. of methyl iodide. The mixture was well shaken for 15 
minutes, and washed with water into 20 c.c. of light petroleum, which was then repeatedly 
extracted with water. The aqueous extract was titrated against silver nitrate with chromate 
as indicator. The amount of iodine ion corresponds to that of methylphosphonium iodide 
formed and hence to that of the tertiary phosphine contained in the additive compound. 

The compounds given below have not previously been described. Czimatis (loc. cit.) failed to 
obtain the third in a state of sufficient purity for analysis, and he could not obtain the fourth as a 
solid. 


Phosphine, %. 


R’-C,H,’PR,,CS,, with (sealed tube). Found. Calc. 
p-Methoxyphenyldimethylphosphine 68°6 68°8 
- Bromophenyldimethylphosphine 74°4 740 
henyldiethylphosphine 68-4 68°6 
p-Tolyldiethylphosphine 70°3 70°3 


Carbon disulphide compound, M 





Results.—Dissociation pressures, mm. (+ 0-2 mm.), at several temperatures, ¢° (+ 0-1°), 
of the additive compounds are given in Table II. The pressure readings have been corrected 
to mm. of mercury at 0° if the correction is greater than 0-2 mm. 
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Corresponding pressures and temperatures satisfy linear equations of the type log,» = A — 
B/T, indicating that the heat absorbed, L, in the dissociation is constant over the range of 
temperature employed. It was found that the value of L varies slightly for different compounds. 
However, the values are scarcely comparable, because they were obtained over different ranges 


TABLE II. 
Dissociation Pressures of the Compounds of Carbon Disulphide and Aryldialkylphosphines. 


Phenyldimethylphosphine—carbon disulphide. 
37°2° 44°1° 49°8° 
5-0 11°5 20°5 
49°4° 54°8° 59°2° 65°2° 68°5° 
19°0 29°0 40:0 62°5 88°25 
logag P = 13°459 — 3935/T; L = 17,990 cals. /g.-mol. 


p-Tolyldimethylphosphine—carbon disulphide. 
44°9° 59°3° 64°4° 69°5° 74°2° 79°95° 
7°6 22°5 39°0 55°9 77°05 115°8 

logi9 P = 13°561 — 4050/T; L = 18,510 cals./g.-mol. 

p-Xylyldimethylphosphine—carbon disulphide. 

42°0° 46-0° 52°9° 57°3° 60°4° 63°4° 

22-0 32°9 67°7 105°8 144-2 198-9 
logy9 P = 16°432 — 4758/T; L = 21,750 cals. /g.-mol. 


2:4: 6-Trimethylphenyldimethylphosphine—carbon disulphide. 
14:0° 242° 29°0° 32°7° 37°8° 38°2° 40°2° 
5:0 17°0 29°0 45:0 778 79°7 99-1 
logis P = 16°245 — 4462/T; L = 20,400 cals./g.-mol. 
p-Bromophenyldimethylphosphine—carbon disulphide. 
46°8° 52°2° 57:0° 62°2° 66°4° 
19°3 32:2 49°5 75°3 113°1 
logy) P = 14°795 — 4321/T; L = 19,750 cals. /g.-mol. 
p-Methoxyphenyldimethylphosphine-carbon disulphide. 
70°4° 75°0° 80-0° 87:0° 92-0° 
15°5 24°7 39°7 79°0 131°6 
logy P = 16°416 — 5229/T; L = 23,900 cals. /g.-mol. 


p-Phenoxyphenyldimethylphosphine—carbon disulphide. 
40-0° 47°0° 52°3° 58-0° 63°4° 67°5° 
73 14°] 24°7 43°8 729 105-7 
logig P = 15°435 — 4569/T; L = 20,890 cals. /g.-mol. 
Phenyldiethylphosphine—carbon disulphide. 
13°5° 20-6° 25°1° 29°5° 33°1° 36°2° 
6°4 15:0 26°2 44-0 67°9 100°8 
log,» = 17°075 — 4666/T; L = 21,330 cals. /g.-mol. 
p-Tolyldiethylphosphine-carbon disulphide. 
22-2° 29°7° 32°1° 36°1° 39°8° 45°1° 
21:2 28°5 42°1 58°9 102°7 
logy» P = 15°046 — 4152/T; L = 18,980 cals./g.-mol. 


p-Phenoxyphenyldiethylphosphine—carbon disulphide. 
37°3° 41°5° 45°5° 50-0° 54°8° 

182 27°8 43°0 65-0 108°3 
logig P = 15°984 — 4574/T; L = 20,910 cals./g.-mol. 


p-Dimethylaminophenyldiethylphosphine—carbon disulphide. 
45°0° 51°2° 61-0° 66°5° 72°0° 770° 
2-2 4°1 10°5 18°3 28-9 48-0 
logy, P = 14°895 — 4633/T; L = 21,170 cals./g.-mol. 
* This set of determinations was made with another sample of the compound; it will be seen that 
the measurements are reproducible with fair accuracy. 
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of temperature, and the effect of the phosphine vapour is a complicating factor. Furthermore, 
in some cases, the additive compound was so unstable that the figures given can only be 
approximate. 

Values of the vapour pressures of some aryldimethylphosphines are given in Table III. 
Even with the most volatile phosphine (phenyldimethylphosphine), the vapour pressure in the 
temperature range under investigation is small compared with the total dissociation pressure 
of the corresponding additive compound. The vapour pressures of aryldiethylphosphines up to 
100° are almost negligible. 

TABLE III. 


Vapour Pressures of Tertiary Phosphines. 


Phenyldimethylphosphine.* 

90-0° 82°6° 69°6° 65°2° 

28°5 19°0 9°5 6°5 

p-Tolyldimethylphosphine. 

90-0° 83°1° 76°4° 70°3° 584° 

13-0 10°2 6°6 50 1-7 
2:4: 6-Trimethylphenyldimethylphosphine : 100°1°/6 mm.; 74°9°/3 mm. 
p-Bromophenyldimethylphosphine : 99°0°/17°5 mm. ; 70°3°/7°3 mm.; 55-0°/4 mm. 

* In a distillation of this phosphine, the b. p. was found to be 82—83°/18—20 mm., agreeing well 
with the value of the vapour pressure at 82°6° obtained with the isoteniscope. The calculated value of 
the b. p. of the phosphine, 107°/50 mm. (Jackson, Davies, and Jones, J., 1931, 2109) may be shown 
graphically to be in agreement with the present determinations. 


Triethylphosphine—phenylthiocarbimide.—Triethylphosphine (1 c.c.) was added to a solution 
of 1 c.c. of phenylthiocarbimide in 5 c.c. of ether. The oil which separated solidified when the 
mixture was cooled to 0°. The compound (Hofmann, /oc. cit.) forms pale yellow crystals, m. p. 
61° (from ether). 

Triethylphosphine—p-tolylthiocarbimide.—When a mixture of the phosphine (0-75 c.c.), p- 
tolylthiocarbimide (0-9 c.c.), and ether (5 c.c.) was cooled to 0°, very pale yellow needles, m. p. 


88—90°, of the compound (Found: C, 62-6; H, 8-7. C,,H,,.NSP requires C, 62-9; H, 8-3%) 
separated. 

Triethylphosphine—p-nitrophenylthiocarbimide.—A precipitate (1-3 g.) of the compound was 
obtained immediately when the phosphine (0-75 c.c.) was added to a saturated ethereal solution 
of p-nitrophenylthiocarbimide (0-9 g.). Recrystallised from ether or alcohol-ether, it formed 
lemon-yellow needles, m. p. 97° (Found: C, 52-3; H, 6-7. C,,H,,O,N,SP requires C, 52-3; 
H, 64%). 

Triethylphosphine—p-benzoquinone.—A_ buff-coloured precipitate was obtained when the 
generators were mixed inether. The precipitate was stable when kept under ether, but became 
gummy and then hardened to a black mass when the ether was removed (the compound of 
diphenylketen and this phosphine behaved similarly according to Staudinger and Meyer, /oc. 
cit.). The precipitate obtained when solutions of the generators in acetone were mixed was 
stable, but darkened slightly on keeping. The compound [Found : H, 8-7; M (ebullioscopic in 
ethyl alcohol), 224. C,,H,,O,P requires H, 8-5%; M, 226] blackened at 170° and appeared to 
melt at about 180°. As is often the case with certain organic phosphorus compounds, this 
substance was difficult in combustion and low results were obtained for carbon. 

Tri-n-butylphosphine—p-benzoquinone.—When excess of ether was added to a mixture of the 
phosphine (0-5 c.c.), p-benzoquinone (0-2 g.), and alcohol (10 c.c.), a cream-coloured crystalline 
precipitate of the compound separated (Found: C, 69-0; H, 10-3. C,,H;,0,P requires C, 69-6; 
H, 10-1%) ; it blackened at 170° and melted to a black liquid at 180—190°. 

p-T olyldimethylphosphine—p-benzoquinone.—The compound gradually separated from a mix- 
ture of the phosphine (1 c.c.), p-benzoquinone (0-4 g.), and alcohol (20 c.c.) as cream-coloured 
glistening leaflets (Found: C, 68-8; H, 6-9. C,,H,,0,P requires C, 69-2; H, 66%). It 
does not melt up to 250°, and is slightly soluble in alcohol, but insoluble in acetone. 

Molecular-weight Determinations.—Cryoscopic determinations in acetophenone (Morgan and 
Lammert, J. Amer. Chem. Soc., 1924, 46, 381) with several phosphine—carbon disulphide com- 
pounds show them to be dissociated (Table IV a). The effect of nuclear substitution on the 
degree of dissociation is that which would be expected from the results given on p. 1787. The 
cryoscopic determinations of Hantzsch and Hibbert (Joc. cit.) for the nitrobenzene solution of 
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triethylphosphine-carbon disulphide indicate some dissociation. Since, however, nitrobenzene 
is an unsatisfactory solvent, a determination has now been made in benzene, in which there is 
considerable dissociation. 

The effect on the degree of dissociation of nuclear substituents in the additive compounds of 
arylthiocarbimides and triethylphosphine was found by ebullioscopic determinations in acetone 
(Table IV b) with a simple ebullioscope (Swietoslawski, Bull. Soc. chim., 1931, 49, 1563 ; obtained 
from ‘‘ Prolabo,” Paris). The methyl group diminishes, and the nitro-group increases, the 
stability of the compound. 


TABLE IV. 
M. ; 
Concn. EEE Degree of 
(g./1000 g.). At. Found. Calc. dissociation. 


(a) Cryoscopic Determinations. 
Solvent : acetophenone (constant = 625° per 1000 g.). 


Bela als, tansvecscessesccscessseeenbeseaseds 8-197 0°300° 171 194 0°13 
ge «-_—_ th oweneoncoscesnescoosecnesesescasesies 24°591 0°850 181 194 0°07 
Pen cenisosseyuivermaciiahimeeeteupnns 8-718 0°450 121 214 0°77 
6 (Mtoe nnedennshebesecsinscncteecess 17°436 0°835 130°5 214 0°64 
bk .. .. Whbnsadconenseenseceveceneeceéceuens 26°154 1:210 135 214 0°59 
P-MeO-C,HyPMeg, CS, .........ccccsceceees 7975 0°345 144°5 244 0°69 
1 i(ttiti(“(“‘é MS RS ROSS'S 23-925 0°945 158 244 0°54 
Solvent : benzene (constant = 4°9° per 1000 g.). 
BOOM, sicnsnsoncrsrsvessessnidideneicbeniaiann 5:196* 0-225 113 194 0-72 
(b) Ebullioscopic Determinations. 
Solvent : acetone (constant = 1°71° per 1000 g.). 
REMI | oscexssannccécctuicdduasenedbiene 13-030 0°121° 184 253 0°38 
P-NOgCeH NCS, Et,P ......cccccccsceceees 14°317 0°087 281 298 0°06 
$-CoH Me NCS,Et,P ........sscsssssseessees 12°673 0-123 176 267 0°52 


* A more concentrated solution could not be made, 


Phenyldimethylphosphine-carbon disulphide is not appreciably soluble in benzene. The 
2: 4: 6-trimethyl homologue, however, gives a colourless solution in benzene, and is, therefore, 
completely dissociated. This conclusion was confirmed by a cryoscopic determination. 

Conductivity of Triethylphosphine—Carbon Disulphide.—Drs. J. F. J. Dippy and F. R. Williams 
kindly made the following determinations with acetone solutions of the additive compound at 
25°: For v = 20 and 100 litres/g.-mol., molecular conductivity = 0-015 and 0-019 respectively. 
(The specific conductivity of the acetone was 0-55 gemmho.) The very small conductivity can 
be attributed to the presence of free phosphine produced by dissociation of the compound, 
since a substance with an inner-salt structure must be non-conducting. 

Formation of Tertiary Phosphine Sulphides.—A phosphine solution in benzene can be accur- 
ately estimated even in the presence of phosphine sulphide, by the following method. The 
solution was shaken with a known excess of 0-1N-hydrochloric acid, the acid layer separated, the 
benzene washed with water, and the acid and washings titrated against 0-1N-borax, with methy]- 
red as indicator. 

A 0-2M-solution in benzene of phenyldimethylphosphine was mixed at 25° with an equal 
volume of a 0-2M-solution of sulphur in benzene. Reaction was complete in less than 30 secs. 
With phenyldi-n-amylphosphine, where the steric effects of the alkyl groups should be great, 
the reaction was again complete in this time. It is concluded that the reaction between a ter- 
tiary phosphine and sulphur is practically instantaneous. 

Attempts to prepare New Additive Compounds.—There was no evidence of combination be- 
tween tri-n-butylphosphine and the following substances dissolved or suspended in ether, even 
at — 80°, at which temperature dissociation of any additive compound would be less: benzo- 
phenone, dimethyl-y-pyrone, thiourea, thiosinamine, thiocarbanilide, 4 : 4’-bisdimethylamino- 
thiobenzophenone (cf. Schénberg and Kriill, Ber., 1926, 59, 1403), sodium diethyldithiocarb- 
amate, and p-dimethylaminobenzylidenerhodanine, 
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419. Remarks on the Use of the Logarithmic Head Correction 
in Viscometry. 
By Guy Barr. 


MANY authors* have directed attention to the error that may arise in the calculation of 
viscosities from the rates of flow through a capillary tube, when the flow occurs under a 
gradually diminishing head, and the arithmetic mean of the initial and the final head is 
taken for insertion into Poiseuille’s formula. The simplest expression for the correct 
mean value H is obtained when the discharge is from a vessel of constant cross-section 
either into the air or into a second vessel of constant cross-section : in this case, if the arith- 
metic mean head be / and the difference between the initial and the final head be 2x, 
H = 2x/[log(h+x)/(h-—-x]. . . . . . . (I) 

This value for H is often called the “‘ Meissner head,” since it was deduced by Meissner 
for the Engler viscometer, or the ‘‘ logarithmic head,” from the form of the denominator. 
The “ logarithmic head correction ”’ is (4 — H). 

1. Approximate Equations for the Logarithmic Head.—Even when the construction 
of a viscometer is such that equation (1) is applicable, the evaluation of H requires the use 
of a table of logarithms, and when x/h is small a 5-figure table will be quite inadequate 
for any reasonable accuracy. Glass instruments very rarely have cylindrical vessels at 
each end of the capillary, the bulbs being approximately spherical, biconical (Bingham), 
fusiform, or else cylindrical with conical ends (British Standards Institution). An 
expression for the case of a spherical bulb with discharge into air has been given by Barr, 
and results for certain other forms are listed below. In practice, however, the bulbs of 
viscometers are not exactly of any simple geometrical shape; if an accurate value for H 
is required, it is thus necessary to make / so large compared with x that the correction 
(h — H) is either negligibly small or roughly calculable. In these circumstances, it is 
desirable that the correction be expressed in a form which allows it to be estimated with 
less trouble than is necessary for evaluating the formule resulting from integration. 
Approximate values may be obtained by expanding the logarithm that occurs in each of 
the exact solutions: for certain conditions it has proved more convenient to make the 
approximation before the integration, but in either case the result is in the form of a series 
of terms involving ascending powers of x/h. We put x/h = f, and assume that f is small 
compared with unity. 

For the conditions under which equation (1) holds, we find 


1 ly, ai 
H(1 + 5f* + =f et )=h. pris ALKYL A al 
For a sphere of radius x, with discharge into air or into a recipient of infinite area, 
H = 4f*h/(6f — 3(1 — flog (lL +f)/(I—f\). - - + + () 
whence, approximately, 
1 3 ir es 
H(1+ sf + ssf a )=h Bee nw Se 


For a bulb that has the form of a pair of opposed cones, each of a height equal to the 
radius of the common base, discharging into air, or for such a bulb discharging symmetric- 
ally into a similar one, as in Bingham’s viscometer : 


H = = h/t + f*) log. (1 + f)/(1 —f) + 2flog. (1 — f?) —2f] . - (3) 
whence, approximately, 
H(1+ joi? + ggf*tt - doped nat cision noe a 


* References to these and to other authors cited below are given in the author’s ‘‘ Monograph of 
Viscometry ” (Oxford University Press, 1931). 
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For a biconical bulb, as in (3), discharging into a cylinder of radius equal to the maximum 


radius of the cones 
H(l + O0-144f?+..j)mh. 2. 2. 2 we ow es &®) 


When the bulb consists of a cylinder with a cone at each end, the radius and height of 
the cylinder being equal to the height of each cone, and the discharge is into a cylinder of 
the same radius, 


ae OF ee er 


For a bulb of similar shape, except that the height of the cylinder is twice the height 
and maximum radius of the cones, discharging into a cylinder of the same radius, 


H+ 02998 +..)j)—2h... ~~. se (0) 


Bulbs approximating to those of (4b) and (4c) are specified for the viscometers standardised 
by the British Standards Institution. 

The approximations indicate, very much more clearly than the exact solutions, the 
influence of the shape of the bulb on the magnitude of the correction. The difference 
(4 — H) is naturally a maximum when the “ bulb” from which the discharge occurs 
is a cylinder, and decreases as the influence of the upper and the lower end is reduced by 
making their volume a smaller fraction of the total. For a given ratio of x to h, the cor- 
rection increases, except in case (1), as the diameter of the recipient cylinder is reduced 
(cf. 3a and 4a). 

The logarithmic head correction is important (i) when external pressures are applied 
and H has to-be estimated from the values of the constant external pressure and the vary- 
ing hydrostatic pressure in the viscometer, and (ii) when it is necessary to derive H from 
the dimensions of the apparatus, e.g., in the use of ‘‘ consistometers ”’ of the burette type 
(Cooke, Auerbach, et al.). Comparison of equations (la) and (3a) shows that the external 
pressure need not be so large a multiple of the hydrostatic pressure as was suggested by 
Bingham, Schlesinger, and Coleman in order to make the correction negligible in the use 
of Bingham’s viscometer. The approximation (la) will serve to indicate at what stage 
during the discharge of a consistometer it is desirable to make use of the exact equation (1). 

2. Application of the Correction in the Standardisation of Ostwald Viscometers.—In the 
normal use of viscometers of the Ostwald type for measurements of relative kinematic 
viscosities, the ‘‘ logarithmic head ”’ is a constant of the apparatus and does not need to be 
evaluated. The method introduced by Griineisen for determining the minimum time of flow 
that is proportional to the kinematic viscosity (without the application of a kinetic-energy 
correction) consists in finding the “‘ logarithmic head,” 49, experimentally from observations 
of the time-intervals corresponding with various stages during the discharge, and then 
measuring the times of flow of water when the mean head is modified by applying different 
external pressures /,. It is assumed that, so long as the kinetic-energy correction is 
negligible, the product Aé or (hg + h,)¢ of the time of flow and the effective head will remain 
constant. But it is clear from equation (2a) that, if the bulb be spherical and the kinetic- 
energy correction be negligible throughout the series, the time of flow 4) when no external 
pressure is applied will appear to be unduly long, the product (4p + h,)¢ being greater by 
20f2°% than that obtainéd when the applied head has been increased until (x/h)? has become 
negligibly small. The practical effect is to increase the mean value derived for ht, so that 
the range of usefulness of the viscometer will be under-estimated. 

Bury’s procedure (J., 1934, 1380) avoids the experimental difficulty associated with the 
estimation of the ‘‘ logarithmic head ”’ by using a new graphical method to represent the 
results of the flow tests at different heads. He assumes that with a given filling the equations 
v = Aligly — b/ty = a(hg + h,)t — b/t will hold, whence A,/(t) — ¢) = Ag + 5/(atgt); he 
therefore plots values of h,/(tg — ¢), calculated from the observations of the times of flow ¢ 
corresponding with different values of 4, against 1/t, and draws the best straight line 
through the points. The slope of this straight line gives b/(at)) and from this, knowing the 
time ¢) corresponding with no external head, it is possible to find b by making use of an 
approximate value of a deduced from a calibration with a liquid of known kinematic 
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viscosity v. The method depends, however, like that of Griineisen, on the assumed con- 
stancy of hy: Bury remarks that for all ordinary Ostwald viscometers the increase with 
h, is very small. Equation (2a) shows that the increase might amount to 0-23% for the 
instrument he describes, a spherical measuring bulb and a large recipient bulb being 
assumed; introduction of the correction would have led to the deduction of a value of 
b some 5% greater than that given by Bury. The capillary of his viscometer was so narrow 
that such an error was of negligible importance—in fact, the coefficient might have been 
calculated from the dimensions with sufficient accuracy. If, however, the kinetic-energy 
correction is considerable, and particularly if the length of the bulb is not a very small 
fraction of the mean head, it will be essential to apply the logarithmic head correction to 
each of the observations. Bury’s method appears to be a great improvement over that of 
Griineisen, since it not only reduces the experimental work but also affords a determination 
of b instead of merely finding a range within which it is permissible to assume that 6 = 0. 
It is suggested that a few of the observations of flow time with different external heads 
should first be plotted as recommended by Bury to find an approximate value for hp. 
Knowing the volume and, roughly, the shape of the bulb and the area of the recipient, 
it is then possible to estimate the logarithmic head corrections Ag and A, to the head hy 
and to the various values of i) + h,. (If the bulb of Bury’s instrument were made up of 
two right-angled cones, Ay would be 0-18% instead of the 0-23% cited above for a sphere.) 
Introduction of the corrections indicates that 


th, ~ A + a)/O— we ye Oe Oe © 


so that, when the values of the expression on the left are plotted against 1/t, a straight line 
should be obtained intersecting the axis of ordinates at hg — Ag and having a slope of 
tan b/(at)). If the kinematic viscosity v be known, then 


Tt eS ra 
or a = vilhy— Agile —O/laidh o ais 4a oe Oe 


Both terms of the denominator in (6a) are known, so the calibration constants in equation 
(6) may be evaluated. 

3. Use of the Correction in the Examination of ‘‘ Abnormal ”’ Liquids.—External pressures 
have often been applied to viscometers of the Ostwald type when it was desired to investigate 
the possibility of deviations from Poiseuille’s law in the flow of colloidal solutions or sus- 
pensions. Wo. Ostwald and Fohre avoided the errors that may occur in the estimation 
of hy and of the mean effective pressures acting when external pressures are added, by cali- 
brating the instrument for each case by means of a flow test with a normal liquid. 
Abnormality is then shown by a decrease in the relative time of flow as the pressure is 
increased. The procedure advocated by Bury, modified as suggested above, may well 
be used to check the calibration data, which should give points lying on a straight line 
when this method of plotting is adopted : it will then be safe to interpolate flow times for 
the normal liquid at pressures other than those actually used in the calibration. When the 
viscosity of the liquid under examination is so high that it is inconvenient, or impossible, 
to make a satisfactory preliminary calibration with a liquid that is known to obey Poiseuille’s 
law, the best use will be made of the data relating flow times to applied pressure if the 
mean effective pressures are corrected as in equations (2)—(4c). 


THE NATIONAL PHysICAL LABORATORY, TEDDINGTON. [Received, November 5th, 1935.] 
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420. A Reaction of Certain Diazosulphonates derived from B-Naphthol- 
l-sulphonic Acid. Part XIII. Fission of the Naphthalene Nucleus 
and Subsequent Closure in Two Directions. 


By F. M. Rowe, W. C. Dovey, B. GARFoRTH, EsTHER Levin, J. D. PAsk, and 
A. T. PETERS. 


In previous Parts of this series the conversion of a number of 4’-substituted aryl-2-naphthol- 
1-diazosulphonates (J., 1926, 690; 1928, 2550; 1931, 1065, 1067, 1073, 1918; 1932, 11, 
473, 1118; 1933, 1067; 1934, 1134) and of one 3’-substituted compound (J., 1928, 2556) 
into complex phthalazine derivatives, and the determination of the constitution of the 
latter, as well as of the derived phthalazones and phthalimidines, have been described. 
The investigation has now been extended to 2’-substituted compounds with noteworthy 
results. 

In the formation of disodium 3-aryl-3 : 4-dihydrophthalazine-1-sulphonate-4-acetates 
from suitable diazosulphonates derived from $-naphthol-l-sulphonic acid, via the sodium 
l-arylazo-8-naphthaquinone-l-sulphonates, it has been considered that the naphthalene 
ring of the latter is opened with addition of sodium hydroxide, forming a disodium benz- 
aldehydearylhydrazone-w-sulphonate-2-f-acrylate (J., 1926, 694; 1933, 1067), although 
hitherto there has been no evidence for the existence of such an intermediate compound. 
Consequently, it was most desirable that such a compound should be obtained, particularly 
as it was anticipated that under suitable conditions ring closure could then be effected 
to yield either a phthalazine derivative or an isomeride. With arylamines containing an 
o-nitro-group, we have now found, not only that these open-chain compounds exist, but 
that they are so stable that they can be isolated readily and preserved as the monosodium 
salts, and that, in fact, ring closure can be effected subsequently in either of two ways. 

Thus, 2’-nitrobenzene-2-naphthol-l-diazosulphonate dissolves in sodium carbonate 
solution and then sodium 1-(2’-nitrobenzeneazo)-8-naphthaquinone-1-sulphonate (I) 
separates rapidly. Addition of this suspension to cold concentrated aqueous sodium 
hydroxide, followed by acidification after 1 minute, gives sodium benzaldehyde-2'-nitro- 
phenylhydrazone-w-sulphonate-2-B-acrylic acid (II), whereas acidification after 2 days 
(room temperature) gives sodium hydrogen 3-(2'-mitrophenyl)-3 : 4-dihydrophthalazine-1- 
sulphonate-4-acetate (III) as a result of the further action of sodium hydroxide on (II) : 


= a 
° SO,Na 
NaO, NN NN aa 
pe 
H:CH- COM N me 
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Compound (II) is converted by boiling dilute hydrochloric acid into a mixture of 
benzo-2'-nitrophenylhydrazide-2-B-acrylic acid (IV) and 2-(2'-nitrophenylamino)isoindolinone- 
3-acetic acid (V), soluble in sodium carbonate solution with bluish-violet and yellow colours, 
respectively. Both o-carboxybenzo-2’-nitrophenylhydrazide (following paper) and. 8- 
benzoyl-o-nitrophenylhydrazine (Bischler, Ber., 1889, 22, 2808) also dissolve in sodium 
carbonate solution with a bluish-violet colour, so this appears to be a characteristic property 
of compounds containing the group CO-NH-NH-C,H,-NO,(0). Compound (IV) is con- 
verted into (V) by heat, boiling dilute sodium carbonate solution, or boiling nitrobenzene, 
and attempts to prepare esters and an anilide of (IV) lead to corresponding derivatives 
of (V). Unlike the isomeride in the phthalazine series (XII), compound (V) neither forms 
an N-methyl ether, nor is the acetic acid side-chain affected by refluxing with dilute 
sulphuric acid. 

When 2-(2’-nitrophenylamino)isoindolinone-3-acetic acid is boiled with acetic anhydride, 
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with or without addition of pyridine, or is refluxed with toluene in presence of phosphorus 
trichloride, 1 molecule of water is eliminated, giving 2 : 5-diketo-3-(2'-nitrophenyl)iso- 
indolinopyrazolidocoline (VI), which is hydrolysed readily to (V), preferably by acids, 
but also by rapid dissolution in aqueous-alcoholic sodium hydroxide. 


O-NH petit 


CH:CH-CO,H 
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Reduction of the nitro-compound (VI) with iron and acetic acid yields 2 : 5-dtketo- 
3-(2’-aminophenyl)isoindolinopyrazolidocoline (VII), convertible by boiling acetic anhydride 
into the acetyl derivative (VIII). When (VII) is dissolved in dilute sulphuric acid (1 : 1) 
at 70°, 1 molecule of water is removed and the sulphate of a new base separates progres- 
sively on standing. The possibility that condensation occurs in this case between the 
amino-group and the keto-group in position 5 cannot be definitely excluded at present 
and this point is to be investigated further. Nevertheless, it is more probable that the 
keto-group in position 2 is involved in the condensation, which would then be analogous 
to the formation of benziminazoles, ¢.g., (XV). If this is correct, the base is 2 : 2’-anhydro- 
2 : 5-diketo-3-(2'-aminophenyl)isoindolinopyrazolidocoline (IX), which is unaffected by 
boiling acetic anhydride. It forms a prcrate, which can be obtained also by the action of 
alcoholic picric acid on (VII). In fact, any attempt to prepare a salt of (VII) actually 
results in a salt of (IX). The conversion of (VII) into (IX) is effected also by hot con- 
centrated hydrochloric acid or by refluxing with toluene in presence of phosphorus tri- 
chloride. [A. S. Haigh (unpublished work), during the investigation of the 2’-nitro-4’- 
methyl analogues, has found that the homologue of (IX) can be obtained also from the 
homologues of (X) and (XI) by refluxing with toluene in presence of phosphorus trichloride, 
although these conversions into (IX) are not possible with the compounds at present 
under discussion. ] 

Although dilute sulphuric acid at 70° converts (VII) into the 2 : 2’-anhydro-derivative 
(IX), refluxing (VII) with similarly dilute sulphuric acid for 3—4 hours results in the 
formation of the lactam (XI) of 2-(2'-aminophenylamino)isoindolinone-3-acetic acid. This 
base forms a hydrobromide and a picrate, from which it is recovered unaltered by treat- 
ment with alkali, in contrast to the behaviour of (VII), which with acids yields salts of 
(IX). The eight-membered ring in compound (XI) has considerable stability. 

Compound (V) is reduced to 2-(2’-aminophenylamino)isoindolinone-3-acetic acid (X), 
convertible by boiling acetic anhydride into the acetyl derivative (VIII), and the lactam 
(XI) is also obtained by refluxing compound (X) with dilute sulphuric acid for 1 hour. 
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All the formule proposed are supported by analysis, except those of (VII) and (VIII), 
the analytical results of which under all conditions and with numerous distinct samples 
consistently require the presence of H,O and $H,0, respectively. 

All the reactions already described occur also with the analogous derivatives of 4’- 
chloro-2’-nitrobenzene-2-naphthol-1-diazosulphonate, but with the chloro-compounds all 
the analytical results support the constitutions proposed. 

In general, the 2’-nitro- and 2’-amino-compounds in the phthalazine and phthalazone 
series are similar in properties to corresponding 4’- and 3’-nitro- and 4’- and 3’-amino- 
compounds, although naturally the presence of the 2’-amino-group in certain of the com- 
pounds leads to further ring formation with elimination of water. 

1-H ydroxy-3-(2'-nitro- and 4'-chloro-2'-nitro-phenyl)-3 : 4-dihydrophthalazine-4-acetic acid 
(XII) are prepared from the corresponding 1l-sodium sulphonates (e.g., III) in the usual 
way. Unlike the 4’- and 3’-nitro-analogues, however, they do not form acetyl derivatives 
(regarded as O-acetates owing to the ease of hydrolysis), but prolonged boiling with acetic 
anhydride and pyridine has the remarkable effect of giving solely 2 : 5-diketo-3-(2’-nitro- 
and 4’-chloro-2’-nitro-phenyl)isoindolinopyrazolidocoline (as VI), although in lower 
yield than is obtained from the isomerides (e.g., V), with which the use of pyridine is not 
essential as it is in the present case. As the compounds (e.g., VI) are hydrolysed readily 
to compounds (e.g., V), this new reaction affords the only known means of converting a 
phthalazine derivative into the isomeric isoindolinone derivative. 

The N-methyl ethers of (XII) are reduced to the corresponding amino-acids, which are 
converted into the lactams of 1-keto-3-(2’-amino- and 4'-chloro-2'-amino-phenyl)-2-methyl- 
tetrahydrophthalazine-4-acetic acid by boiling dilute hydrochloric acid; compounds (XII) 
are best reduced by iron and acetic acid to the corresponding amino-acids (XIII), which 
are so unstable that even attempts to crystallise them yield the lactams (XIV). 

4'- and 3’-Amino-3-arylphthalaz-l-ones are prepared by the action of boiling dilute 
rineral acids on 1-hydroxy-3-(4’- and 3’-aminoaryl)-3 : 4-dihydrophthalazine-4-acetic acid, 
respectively. Although similar treatment of 1-hydroxy-3-(2’-aminopheny]l)-3 : 4-dihydro- 
phthalazine-4-acetic acid or its lactam gave a substance which had the properties of the 
anticipated 2’-amino-3-phenylphthalaz-l-one, repeated analyses of numerous samples 
of the base, and of the product of the attempted acetylation of it, did not support this 
constitution. The base is unusually unstable and reactive, and even with hot solvents 
is converted into a colourless substance, m. p. above 360°, of undetermined constitution. 
On the other hand, 4’-chloro-2'-amino-3-phenylphthalaz-1-one is definitely obtained from 
the chlorinated compound (XIII) or its lactam (XIV) in the usual manner. 

Compounds (XII) and (XIII) are converted by stannous chloride, tin, and hydrochloric 
acid into o-benzylene- and 5-chloro-o-benzylene-benziminazole (XV), identical with synthetic 
specimens prepared from o-phthalaldehyde and o-phenylenediamine (Thiele and Falk, 
Annalen, 1906, 347, 125) or 4-chloro-o-phenylenediamine, respectively. The constitution 
was confirmed by oxidation to o-benzoylene- and 5-chloro-o-benzoylene-benziminazole 
(XVI), and conversion of these into 2-phenylbenziminazole- and 5-chloro-2-phenylbenzimin- 
azole-o-carboxylic acid (XVII), respectively. 

2'-Nitro- and 4'-chloro-2'-nitro-3-phenylphthalaz-l-one (XVIII), prepared in the usual 
way (the yield of the unchlorinated compound is very small), react with methyl sulphate 
in a similar manner to the 4’- or 3’-nitro-analogues. The oxygen atom in the keto-group 
is methylated and the primary products combine similarly with alcohols (loc. cit.). Owing 
to the ease with which a portion of the alcohol is lost from the resulting compounds, how- 
ever, only in the case of the derivative from 2’ : 6’-dibromo-4’-nitro-3-phenylphthalaz-1- 
one (J., 1931, L085) has it hitherto been possible to support by analysis the formule for 
these products. Compounds (XIX) also are sufficiently stable to enable their formule to 
be confirmed by analysis. On the other hand, these compounds are merely decomposed 
by heat without formation of 4-keto-1-methoxy-3-(2’-nitro- and 4’-chloro-2’-nitro-pheny])- 
3: 4-dihydrophthalazine. 2’-Nitro- and 4'-chloro-2'-nitro-3-phenyl-4-methylphthalaz-1-one 
also are obtained in the usual way, but their methylation products (cf. J., 1931, 1071, 
1921) resist crystallisation and do not have the properties to be expected of compounds 
containing a reactive methylene group. 
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As a result of the presence of an amino-group in the 2’-position, it has been possible to 
isolate for the first time compounds intermediate between a 1-hydroxy-3-(aminoary])- 
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3: 4-dihydrophthalazine-4-acetic acid and an amino-3-aryl-4-methylphthalaz-l-one. Thus, 
(XIII) and (XIV) are converted by acid dichromate into the lactams (XX) of 2’-amino- 
and 4’-chloro-2'-amino-3-phenylphthalaz-1-one-4-acetic acid, from which 2’-amino- and 4’- 
chloro-2'-amino-3-phenyl-4-methylphthalaz-1-one (XXI) are best obtained by the action of 
hot aqueous sodium sulphide, and in this instance the formula of the unchlorinated com- 
pound (XXI) is confirmed by analysis, although, as already mentioned, that was not the 
case in the absence of the 4-methyl group. Compounds (XXI) are also obtained by re- 
ducing the corresponding nitro-compounds with aqueous sodium sulphide, but reduction 
of these nitro- or amino-compounds with zinc dust and dilute sulphuric acid gives only 
1-keto-3-(2'-amino- and 4'-chloro-2'-amino-phenyl)-4-methyltetrahydrophthalazine (XXII) 
and there was no evidence of the formation of methyl derivatives of compounds (XV). 

Some derivatives of 5-chloro-o-nitroaniline also are described, but further investigation 
of these compounds was abandoned when it was clear that it would lead to unnecessary 
repetition. 

Further work on this subject is in progress to support the constitutions and inter- 
relationships of compounds of the types (_V)—(XI), and confirmatory synthetic work 
leading to compounds of the type (V) is well advanced, as is also the preparation of 2-(4'- 
nitroarylamino)isoindolinone-3-acetic acids and their derivatives. 
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EXPERIMENTAL. 


The methods of preparing the analogous compounds from o-nitroaniline and 4-chloro-o. 
nitroaniline are so similar that separate descriptions are unnecessary. Single details in 
parentheses apply to both cases, but where more than one figure, etc., is given, the first refers 
to the derivative of o-nitroaniline and the second to the derivative of 4-chloro-o-nitroaniline. 
Derivatives of 5-chloro-o-nitroaniline are prepared exactly as described for the 4-chloro- 
isomerides. 

Sodium Benzaldehyde-2’-nitro- or -4'-chloro-2’-nitro-phenylhydrazone-w-sulphonate-2-B-acrylic 
Acid (I1).—A filtered solution of commercial 50% sodium $-naphthol-l-sulphonate (60 g.) in 
water (250 c.c.) was stirred slowly at 0° into a solution of diazotised o-nitroaniline or 4-chloro- 
o-nitroaniline, prepared by adding rapidly a cold solution of the base (13-8 g.; 17-25 g.) in 
concentrated sulphuric acid (60 c.c.; 75 c.c.) to a mixture of ice (250 g.) and sodium nitrite 
(7-7 g.) with good stirring. 2’-Nitro- or 4’-chloro-2’-nitro-benzene-2-naphthol-1-diazosulphonate 
separated (brownish-red; dark red). It was washed free from acid, mixed with cold water 
(150 c.c.), and stirred into a cold solution of anhydrous sodium carbonate (25 g.) in water (100 
c.c.). Almost colourless prisms of sodium 1-(2’-nitro- or 4’-chloro-2’-nitro-benzeneazo)-f- 
naphthaquinone-1-sulphonate separated from the orange solution in 1 minute and the suspension 
was then added to a cold solution of sodium hydroxide (25 g.) in water (100 c.c.); the temperature 
rose by about 5° and a deep colour (reddish-violet; bluish-violet) began to change quickly (to 
brown; orange-brown). In order to obtain the maximum yield, after only 1 minute the solu- 
tion was acidified rapidly with concentrated hydrochloric acid, then made alkaline with sodium 
carbonate, heated to 90° (charcoal), and filtered. The cold filtrate was rendered faintly acid 
with hydrochloric acid; the sodium salt separated in crystals (yellow; orange). 

Sodium benzaldehyde-2'-nitrophenylhydrazone-w-sulphonate-2-B-acrylic acid crystallised from 
alcohol or ethyl acetate in orange-red leaflets with a yellow reflex (yield, 33-8 g.; 81-8%, 
calculated on the o-nitroaniline) (Found: S, 7-4. C,sH,,0,N,SNa requires S, 7-7%). It is 
sparingly soluble in cold water, and dissolves in sodium carbonate with a yellow colour and in 
cold dilute sodium hydroxide with an orange-brown colour changing to violet on heating, or 
in more concentrated cold sodium hydroxide with a violet colour. It is an orange acid dye 
of good tinctorial power, but fugitive to light. 

Sodium benzaldehyde-4'-chloro-2’-nitrophenylhydrazone-w-sulphonate-2-B-acrylic acid crystall- 
ised from aqueous alcohol in yellow needles, which became red on drying (yield, 42 g.; 93-9%, 
calculated on the 4-chloro-o-nitroaniline) (Found: Cl, 7-8; S, 6-9. C,gH,,O,N,ClSNa requires 
Cl, 7-9; S, 7-15%). It has similar properties to those of the unchlorinated analogue. 

Sodium benzaldehyde-5’-chloro-2’-nitrophenylhydrazone-w-sulphonate-2-B-acrylic acid crystall- 
ised from aqueous alcohol in red leaflets with a yellow reflex (Found: Cl, 7:7; S, 7-0%). 

Benzo-2’-nitro- or -4'-chloro-2’-nitro-phenylhydvazide-2-B-acrylic Acid (IV) and 2-(2’-Niiro- 
or -4’-chloro-2’-nitro-phenylamino)isoindolinone-3-acetic Acid (V).—The preceding sodium salt 
(II) (20 g.) was dissolved in boiling water (500 c.c.), concentrated hydrochloric acid (20 c.c.) added 
gradually, and boiling continued until evolution of sulphur dioxide had ceased (8 hours). The 
acid separated as a yellow crystalline mass consisting of a mixture of the two isomerides, the 
proportion varying with the conditions (total yield, 15-7 g.; 99-4%: 15-3 g.; 94:7%). The 
individual components can be recognised readily by sprinkling the dry powdered mixture on 
filter-paper moistened with dilute sodium carbonate solution; part dissolves with a deep 
bluish-violet colour (IV) and part dissolves with a yellow colour (V). 

Benzo-2'-nitrophenylhydrazide-2-B-acrylic acid was separated as the less soluble portion of 
the mixture by rapid fractional crystallisation from glacial acetic acid in orange-yellow prismatic 
needles, m. p. 220—225° with conversion into (V) (Found : C, 58-6; H, 4-0; N, 12-8. C,,H,,;0;N; 
requires C, 58-7; H, 4:0; N, 12-8%). It, or the above mixture containing it, by boiling with 
nitrobenzene, or by boiling the violet sodium carbonate solution until yellow, was converted 
completely into 2-(2’-mitrophenylamino)isoindolinone-3-acetic acid, which crystallised from glacial 
acetic acid in greenish-yellow prisms, m. p. 224—225° (Found: C, 58-8; H, 43; N, 13-1. 
C,,H,,;0,N, requires C, 58-7; H, 4:0; N, 12-8%), soluble in cold dilute sodium carbonate 
solution with a pale yellow colour and in sodium hydroxide solution with a bluish-red colour. 

Benzo-4'-chloro-2’-nitrophenylhydrazide-2-B-acrylic acid was separated similarly to the un- 
chlorinated analogue in small orange prisms, m. p. 272—278° with ring closure (Found: C, 
52-9; H, 3-5; N, 11-3; Cl, 10-0. C,,H,,0,;N,Cl requires C, 53-1; H, 3-3; N, 11-6; Cl, 9-8%). 
2-(4’-Chloro-2’-nitrophenylamino)isoindolinone-3-acetic acid crystallised from glacial acetic acid 
or ethyl acetate in small yellow needles, m. p. 278° (Found: C, 53-1; H, 3-3; N, 11-3; Cl, 
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9-65. C,.H,,0;N,Cl requires C, 53-1; H, 3-3; N, 11-6; Cl, 9-8%). The colour reactions of 
both compounds with cold dilute alkali solutions are similar to those of the unchlorinated 
analogues, 

2-(5’-Chloro-2’-nitrophenylamino)isoindolinone-3-acetic acid crystallised from ethyl acetate 
in yellow needles, or from glacial acetic acid in yellow prisms, m. p. 248° (Found: C, 52-9; 
H, 3-5; N, 11-6; Cl, 10-05%). 

Derivatives of the 2-(Phenylamino)isoindolinone-3-acetic Acids.—The following derivatives 
were obtained whether (IV) or (V) was used; 2’-Niivo-compounds. The methyl ester, obtained 
by the hydrogen chloride—methy] alcohol method or by refluxing the acid in aqueous methyl- 
alcoholic potassium hydroxide solution with methy] iodide or sulphate, crystallised from methy] 
alcohol in yellow prisms, m. p. 164° (Found: C, 59-8; H, 4-7; N, 12-5. C,,H,,O,N, requires 
C, 59-8; H, 4-4; N, 12-3%), stable to boiling acetic anhydride (compare the behaviour of the 
acid below). The ethyl ester crystallised from ethyl alcohol in yellow prisms, m. p. 153° (Found : 
C, 60-6; H, 4-9; N, 12-0. C,,H,,O,;N, requires C, 60-8; H, 4:8; N, 11-8%). Both esters 
are insoluble in sodium carbonate solution, but dissolve in boiling dilute sodium hydroxide 
solution with a magenta colour. The anilide crystallised from glacial acetic acid in yellow 
prisms, m. p. 272° (Found: C, 65-4; H, 4-05; N, 13-8. C,,H,,0O,N, requires C, 65-7; H, 4-5; 
N, 13-9%), insoluble in alkali. 

4’-Chlovo-2’-nitro-compounds. The methyl ester crystallised from methyl alcohol in small, 
yellow, prismatic needles, m, p. 152° (Found: C, 54-4; H, 3-7; N, 10-9; Cl, 9-7. C,,H,,0,N,Cl 
requires C, 54:3; H, 3-75; N, 11-2; Cl, 9-45%). The anilide crystallised from glacial acetic 
acid in orange-yellow prisms, m. p. 268° (Found: N, 13-1; Cl, 7-7. Cy,H,,O,N,Cl requires 
N, 12-8; Cl, 8-1%). 

5’-Chloro-2’-nitro-compounds. The methyl ester crystallised from methyl alcohol in stout 
yellow prisms, m. p. 182° (Found: C, 54-6; H, 3-8; N, 11-05%), and the ethyl ester from 
ethyl alcohol in yellow prisms, m. p. 184° (Found: C, 55:3; H, 4:2; N, 10-8. C,,H,,0O,;N,Cl 
requires C, 55-45; H, 4-1; N, 10-8%). 

2 : 5-Diketo-3-(2’-nitro- or 4’-chloro-2’-nitro-phenyl)isoindolinopyrazolidocoline (V1).—(a) 2- 
(2’-Nitro- or 4’-chloro-2’-nitro-phenylamino)#soindolinone-3-acetic acid (38 g.) was refluxed 
with acetic anhydride (180 c.c.) alone, or better with addition of pyridine (20 c.c.; 165 c.c.), 
for 3 hours; the product crystallised on cooling (yield, 29 g.; 80-7%: 21-1 g.; 61-2%). (b) 
The acid (2 g.) was refluxed with toluene (250 c.c.) and phosphorus trichloride (2 c.c.) for 2 hours 
(yield, 1-6 g.; 84-7%: 1-6 g.; 842%). Benzo-2’-nitro- or -4’-chloro-2’-nitro-phenylhydrazide- 
2-8-acrylic acid also can be used in both methods. 2: 5-Diketo-3-(2’-nitro- or 4’-chloro-2’- 
nitro-pheny])isoindolinopyrazolidocoline is hydrolysed to 2-(2’-nitro- or 4’-chloro-2’-nitro- 
phenylamino)isoindolinone-3-acetic acid best by dissolving it in concentrated sulphuric acid 
and pouring the solution into water, or by boiling a glacial acetic acid solution with hydrochloric 
acid for } hour, or by boiling the substance with aqueous-alcoholic sodium hydroxide for a few 
minutes and then acidifying the solution. 

2 : §-Diketo-3-(2’-nitrophenyl)isoindolinopyrazolidocoline crystallised from glacial acetic acid 
in pale yellow prisms, m. p. 209° (Found: C, 62-2; H, 3-5; N, 13-6. C,.H,,O,N,; requires 
C, 62-1; H, 3-65; N, 13-6%), insoluble in cold dilute mineral acids and alkalis. 

2 ; 5-Diketo-3-(4’-chlovo-2’-nitrophenyl)isoindolinopyrazolidocoline crystallised from glacial 
acetic acid in pale yellow prisms, m. p. 248—249° (Found: C, 55-75; H, 2-9; N, 12-3; Cl, 
10-5; M in phenol, 331. C,,H,,0O,N,Cl requires C, 55-9; H, 2-9; N, 12-2; Cl, 10-3%; M, 
343-5). 

2 : 5-Dikeio-3-(5’-chlovo-2’-nitrophenyl)isoindolinopyrazolidocoline crystallised from glacial 
acetic acid in pale yellow prisms, m. p. 209° (Found: C, 56-1; H, 3-1; N, 12-2; Cl, 10-45%). 

2 : 5-Diketo-3-(2’-amino- or 4’-chloro-2’-amino-phenyl)isoindolinopyrazolidocoline (VII).—The 
nitro-compound (VI) (5 g.) was dissolved in boiling glacial acetic acid (25 c.c.; 50 c.c.) and 
water (25 c.c.; 15 c.c.), and iron powder (3 g.) added gradually during 10 minutes. The green 
mixture was then boiled for a further 10 minutes, boiling water (40 c.c.) added (charcoal), and 
the liquid filtered; almost colourless crystals separated on cooling. 

2 : 5-Diketo-3-(2’-aminophenyl)isoindolinopyrazolidocoline crystallised from alcohol, aqueous 
acetic acid, or ethyl acetate in colourless, asbestos-like, prismatic needles, m. p. 234—236° 
(yield, 3-7 g.; 82%) (Found : in material crystallised from dry ethyl acetate and dried at 120° : 
C, 64-7, 64-9; H, 5-0, 5-0; N, 14-2, 14-0. Found in material from aqueous acetic acid: C, 
65-1; H, 5-05; N, 13-95. C,,H,,O,N, requires C, 68-8; H, 4-65; N, 15-05%. C,,H,,0,N;,H,O 
requires C, 64-65; H, 5-05; N, 14:1%). The acetyl derivative (VIII), prepared by boiling with 
acetic anhydride and a little pyridine for } hour, crystallised from dry alcohol in large, almost 
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colourless prisms, from ethyl acetate or acetic anhydride in smaller prisms, and from glacial 
acetic acid in transparent flat prisms, all m. p. 175—176° (Found in material crystallised from 
ethyl acetate : C, 65-2, 65-4; H, 4-9, 4:9; N, 12-6, 12-6. Found in material from dry alcohol : 
C, 65:25; H, 4:8; N, 12-45. Found in material from acetic anhydride: C, 65-1; H, 4-9; 
N, 12-6. C,,H,,O,N, requires C, 67-3; H, 4-7; N, 13-1. C,gH,,O,N;3,}H,O requires C, 65-4; 
H, 4-85; N, 12-7%), insoluble in dilute mineral acids and alkalis. 

2 : 5-Diketo-3-(4'-chloro-2’-aminophenyl)isoindolinopyrazolidocoline crystallised from aqueous 
acetic acid or ethyl acetate in small, colourless, fine needles, m. p. 253—254° (yield, 2-8 g.; 
61-4%) (Found: C, 61-1, 61-15; H, 3-9, 3-9; N, 13-0, 13-2; Cl, 11-0, 11-0. C,,H,,O,N,Cl 
requires C, 61-2; H, 3-9; N, 13-4; Cl, 11-3%). The acetyl derivative crystallised from ethyl 
acetate in colourless prisms, m. p. 242—243° (Found: C, 60-4; H, 4:1; N, 11-3; Cl, 9-8. 
C,,H,,O,N,Cl requires C, 60-6; H, 4-2; N, 11-7; Cl, 10-0%). 

2 : 2’-Anhydro-2 : 5-diketo-3-(2’-amino- or 4’-chloro-2’-amino-phenyl)isoindolinopyrazolido- 
coline (IX).—(a) The amino-compound (VII) (2 g.) was dissolved in dilute sulphuric acid (1 : 1) 
(16 c.c.) at 70° and left at room temperature. ‘The crystalline sulphate which separated (2—3 
hours; immediately) was collected on a glass filter and basified with warm dilute sodium 
hydroxide solution (yield, 1 g.; 53-5%: 1-4 g.; 745%). (b) The amino-compound (2 g.) 
was refluxed with toluene (250 c.c.) and phosphorus trichloride (2 c.c.) for 2 hours, the toluene 
then removed, and the residue ground with warm dilute sodium hydroxide solution (yield, 
0-8 g.; 428%: 1g.; 53-2%). 

2: 2’-Anhydro-2 : 5-diketo-3-(2’-aminophenyl)isoindolinopyrazolidocoline crystallised from 
aqueous acetic acid in colourless prismatic needles, m. p. 219—221° (Found: C, 73-5; H, 4-3; 
N, 16-1. C,,H,,ON, requires C, 73-6; H, 4-2; N, 16-1%), soluble in hot dilute mineral acids 
and insoluble in alkalis. The picrate crystallised from alcohol in small yellow needles, m. p. 
234—236° (Found: C, 53-95; H, 3-1. C,,H,,0,N, requires C, 53-9; H, 2-9%), and was also 
obtained directly from 2: 5-diketo-3-(2’-aminopheny]l)isoindolinopyrazolidocoline; the base 
(IX) was recovered on warming the picrate with aqueous ammonia. 

2 : 2’-Anhydro-2 : 5-diketo-3-(4'-chloro-2’-aminophenyl)isoindolinopyrazolidocoline sulphate 
crystallised from glacial acetic acid in colourless prisms, m. p. 278° [Found: C, 55-4; H, 2-9; 
N, 11-9; Cl, 9-9; S, 4-65. (C,g.H,,ON,Cl),,H,SO, requires C, 55-7; H, 3-2; N, 12-2; Cl, 10-3; 
S, 4-6%]. The base crystallised from aqueous acetic acid in colourless prismatic needles, m. p. 
238—239° (Found: C, 65-0; H, 3-4; N, 14-2; Cl, 12-0. C,,H,,ON,Cl requires C, 65-0; H, 
3-4; N, 14:2; Cl, 12-0%). 

2-(2’-A mino- or 4’-chloro-2’-amino-phenylamino)isoindolinone-3-acetic Acid (X).—The nitro- 
acid (V) (5 g.) was dissolved in 10% aqueous sodium hydroxide (100 c.c.) and alcohol (10 c.c.), 
and maintained at constant temperature (70°; 50°) during the careful addition of hydrosulphite 
(7 g.) until the deep bluish-red colour had disappeared, the mixture being kept alkaline through- 
out by the addition of sodium hydroxide. After 20 minutes, the alcohol was removed by 
boiling, the liquid filtered (charcoal), and the excess of alkali in the cold filtrate neutralised 
very carefully. A green resinous precipitate was filtered off and discarded, and the mass of 
cream prisms which separated from the filtrate after 8 hours was filtered off and washed with 
cold water. Acid stannous chloride can also be used for this reduction, but is less satisfactory. 

2-(2’-A minophenylamino)isoindolinone-3-acelic acid crystallised from aqueous alcohol in 
colourless plates, m. p. 182—183° (decomp.) (yield, 3-5 g.; 77-1%) (Found: C, 64-0; H, 5-25; 
N, 14-2. C,,sH,;O,N, requires C, 64-6; H, 5-05; N, 14-15%), which rapidly turn brown in 
air. It is soluble in cold dilute mineral acids and alkalis. 

2-(4’-Chloro-2’-aminophenylamino)isoindolinone-3-acetic acid crystallised from aqueous | 
alcohol in colourless plates, m. p. 195° (decomp.) (yield, 2-2 g.; 48%) (Found: C, 58-2; H, | 
4-5; N, 13-0. C,,H,,O,N,Cl requires C, 57-9; H, 4-3; N, 12-7%). | 

These amino-acids do not form acetyl derivatives, but with acetic anhydride, alone or with 
pyridine, yield 2: 5-diketo-3-(2’-acetamido- or 4’-chloro-2’-acetamido-pheny])isoindolino- ( 
pyrazolidocoline (above). | 

2-(2’-A mino- or 4’-chloro-2’-amino-phenylamino)isoindolinone-3-acetic Acid Lactam (X1).—(a) 

The amino-acid (X) (5 g.) was refluxed with concentrated sulphuric acid (12 c.c.) and water 

(15 c.c.) for 1 hour; the mixture was then diluted with water (20 c.c.), boiled (charcoal), and 
filtered. A brown tarry mass separated when the cold filtrate was rendered alkaline with | 
sodium carbonate, and was crystallised (yield, 1-2 g.; 25-6%: 1-3 g.; 27-5%). (b) 2: 5- 

Diketo-3-(2’-amino- or 4’-chloro-2-amino-pheny])isoindolinopyrazolidocoline (5 g.) was refluxed ( 
with dilute sulphuric acid (1: 1) (50 c.c.) for 3—4 hours, and the product isolated as described 
under (a) (yield, 2-3 g.; 49%: 1-5g.; 31-7%). 
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2-(2’-A minophenylamino)isoindolinone-3-acetic acid lactam crystallised from ethyl acetate 
in colourless needles, or from aqueous acetic acid in colourless prisms, m. p. 227° (Found: 
C, 68-6; H, 4-6; N, 15-05. C,,H,,0O,N, requires C, 68-8; H, 4-65; N, 15-1%), readily soluble 
in cold dilute minera? acids and insoluble in alkalis. Cold hydrobromic acid (d 1-7) gave the 
hydrobromide, colourless prisms, m. p. 264—265°, from which the base was recovered with 
warm aqueous sodium carbonate. The picrate crystallised from alcohol in fine yellow needles, 
m. p. 229—230° (Found: N, 16-2. C,,H,,O,N, requires N, 16-5%), so that, unlike (VII), 
compound (XI) is not converted into (IX) by picric acid; the base (XI) was recovered by warm- 
ing the picrate with aqueous ammonia. 

2-(4’-Chloro-2’-aminophenylamino)isoindolinone-3-acetic acid lactam crystallised from ethyl 
acetate or dry alcohol in small colourless needles, m. p. 237° (Found: C, 61-05; H, 4-0; N, 
13-1; Cl, 11-6. C,,H,,O,N,Cl requires C, 61-2; H, 3-9; N, 13-4; Cl, 11-3%). 

Sodium Hydrogen 3-(2’-Nitro- or 4’-Chloro-2’-nitro-phenyl)-3 : 4-dihydrophthalazine-1-sul- 
phonate-4-acetate (I11).—(a) A solution of sodium 1-(2’-nitro- or 4’-chloro-2’-nitro-benzeneazo)- 
6-naphthaquinone-I-sulphonate in sodium hydroxide, prepared exactly as described under 
sodium benzaldehyde-2’-nitro- or 4’-chloro-2’-nitro-phenylhydrazone-w-sulphonate-2-8-acrylic 
acid (p. 1800), instead of being acidified after 1 minute, was kept at room temperature (2 days; 
3—4 days) and then acidified. After separation from 2’-nitro- or 4’-chloro-2’-nitro-benzeneazo- 
6-naphthol (0-9 g.; 2 g.), the product was isolated in the usual manner (yield, 28-8 g.; 69-8%, 
calculated on the o-nitroaniline: yield, 42-5 g.; 94-8%, calculated on the 4-chloro-o-nitro- 
aniline). (b) A solution of sodium benzaldehyde-2’-nitro- or 4’-chloro-2’-nitro-phenylhydrazone- 
«-sulphonate-2-8-acrylic acid in sodium hydroxide was kept at room temperature for 3 days 
or at 60° for 3} hours. The yield was almost quantitative and the identity of the product was 
confirmed by conversion into 1-hydroxy-3-(2’-nitro- or 4’-chloro-2’-nitro-phenyl)-3 : 4-dihydro- 
phthalazine-4-acetic acid. 

Sodium hydrogen 3-(2’-nitrophenyl)-3 : 4-dihydrophthalazine-1-sulphonate-4-acetate crystallised 
from ethyl acetate in yellow needles, or from aqueous alcohol in orange-yellow irregular prisms 
(Found: S, 7-9. C,gH,,O,N,SNa requires S, 7-7%), readily soluble in water or alcohol with 
a yellow colour, deepened by addition of alkali. It is a level-dyeing orange-yellow acid dye 
of iess tinctorial power than the p-isomeride, and fugitive to light. 

Sodium hydrogen 3-(4’-chloro-2’-nitrophenyl)-3 : 4-dihydrophthalazine-1-sulphonate-4-acetate 
crystallised from water in yellow prisms (Found: Cl, 8-2; S, 7-5. C,gH,,O,N,;CISNa requires 
Cl, 7-9; S, 7-15%). It has similar properties to those of the unchlorinated analogue. 

Sodium hydrogen 3-(5’-chloro-2’-nitrophenyl)-3 : 4-dihydrophthalazine-1-sulphonate-4- 
acetate was obtained only in a resinous condition by either method (a) or (b) and could not be 
purified for analysis, but it was converted in a normal manner into 1-hydroxy-3-(5’-chloro-2’- 
nitropheny])-3 : 4-dihydrophthalazine-4-acetic acid in good yield, 

1-H ydroxy-3-(2’-nitro- or 4’-chloro-2’-nitro-phenyl)-3 : 4-dihydrophthalazine-4-acetic Acid 
(XII).—A solution of the preceding sodium hydrogen salt (32 g.; 42-5 g.) in water (200 c.c.) 
was boiled, and concentrated hydrochloric acid (60 c.c.; 50 c.c.) added gradually until evolution 
of sulphur dioxide had ceased. The product separated in yellowish-brown crystals, which were 
washed with boiling water. 

1-H ydroxy-3-(2’-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic acid crystallised from ethyl 
acetate in yellow prismatic needles, or from glacial acetic acid in orange-yellow prisms, m. p. 
248° (yield, 23-5 g.; 92-8%) (Found: C, 59-0; H, 4:15; N, 12-7. C,,H,;0,;N, requires C, 
58-7; H, 4-0; N, 12-8%), sparingly soluble in alcohol or ethyl acetate, but more soluble in 
glacial acetic acid. It is sparingly soluble in water, but dissolves readily in sodium carbonate 
or hydroxide solution with a deep violet-red colour, and dissolves in cold concentrated sulphuric 
acid with a yellow colour, being reprecipitated unaltered when this solution is diluted. 

1-H ydroxy-3-(4'-chloro-2'-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic acid crystallised from 
ethyl acetate in orange-yellow prismatic needles, m. p. 229—230° (yield, 28-7 g.; 83-3%) 
(Found: C, 53-0; H, 3-6; N, 11-55; Cl, 9-8. C,.H,,0,;N,Cl requires C, 53-1; H, 3-3; N, 
11-6; Cl, 9-8%), soluble in alkalis with a deep reddish-violet colour. 

1-Hydroxy-3-(5’-chlovo-2’-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic acid crystallised from 
ethyl acetate in fine yellow needles, m. p. 241—242° (yield, 26-3 g.; 72-8%, calculated on 
17-25 g. of 5-chloro-o-nitroaniline) (Found: C, 53-2; H, 3-4; N, 11-55; Cl, 9-85%). 

Derivatives of the 1-Hydroxy-3-phenyl-3-: 4-dihydrophthalazine-4-acetic Acids.—2’-Nitro- 
compounds. The methyl ester crystallised from methyl alcohol in yellow prismatic needles, 
m. p. 146° (Found: C, 59-7; H, 4:6; N, 12-5. C,,H,,O,N; requires C, 59-8; H, 4-4; N, 
12-3%), and the ethyl ester from aqueous ethyl alcohol in yellow prisms, m. p. 163° (Found ; 
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C, 60-7; H, 49; N, 11-9. C,,H,,O,;N, requires C, 60-8; H, 4:8; N, 11-8%); both esters 
dissolve in boiling sodium carbonate and boiling sodium hydroxide solutions with a brownish- 
red and deep reddish-violet colour, severally. The anilide crystallised from ethyl acetate in 
orange-yellow prisms, m. p. 128° (Found: C, 65-5; H, 4-6; N, 13-75.* C,,H,,O,N, requires 
C, 65-7; H, 4:5; N, 13-9%), soluble in boiling sodium hydroxide solution with a magenta 
colour. The N-methyl ether, 1-keto-3-(2’-nitrophenyl)-2-methylietrahydrophthalazine-4-acetic 
acid (cf. J., 1933, 1067), crystallised from methyl alcohol in yellow prisms, m. p. 207° (Found : 
C, 60-0; H, 4:5; N, 12-4. C,,H,,0,;N, requires C, 59-8; H, 4-4; N, 12-3%), soluble in cold 
dilute alkali solutions with a yellow colour. Its methyl ester crystallised from methyl] alcohol 
in large orange-yellow prisms, m. p. 133—134° (Found: C, 60-7; H, 5-0; N, 11-8. C,,H,,0,;N, 
requires C, 60-8; H, 4-8; N, 11-85%), insoluble in alkalis and not hydrolysed as readily as the 
4’- and the 3’-nitro-isomeride (J., 1933, 1069); it can also be prepared directly by methylating 
1-hydroxy-3-(2’-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic acid or its methyl ester with 
methyl sulphate in alkali hydroxide solution. 

1-Keto-3-(2’-aminophenyl)-2-methyltetrahydrophthalazine-4-acetic acid and its lactam. A fine 
suspension of the preceding nitro-acid (5 g.) in glacial acetic acid (20 c.c.) and water (20 c.c.) 
was boiled, iron powder (3 g.) added slowly, the mixture boiled for 5 minutes and filtered hot, 
and the cold filtrate poured into water (100 c.c.); the product separated as a white flocculent 
precipitate (yield, 3 g.; 65-8%). Analyses of the amino-acid were variable owing to the ease 
of formation of the Jactam, which was obtained readily by boiling a solution of the amino-acid 
in dilute hydrochloric acid until the separation of crystals ceased; it crystallised from alcohol 
in almost colourless, rectangular prisms, m. p. 315—317° (Found: C, 69-4; H, 5-1; N, 14-25. 
C,;H,,;0,N, requires C, 69-6; H, 5-1; N, 143%), insoluble in dilute mineral acids and 
alkalis. 

2 : 5- Diketo-3-(2’-nitrophenyl)isoindolinopyrazolidocoline (VI). 1-Hydroxy-3-(2’-nitro- 
pheny]l)-3 : 4-dihydrophthalazine-4-acetic acid (5 g.) was refluxed with acetic anhydride (265 c.c.) 
and pyridine (3 c.c.) for 15 hours, and the mixture poured into water; the product crystallised 
from glacial acetic acid in pale yellow prisms, m. p. and mixed m. p. 209° (yield, 2-5 g.; 52-9%). 
Pyridine is essential to this conversion, as unaltered 1-hydroxy-3-(2’-nitropheny])-3 : 4-dihydro- 
phthalazine-4-acetic acid was recovered after similar treatment with acetic anhydride, alone 
or in conjunction with glacial acetic acid. 

4’-Chloro-2’-nitro-compounds. The methyl ester crystallised from methyl alcohol in yellow 
prismatic needles, m. p. 163—164° (Found: C, 54:3; H, 4-0; N, 11-1; Cl, 9-45. C,,H,,0;N,Cl 
requires C, 54-3; H, 3-75; N, 11-2; Cl, 9-45%), and the ethy/ ester from ethyl alcohol in yellow 
prisms, m. p. 145° (Found: C, 55-6; H, 4-4; N, 10-85; Cl, 9-0. C,,H,,O,;N,Cl requires C, 
55-45; H, 4-1; N, 10-8; Cl, 9:1%); both esters dissolve in boiling sodium carbonate and warm 
sodium hydroxide solutions with a reddish-violet colour. The anilide crystallised from alcohol 
in golden-yellow plates of indefinite m. p., containing alcohol of crystallisation, and becoming 
opaque on exposure to air; recrystallisation from toluene gave pale yellow needles, m. p. 130° 
(Found : C, 60-3; H, 4:1; N, 12-95; Cl, 8-0. C,,H,,O,N,Cl requires C, 60-5; H, 3-9; N, 12-8; 
Cl, 8-1%), soluble in boiling sodium hydroxide solution with a magenta colour, rapidly turning 
reddish-brown. 

1-Keto-3-(4'-chloro-2'-nitrophenyl)-2-methyltetrahydrophthalazine-4-acetic acid crystallised 
from methyl alcohol in yellow prisms, m. p. 207° (Found: C, 54-4; H, 4:0; N, 11-4; Cl, 9-3. 
C,,H,,0,;N,Cl requires C, 54-3; H, 3-7; N, 11-2; Cl, 9-45%). Its methyl ester crystallised 
from methyl alcohol in large orange-yellow prisms, m. p. 129—130° (Found: C, 55-7; H, 4-2; 
N, 10-5. C,,H,,O,;N,Cl requires C, 55-5; H, 4-1; N, 10-8%). 

1-Keto-3-(4'-chloro-2'-aminophenyl)-2-methyltetrahydrophthalazine-4-acetic acid and its lactam. 
The preceding nitro-acid (5 g.) was dissolved in dilute sodium hydroxide, hydrosulphite added 
to the reddish-violet solution at 50° until colourless, the mixture being kept alkaline throughout 
by the addition of sodium hydroxide, and filtered. The excess of alkali in the cold filtrate was 
neutralised; the amino-acid, which separated, crystallised from aqueous alcohol in almost 
colourless, flat, rectangular prisms, m. p. 225°, resolidifying and melting again at 300° (decomp.) 
(yield, 3-2 g.; 69-5%) (Found: C, 58-3; H, 4-8; N, 11-9. C,,H,,O,N,Cl requires C, 59-0; 
H, 4:6; N, 12-15%), soluble in dilute mineral acids and alkalis, and diazotisable. The Jactam, 
obtained by boiling a solution of the amino-acid in dilute hydrochloric acid, crystallised from 
alcohol in colourless prisms, m. p. 321° (Found: C, 62-1; H, 4:4. C,,H,,O,N,Cl requires 
C, 62-3; H, 43%); it does not react with nitrous acid. 

2 : 5-Diketo-3-(4’-chloro-2’-nitropheny]l)isoindolinopyrazolidocoline, obtained from _  1- 
hydroxy-3-(4’-chloro-2’-nitrophenyl)-3 : 4-dihydrophthalazine-4-acetic acid (5 g.) in a similar 
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manner to the unchlorinated compound, crystallised from glacial acetic acid in pale yellow 
prisms, m. p. and mixed m. p. 248—249° (yield, 1-75 g.; 36-9%). 

5’-Chlovo-2’-nitvo-compounds. ‘The methyl ester crystallised from methyl alcohol in yellow 
prisms, m. p. 163° (Found: C, 54-4; H, 3-6; N, 11-2; Cl, 9-45%), the ethyl ester from ethyl 
alcohol in yellow prisms, m. p. 153° (Found: C, 55-75; H, 4:1; N, 10-85; Cl, 9-25%), and 
the anilide from toluene in pale greenish-yellow needles, m. p. 223° (Found: C, 60-3; H, 3-85; 
N, 12-7; Cl, 82%). 

1-Keto-3-(5'-chloro-2’-nitrophenyl)-2-methyltetrahydrophthalazine-4-acetic acid crystallised from 
toluene or aqueous acetic acid in orange-yellow prisms, m. p. 225° (Found: C, 54-1; H, 3-8; 
N, 11-4%). Its methyl ester, which was obtained even by crystallising the preceding acid from 
methyl alcohol, formed almost colourless plates, m. p. 143° (Found: C, 55-25; H, 4-0; N, 
10-85%). 

2 : 5-Diketo-3-(5’-chloro-2’-nitrophenyl)isoindolinopyrazolidocoline, obtained from _ 1- 
hydroxy-3-(5’-chloro-2’-nitropheny])-3 : 4-dihydrophthalazine-4-acetic acid in the usual manner, 
crystallised from glacial acetic acid in pale yellow prisms, m. p. and mixed m. p. 209°. 

1-H ydroxy-3-(2’-amino- or 4’-chloro-2’-amino-phenyl)-3 : 4-dihydvophthalazine-4-acetic acid 
(XIII) and its lactam (XIV). Iron powder (3 g.; 2-5 g.) was added gradually to a boiling 
solution of 1-hydroxy-3-(2’-nitro- or 4’-chloro-2’-nitro-phenyl)-3 : 4-dihydrophthalazine-4- 
acetic acid (5 g.) in glacial acetic acid (25 c.c.; 50 c.c.) and water (25 c.c.), the mixture boiled 
for 10 minutes and filtered hot, and the cold filtrate poured into ice-water (100 c.c.). The 
precipitate was collected and extracted with cold dilute aqueous sodium carbonate, and the 
amino-acid precipitated carefully from the filtered solution with hydrochloric acid. Reduction 
with acid stannous chloride is less satisfactory. The lactam was best prepared by boiling a 
solution of the amino-acid (5 g.) in very dilute hydrochloric acid for 1 hour, colourless needles 
progressively separating. 

1-Hydroxy-3-(2’-aminophenyl)-3 : 4-dihydrophthalazine-4-acetic acid formed an almost colour- 
less powder, m. p. 160°, resolidifying at 170°, and melting again at 293—294° (yield, 3-7 g.; 
81-56%) (Found: C, 64-4; H, 5-1; N, 14:15. C,.H,,0O,;N, requires C, 64-6; H, 5-05; N, 
14-15%), soluble in dilute mineral acids and alkalis. All attempts to crystallise it gave the 
lactam, colourless needles, m. p. 293° (yield, 4 g.; 85:2%) (Found: C, 69-15; H, 4-7; N, 15-0. 
C,,H,,0,N, requires C, 68-8; H, 4-7; N, 15-05%), insoluble in dilute mineral acids and sodium 
carbonate solution, but soluble in hot aqueous sodium hydroxide with a yellow colour and 
reprecipitated unaltered on acidification. 

1-H ydroxy-3-(4'-chloro-2’-aminophenyl)-3 : 4-dihydrophthalazine-4-acetic acid formed. an 
almost colourless powder, m. p. 214°, resolidifying at 220°, and melting again at 304° (yield, 
3 g.; 65-99%) (Found: C, 58-5; H, 4:6; N, 12-35. C,,H,,O,;N,Cl requires C, 57-9; H, 4-2; 
N, 12-65%). The /actam crystallised in fine colourless needles, m. p. 304° (yield, 3-75 g.; 79-7%) 
(Found: C, 61:2; H, 4:0; N, 13-35; Cl, 11-1. C,gH,,0,N;Cl requires C, 61-2; H, 3-8; N, 
13-4; Cl, 11-3%). 

1-H ydroxy-3-(5'-chloro-2’-aminophenyl)-3 : 4-dihydrophthalazine-4-acetic acid lactam crystall- 
ised from alcohol in colourless needles, m. p. 303—304° (Found: C, 60-9; H, 4-1; N, 13-2%). 

Action of Sulphuric Acid on 1-Hydroxy-3-(2’-aminophenyl)-3 : 4-dihydrophthalazine-4-acetic 
Acid.—The acid (10 g.) or its lactam (9-4 g.) was refluxed with concentrated sulphuric acid 
(25 c.c.) and water (25 c.c.) for 14 hours, the solution then diluted with water (100 c.c.) and 
filtered, and the cold filtrate almost neutralised with sodium carbonate. The product separated 
in orange needles which, recrystallised from water with addition of a little sulphuric acid, 
formed long straw-coloured needles (7 g.), softening at 95—100° and decomposing at 190— 
215°. This sulphate was basified by grinding with warm sodium carbonate solution; the 
substance then melted at 165°. It is soluble in water, but interference colours soon appear 
on the surface of the solution and eventually a dark precipitate separates; mere boiling with 
alcohol, nitrobenzene, pyridine, or aqueous sodium carbonate converts it into colourless needles 
which do not melt at 360°. On the other hand, it is soluble in mineral acids and alkalis, and 
is converted into o-benzylenebenziminazole (see below) by boiling with acid stannous chloride 
and tin. Although the substance thus has the properties of 2’-amino-3-phenylphthalaz-1l-one, 
repeated analyses did not support this constitution and the results of the analysis of the product 
of an attempted acetylation also could not be interpreted. 

4’-Chloro-2’-amino-3-phenylphthalaz-1-one.—1-Hydroxy-3-(4’-chloro-2’-aminophenyl) -3 : 4- 
dihydrophthalazine-4-acetic acid (20 g.) or its lactam (19 g.) was refluxed with dilute sulphuric 
acid (55 c.c., b. p. 140°) for 2 hours, and the base isolated as described for the preceding substance. 
4’-Chloro-2'-amino-3-phenylphthalaz-1-one crystallised from alcohol in pale greenish-yellow 
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prisms, darkening at 200° and subliming slowly at 300—350° (yield, 12 g.; 73-2%) (Found: 
C, 61-9; H, 4:0; N, 15-6; Cl, 13-3; M in phenol, 284. C,,H,,ON,Cl requires C, 61-9; H, 
3-7; N, 15-5; Cl, 13-1%; M, 271-5), soluble in dilute mineral acids with an orange colour 
and insoluble in alkalis. The acetyl derivative crystallised from aqueous alcohol or dilute 
acetic acid in pale yellow needles, m. p. 130—131° (Found: C, 61-6; H, 4-0. C,,H,,O,N,Cl 
requires C, 61-2; H, 3-8%). 

o-Benzylene- or 5-Chloro-o-benzylene-benziminazole (XV).—(a) Finely powdered 1-hydroxy- 
3-(2’-nitro- or 4’-chloro-2’-nitro-phenyl)-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) was 
added gradually to a boiling solution of stannous chloride (50 g.; 40 g.) in concentrated hydro- 
chloric acid (120 c.c.; 100 c.c.). After refluxing (2 hours; 1 hour), granulated tin (30 g.; 
20 g.) and concentrated hydrochloric acid (50 c.c.) were added to the solution, and the mixture 
was refluxed for a further 6 hours. The product separated progressively in colourless needles, 
which were filtered off and dissolved in boiling water containing a little hydrochloric acid 
(charcoal). Tin was removed with hydrogen sulphide, and the filtered solution basified 
with sodium carbonate (yield, 3 g.; 47-6%: 1g.; 15%). (0) A solution of 1-hydroxy-3- 
(2’-amino- or 4’-chloro-2’-amino-pheny]l)-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) in 
concentrated sulphuric acid (25 c.c.) and water (30 c.c.) was refluxed (2 hours; 1 hour), then 
zinc dust (6 g.; 12 g.) added gradually, and refluxing continued for 1 hour. The mixture was 
diluted with water (60 c.c.), boiled (charcoal), and filtered, the filtrate rendered strongly alkaline 
with ammonia with ice-cooling, and the product crystallised (yield, 4-4 g.; 63-4%: 49 g.; 
67:5%). 

o-Benzylenebenziminazole crystallised from aqueous alcohol in colourless, transparent, 
rectangular plates, m. p. 212° (Found: C, 81-6; H, 5-05; N, 13-4. Calc. for CygH,,N,: C, 
81-55; H, 4-85; N, 13-6%), identical with that obtained by Thiele and Falk (Annalen, 1906, 
347, 125) by condensing o-phthalaldehyde with o-phenylenediamine. In confirmation it was 
oxidised in acetic acid solution by potassium permanganate to o-benzoylenebenziminazole, 
long, fine yellow needles, m. p. 211°, converted by dissolution in boiling sodium carbonate 
solution and acidification into phenylbenziminazole-o-carboxylic acid, colourless needles, 
m. p. 270°. 

5-Chloro-o-benzylenebenziminazole crystallised from aqueous alcohol in colourless transparent 
plates, m. p. 242° (Found: N, 11-35. C,,H,N,Cl requires N, 11-6%), identical with the product 
obtained by boiling a solution of o-phthalaldehyde (1 g.) in water (400 c.c.) with 4-chloro-o- 
phenylenediamine (1-5 g.), and then adding sodium carbonate. 

5-Chloro-o-benzylenebenziminazole (2 g.) was dissolved in boiling glacial acetic acid (25 c.c.), 
3% potassium permanganate solution added, and the mixture warmed on the water-bath until 
a faint pink colour persisted. The mixture was cooled in ice, sulphur dioxide introduced to 
dissolve the manganese dioxide, and the yellow precipitate filtered off. 

5-Chlovro-o-benzoylenebenziminazole (XVI) crystallised from alcohol or toluene in fine yellow 
needles, m. p. 156° (Found: N, 11-25. C,,H,ON,Cl requires N, 11-0%). 

5-Chloro-2-phenylbenziminazole-o-carboxylic acid (XVII), obtained by dissolving the preceding 
compound in boiling aqueous sodium carbonate and acidifying the cold colourless solution 
with acetic acid, crystallised from glacial acetic acid in small, colourless, prismatic needles, 
m. p. 285° (Found: N, 10-2. C,,H,O,N,Cl requires N, 10-3%). 

2’-Nitro- or 4’-Chloro-2’-nitro-3-phenylphthalaz-l-one (XVIII).—A solution of 1-hydroxy- 
3-(2’-nitro- or 4’-chloro-2’-nitro-pheny]l)-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) in con- 
centrated sulphuric acid (25 c.c.) was diluted with water (30 c.c.) and refluxed for 2 hours; 
solution was then almost complete. The hot liquid was filtered through glass wool into ice 
(150 g.) and neutralised with sodium hydroxide with ice-cooling. The yellow precipitate was 
ground with cold dilute sodium carbonate solution, and the residue filtered off and washed 
with water. 

2’-Nitro-3-phenylphthalaz-l-one crystallised from methyl alcohol in yellow prisms, m. p. 
266° (yield, 0-4 g.; 4-9%) (Found: C, 63-1; H, 3-3; N, 16-05. C,,H,O,N, requires C, 62-9; 
H, 3-4; N, 15-7°%), insoluble in sodium carbonate, but soluble in warm dilute sodium hydroxide 
solution with a purple colour; it was soluble in mineral acid, but no salt could be isolated from 
the solution. Reduction with aqueous sodium sulphide gave an intractable resin. The picrate 
crystallised from ethyl acetate or methyl alcohol in yellow prisms, m. p. 214—215° (Found : 
N, 16-75. C,,H,,0,,N, requires N, 16-9%). 

4’-Chloro-2’-nitro-3-phenylphthalaz-1-one crystallised from methyl] alcohol in yellow prismatic 
needles, m. p. 233° (yield, 3-8 g.; 45-6%) (Found: C, 53-1; H, 3-25; N, 14-2; Cl, 11-85. 
C,,H,O,N,Cl requires C, 53-4; H, 3-4; N, 13-9; Cl, 11-8%), soluble in warm dilute sodium 
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hydroxide solution with a magenta colour, and sparingly soluble in mineral acids. Reduction 
with aqueous sodium sulphide gave a resinous product, but reduction with zinc dust and dilute 
sulphuric acid gave 4’-chloro-o-benzylenebenziminazole. 

Action of methyl sulphate. 2’-Nitro- or 4’-chloro-2’-nitro-3-phenylphthalaz-l-one (1 g.) in 
dry nitrobenzene (20 c.c.; 25 c.c.) was heated (110—120°; 140°), and methyl sulphate (0-6 g.) 
added slowly. After } hour, the orange product was isolated (cf. J., 1928, 2554). 

The 2’-nitro-derivative (XIX) crystallised from methyl alcohol in yellow needles, m. p. 
135° (Found : C, 61-25; H, 4-9; N, 13-6. C,,H,,;0,N; requires C, 61-35; H, 4-8; N, 13-4%), 
and from ethyl alcohol in yellow needles, m. p. 150°. Both compounds are decomposed by heat, 
but without formation of 4-keto-1-methoxy-3-(2’-nitrophenyl)-3 : 4-dihydrophthalazine. 

The 4’-chlovo-2’-nitro-derivative (XIX) crystallised from methyl alcohol in yellow plates, 
m. p. 138° (Found: C, 55-6; H, 4-1; N, 11-6; OMe, 17-8. C,gH,sO,N;Cl requires C, 55-25; 
H, 4:0; N, 12-1; OMe, 17-8%), and from ethyl alcohol in yellow plates, m. p. 110° (Found : 
C, 56-6; H, 4:5; N, 11-2. C,,H,,0,N,Cl requires C, 56-4; H, 4-4; N, 11-6%). Both com- 
pounds are decomposed by heat, but without formation of 4-keto-1-methoxy-3-(4’-chloro-2’- 
nitropheny]l)-3 : 4-dihydrophthalazine. 

2’-Nitro- or 4’-Chloro-2'-nitro-3-phenyl-4-methylphthalaz-1l-one.—A solution of 1-hydroxy- 
3-(2’-nitro- or 4’-chloro-2’-nitro-pheny]l)-3 : 4-dihydrophthalazine-4-acetic acid (10 g.) in cold 
concentrated sulphuric acid (75 c.c.) was poured into ice-water (300 g.), and a solution of sodium 
dichromate (7 g.; 8-5 g.) in water (20 c.c.) added at 30° during } hour with good agitation. 
After 3 hours’ stirring, the mixture was left over-night at 30° and then neutralised with anhydrous 
sodium carbonate with ice-cooling. The yellow precipitate was washed with warm dilute 
sodium carbonate solution and then with water. 

2’-Nitro-3-phenyl-4-methylphthalaz-l-one crystallised from alcohol in yellow prisms, m. p. 
226° (decomp.) (yield, 7-5 g.; 87-3%) (Found: C, 64-3; H, 3-65; N, 15-0. C,;H,,O,N; 
requires C, 64-1; H, 3-9; N, 14-9%), insoluble in sodium carbonate, but soluble in hot dilute 
sodium hydroxide solution with a brownish-red colour, and soluble in warm dilute mineral 


acids. The picrate crystallised from methyl alcohol in small yellow prisms, m. p. 217° (Found : 


N, 16-4. C,,H,,0,)N, requires N, 16-5%). 

4’-Chloro-2’-nitro-3-phenyl-4-methylphthalaz-\-one crystallised from alcohol in greenish- 
yellow prismatic needles, m. p. 237° (yield, 6 g.; 68-7%) (Found: C, 57-3; H, 3-4; N, 13-7; 
Cl, 10-9. C,,;H,,0,N,Cl requires C, 57-1; H, 3-2; N, 13-3; Cl, 11-1%), soluble in hot sodium 
hydroxide solution with a dull purple colour, and soluble in dilute mineral acids. The picrate 
crystallised from alcohol in small, yellow, prismatic needles, m. p. 233° (Found: N, 15-4. 
Cy1Hj30,)N,Cl requires N, 15-4%). 

Action of methyl sulphate. A solution of 2’-nitro- or 4’-chloro-2’-nitro-3-phenyl-4-methyl- 
phthalaz-l-one (1 g.) in dry nitrobenzene (20 c.c.) was kept at 110—120°, and methyl sulphate 
(0-5 g.) added. After }? hour, the reddish-brown base was isolated, but it resisted crystallisation. 
It was insoluble in alkalis, but very soluble in dilute mineral acids, and the crude material 
contained a methoxy-group (Found: OMe, 10-0. C,,H,,0,N,; requires OMe, 10-56%) (Found : 
OMe, 8-0. C,,H,,0,N,Cl requires OMe, 9-4%), but the properties were not those of a compound 
containing a reactive methylene group. 

2’-A mino- or 4’-Chloro-2’-amino-3-phenylphthalaz-1-one-4-acetic A cid Lactam (XX).—Asolution 
of 1-hydroxy-3-(2’-amino- or 4’-chloro-2’-amino-phenyl)-3 : 4-dihydrophthalazine-4-acetic acid 
(10 g.) in concentrated sulphuric acid (50 c.c.; 150 c.c.) was poured on ice (250 g.; 500 g.), 
and a solution of sodium dichromate (12 g.; 10 g.) in water (50 c.c.) was added slowly to the 
resulting suspension at constant temperature (20°; 0°) with rapid stirring. The colourless 
precipitate dissolved at first with colour development (deep red; intense violet), the mixture 
then became orange-brown and an orange-brown precipitate separated, which was filtered off, 
ground with warm dilute sodium carbonate solution, and washed with hot water. The same 
product was obtained by using the amino-acid lactam (XIV) and carrying out the treatment 
with acid dichromate at 50°. 

2’-A mino-3-phenylphthalaz-1-one-4-acetic acid lactam crystallised from dilute acetic acid in 
colourless prisms, or from glacial acetic acid in colourless fine needles, m. p. 302° (yield, 7-5 g. ; 
80-4%) (Found : C, 69-45; H, 4-1; N, 14-9. C,,H,,O,N; requires C, 69-3; H, 4-0; N, 15-15%), 
sparingly soluble in alcohol or benzene. It is insoluble in sodium carbonate, but dissolves in 
warm dilute sodium hydroxide solution with an orange colour, and is soluble in moderately 
concentrated mineral acids. 

4’-Chloro-2’-amino-3-phenylphthalaz-\-one-4-acetic acid lactam crystallised from dilute 
acetic acid in colourless needles, m. p. 314° (yield, 6 g.; 63-8%) (Found: C, 61-2; H, 3-35; 
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N, 13-8; Cl, 11-25. C,gH,,O,N,Cl requires C, 61-6; H, 3-2; N, 13-5; Cl, 11-4%). Itis similar 
in properties to the unchlorinated analogue, but when it is dissolved in hot dilute sodium 
sulphide solution and cooled, the amino-acid separates as a yellow precipitate, m. p. 287°, 
resolidifying and then melting at 314°, from which the lactam is regenerated on keeping or 
washing with dilute acetic acid. . 

2’-Amino- or 4’-Chloro-2’-amino-3-phenyl-4-methylphthalaz-\-one (XXI).—(a) A solution of 
sodium sulphide crystals (10 g.) in water (10 c.c.; 25 c.c.) was added to a fine suspension of the 
preceding lactam (5 g.) in boiling water (200 c.c.; 50 c.c.). An orange solution was obtained 
in 1 minute and the product separated progressively on concentration of the solution (yield, 
2-8 g.; 618%: 3-1 g.; 67-7%). Sodium hydroxide can be used in place of sodium sulphide, 
but is less satisfactory. (b) A solution of sodium sulphide crystals (10 g.) in water (20 c.c.) 
was added to a suspension of 2’-nitro- or 4’-chloro-2’-nitro-3-pheny]l-4-methylphthalaz-1l-one 
(5 g.) in boiling water (200 c.c.). A solution was obtained and then the amino-compound 
separated progressively on continued boiling (yield, 3-2 g.; 71-6%: 3 g.; 66-3%). 

2’-A mino-3-phenyl-4-methylphthalaz-1-one crystallised from pyridine in pale yellow, prismatic 
needles, m. p. 218° (Found: C, 71-8; H, 5-3; N, 16-7. C,;H,,ON; requires C, 71-7; H, 5-2; 
N, 16-7%), insoluble in alkalis, but readily soluble in dilute mineral acids. The acetyl deriv- 
ative crystallised from alcohol in pale pink prisms, m. p. 274° (Found: C, 69-6; H, 5-3; N, 
14:15. C,,H,,O,N, requires C, 69-6; H, 5-1; N, 143%). 

4’-Chloro-2’-amino-3-phenyl-4-methylphthalaz-1-one crystallised from alcohol in pale yellow, 
prismatic needles, m. p. 257° (Found: C, 63-2; H, 4-3; N, 14-8; Cl, 12-4. C,,H,,ON,Cl 
requires C, 63-1; H, 4-2; N, 14-7; Cl, 12.4%). The acetyl derivative crystallised from aqueous 
alcohol in colourless plates, m. p. 296° (Found: C, 62-2; H, 4-6. C,,H,,O,N,Cl requires C, 
62-3; H, 4:3%), rapidly turning blue on exposure to light. 

1-Keto-3-(2’-amino- or 4’-chloro-2’-amino-phenyl)-4-methyltetrahydrophthalazine (XXII).—A 
solution of 2’-nitro- or 4’-chloro-2’-nitro-3-phenyl-4-methylphthalaz-l-one (5 g.) in concentrated 
sulphuric acid (25 c.c.; 20 c.c.) and water (30 c.c.) was boiled, and zinc dust (5 g.; 10g.) added 
gradually during 10 minutes. Water (50 c.c.; 100 c.c.) was then added, the mixture boiled 
until almost colourless and filtered, the filtrate rendered strongly alkaline with ammonia with 
ice-cooling, and the product crystallised. It was also obtained by using the amino-compound 
in place of the nitro-compound in a similar reduction. 

1-Keto-3-(2’-aminophenyl)-4-methyltetrahydrophthalazine crystallised from ethyl acetate in 
pale yellow prisms, m. p. 221° (yield, 1-5 g.; 33-3%) (Found: C, 71-4; H, 6-0; N, 16-4. 
C,,H,,ON, requires C, 71-15; H, 5-9; N, 16-6%), insoluble in alkalis, but soluble in dilute 
mineral acids. 

1-Keto-3-(4’-chlovo-2’-aminophenyl)-4-methylietrahydrophthalazine (yield, 3 g.;  65-8%) 
crystallised from benzene in colourless needles, containing associated solvent and rapidly 
becoming opaque, m. p. 200° (Found: C, 63-0; H, 5-05; N, 15-4; Cl, 12-6; M in naphthalene, 
270. C,,H,,ON,Cl requires C, 62-6; H, 4-9; N, 14-6; Cl, 12-3%; M, 287-5). 
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421. A Reaction of Certain Diazosulphonates derived from B-Naphthol- 
l-sulphonic Acid. Part XIV. Preparation of 1 : 4-Diketo-3-(nitro- 
aryl)tetrahydrophthalazines or 4-Keto-1-hydroxy-3-(nitroaryl)-3 : 4-di- 
hydrophthalazines and Related Compounds. 

By F. M. Rowe, J. G. GILtan, and A. T. PETERs. 


THE methylated base formed by the interaction of 4’-nitro-3-phenylphthalaz-l-one (I) with 
methyl sulphate in nitrobenzene solution combines with alcohols, and the resulting com- 
pounds (II), heated at 110° and then at 140°, are converted into 4-keto-l1-methoxy-3- 
(4'-nitrophenyl)-3 : 4-dihydrophthalazine (III), which is readily demethylated with form- 


















derived from B-Naphthol-\-sulphonic Acid. Part XIV. 1809 


ation of 1 : 4-diketo-3-(4'-nitrophenyl)tetrahydrophthalazine (IV) (J., 1928, 2552). The 
same series of reactions occurs with 3’-nitro- and 4’-nitro-2'-methyl-3-phenylphthalaz-l-one 
(J., 1928, 2557; 1932, 474), but 2’ : 6’-dichloro- and 2’ : 6’-dibromo-4’-nitro-, 2’-chloro- 
and 2’-bromo-4’-nitro-, and 2’-nitro-3-phenylphthalaz-l-one do not give the corresponding 
4-keto-1-methoxy-3-(nitroaryl)-3 : 4-dihydrophthalazines (J., 1931, 1076; 1932, 13; this 
vol., pp. 1135, 1807). As only three 1 : 4-diketo-3-(nitroaryl)tetrahydrophthalazines were 
obtained in the above way and as the course of the reactions leading to their formation 
was rather complicated, we have synthesised some of these compounds. 
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p-Nitrophenyihydrazine and phthalic anhydride in equimolecular proportion react in 
cold chloroform to form o-carboxybenzo-4'-nitrophenylhydrazide (V) almost quantitatively. 
It is converted by boiling nitrobenzene into phthalyl-4’-nitrophenylhydrazide (“ «-phthalyl- 
p-nitrophenylhydrazine ’’) (VI), prepared by Biilow and Deseniss (Ber., 1906, 39, 2281) 
from p-nitrophenylhydrazine (2 mols.) and phthalylacetylacetone (1 mol.) in glacial acetic 
acid solution. The same compound is also obtained directly in good yield by melting an 
intimate mixture of -nitrophenylhydrazine (2 mols.) and phthalic anhydride (1 mol.). 
Phthalyl-4’-nitrophenylhydrazide dissolves immediately in cold ethyl-alcoholic sodium 
ethoxide and when this deep red solution of the sodium salt of o-carboxybenzo-4’-nitro- 
phenylhydrazide is refluxed for 18 hours (cf. Chattaway and Tesh, J., 1920, 117, 719), 
conversion into 1 : 4-diketo-3-(4'-nitrophenyl)tetrahydrophthalazine (‘‘ 8-phthalyl-p-nitro- 
phenylhydrazine ”’) (IV), identical with that obtained from 4’-nitro-3-phenylphthalaz-l-one, 
occurs to the extent of about 30%. 

Attempts to prepare (IV) by the oxidation of the closely related 4’-nitro-3-phenyl- 
phthalaz-4-one (J., 1928, 2555) with a variety of oxidising agents, and by the interaction 
of benzoyl- or acetyl-p-nitrophenylhydrazine and phthalic anhydride, were unsuccessful, 
although Hétte (J. pr. Chem., 1886, 33, 99) obtained 1 : 4-diketo-3-phenyltetrahydro- 
phthalazine from benzoylphenylhydrazine in the latter way. 

1 : 4-Diketo-3-(4’-nitrophenyl)tetrahydrophthalazine, being similar in structure to 
phthalaz-1 : 4-dione or 1 : 4-dihydroxyphthalazine (J., 1933, 1331), may exist in the two 
tautomeric forms (IV) and (IVa). It appears probable from all its properties, however, 
that it actually reacts only as 4-keto-1-hydroxy-3-(4’-nitropheny])-3 : 4-dihydrophthalazine 
(IVa), but the nomenclature of (IV) is retained in the present communication to avoid 
confusion with previous papers in this series. We have prepared the acetyl derivative 
by the action of acetic anhydride on 1 : 4-diketo-3-(4’-nitropheny]l)tetrahydrophthalazine, 
and of acetyl chloride on its silver salt in dry benzene. It is readily hydrolysed and is 
undoubtedly 4-keto-1-acetoxy-3-(4'-nitrophenyl)-3 : 4-dihydrophthalazine. Unlike 4’-nitro-3- 
phenylphthalaz-l-one, 1 : 4-diketo-3-(4’-nitrophenyl)tetrahydrophthalazine does not react 
with methyl sulphate in dry nitrobenzene, and, although it forms a red sodium salt, a methyl 
ether is not obtained from this salt, aqueous methyl-alcoholic sodium hydroxide and methyl 
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iodide, either by refluxing or by heating in a sealed tube at 140—145°. On the other 
hand, refluxing the silver salt with methyl-alcoholic methyl iodide gives 4-keto-1-methoxy- 
3-(4'-nitrophenyl)-3 : 4-dihydrophthalazine, identical with that obtained from 4’-nitro-3- 
phenylphthalaz-l-one. This method of preparation and the ease of demethylation confirm 
that the compound is actually the O-ether. 

As we were unable to prepare an N-ether in the above case or from any other | : 4- 
diketo-3-(nitroaryl)tetrahydrophthalazine that we have now made, we re-examined the 
alkylation of 1: 4-diketo-3-phenyltetrahydrophthalazine, because Meyer and Hotte 
(J. pr. Chem., 1887, 35, 287) described a “‘ 8-phthalylphenylhydrazine ethyl ether,” m. p. 
105—106°, which they regarded as the N-ether, as did also Chattaway and Tesh (loc. cit., 
p. 713), who gave m. p. 109°. We prepared this compound by refluxing 1 : 4-diketo-3- 
phenyltetrahydrophthalazine with alcoholic potassium hydroxide and ethyl iodide, and 
also by refluxing the silver salt with ethyl-alcoholic ethyl iodide. It is readily de-ethylated 
and there is no doubt that it is actually the O-ether, 4-keto-1-ethoxy-3-phenyl-3 : 4-dihydro- 
phthalazine. Consequently, an aryl residue in position 3 has the same effect as an alkyl 
group in preventing the formation of an N-ether subsequently, for 1-hydroxy-3-methyl- 
phthalaz-4-one also only forms an O-ether (J., 1933, 1333). 

The synthetic method described above for the preparation of 1 : 4-diketo-3-(nitroary]l)- 
tetrahydrophthalazines has limitations: although the use of m- and o-nitro-, 4-nitro-2- 
methyl-, 2-chloro- and 2-bromo-4-nitro-, and 2 : 6-dichloro- and 2 : 6-dibromo-4-nttro-phenyl- 
hydrazine in place of p-nitrophenylhydrazine gave in all cases the corresponding 0-carboxy- 
benzonitroarylhydrazides, from which the phthalylnitroarylhydrazides were obtained 
similarly, only in the first three of these cases could the latter be converted into the 1 : 4- 
diketo-3-(nitroaryl)tetrahydrophthalazines. Under no conditions were we able to prepare 
any of the halogeno-4’-nitro-analogues by this method, for refluxing the phthalylhalogeno- 
4’-nitrophenylhydrazides with alcoholic sodium ethoxide or amyloxide for 60 hours merely 
gave the corresponding o-carboxybenzophenylhydrazides, and heating with an alcoholic 
sodium alkoxide and an alkyl iodide in a sealed tube at 170° was also ineffective. The 
influence of substituents on the ease of formation of such 1 : 4-diketo-3-(nitroaryl)tetra- 
hydrophthalazines as could be prepared by this method is in the order 3-nitro- > 4- 
nitro- > 4-nitro-2-methyl- > 2-nitro-compounds. In fact, 1 : 4-diketo-3-(2'-nttrophenyl)- 
tetrahydrophthalazine is obtained only in traces, whereas the 3’-nitro-analogue is the only 
nitro-compound of those examined that is formed to some extent directly by refluxing the 
o-carboxybenzonitrophenylhydrazide with nitrobenzene, and the yield obtained from 
phthalyl-3’-nitrophenylhydrazide by refluxing with alcoholic sodium ethoxide approaches 
the theoretical. These observations are in agreement with those made during the prepar- 
ation of mononitro-3-phenyl-l-methylphthalaz-4-ones from acetophenone-o-carboxylic 
acid and o-, m-, and p-nitrophenylhydrazine, where again the order of the ease of ring closure 
is m-> p-> 0-> (J., 1931, 1920); other cases of the influence of substituents on the 
formation of six-membered rings are being investigated. 

Finally, a simple and almost generally applicable method permitted the preparation 
of 1 : 4-diketo-3-(nitroaryl)tetrahydrophthalazines that we could not obtain in any other 
way. It had already been found that 1-hydroxy-3-(nitroaryl)-3 : 4-dihydrophthalazine-4- 
acetic acids are converted by boiling dilute sulphuric acid into nitro-3-arylphthalaz-1l-ones 
(J., 1928, 2250), whereas they are converted by cold acid dichromate into nitro-3-aryl-4- 
methylphthalaz-l-ones, one of which was also obtained by the use of a warm solution of 
potassium permanganate in commercial pyridine (J., 1931, 1070). The newreaction con- 
sists in the vigorous oxidation of hot aqueous suspensions of the hydroxy-compounds 
‘rith excess of potassium permanganate, whereby 1 : 4-diketo-3-(nitroaryl)tetrahydro- 
phthalazines are obtained, usually in good yield. The only exception noted was that of 
the 2’ : 6’-dibromo-4’-nitro-compound, with which the reaction could not be controlled 
and there was always considerable elimination of bromine, so that only a little 1 : 4-diketo-3- 
(2’ : 6'-dibromo-4'-nitrophenyl)tetrahydrophthalazine was isolated. On the other hand, 
the reaction proceeded normally with the 2’-bromo-4’-nitro-analogue without elimination 
of bromine. Methylation did not occur when the silver salts of the 1 : 4-diketo-3-(halogeno- 
4’-nitropheny]l)tetrahydrophthalazines were refluxed with methyl-alcoholic methyl iodide, 





derived from B-Naphthol-\-sulphonic Acid. Part XIV. 1811 


but the 4-keto-l-methoxy-3-(halogeno-4'-nitrophenyl)-3 : 4-dihydrophthalazines were 
obtained by using dry benzene in place of methy] alcohol. 


EXPERIMENTAL. 


Details of the quantities and procedure used in the preparation of the 4’-nitro-compounds, 
and their properties, apply also to the corresponding compounds described subsequently, 
unless otherwise stated. 

0-Carboxybenzo-4'-nitrophenylhydrazide (V).—Solutions of -nitrophenylhydrazine (5 g. 
in 500 c.c.) and of phthalic anhydride (5 g. in 150 c.c.) in chloroform were mixed and the pale 
yellow solid formed was filtered off after 12 hours. o-Carboxybenzo-4’-nitrophenylhydvazide 
crystallised from glacial acetic acid in almost colourless needles, m. p. 241—245° (yield, 8-5 g.; 
86-4%, calculated on the p-nitrophenylhydrazine) (Found: C, 55-5; H, 3-9; N, 14-0. 
C,,4H,,0,N, requires C, 55-8; H, 3-65; N, 13-95%), which became light brown on keeping. 
It is unnecessary to dissolve the reactants separately, and in a second experiment in which the 
solids were added to the above chloroform filtrate and left over-night, the yield was almost 
quantitative. The hydrazide is sparingly soluble in benzene, chloroform, or alcohol, but soluble 
in cold dilute sodium carbonate solution with a deep red colour, and is reprecipitated unaltered 
on acidification. 

Phthalyl-4’-nitrophenylhydrazide (V1).—(1) An intimate mixture of p-nitrophenylhydrazine 
(10 g.) and phthalic anhydride (5 g.) was melted by heating to 150° during 10 minutes. After 
cooling, the mass was powdered and extracted with warm alcohol, and the residue crystallised 
(yield, 7 g.; 73-2%, calculated on the phthalic anhydride). (2) o-Carboxybenzo-4’-nitropheny]l- 
hydrazide (25 g.) was refluxed with nitrobenzene (150 c.c.) for 1 hour (yield, 20-2 g.; 85-9%). 
Phthalyl-4’-nitrophenylhydrazide crystallised from glacial acetic acid in very pale yellow, 
transparent plates, m. p. 248° (Found: C, 59-5; H, 3-0; N, 14-8. Calc. for C,,H,O,N;: 
C, 59-35; H, 3-2; N, 14-8%), sparingly soluble in benzene or chloroform, but more soluble in 
alcohol. It is insoluble in dilute mineral acids, but dissolves gradually in boiling dilute sodium 
carbonate solution with a red colour and the o-carboxybenzo-hydrazide is precipitated on acidi- 
fication. 

1 : 4-Diketo-3-(4’-nitrophenyl)tetvahydrophthalazine (IV).—(a) Phthalyl-4’-nitrophenylhydr- 
azide (20 g.) was warmed with sodium (2 g.) in dry alcohol (100 c.c.) and the deep red solution 
was refluxed for 18 hours, poured on ice (500 g.), and acidified with hydrochloric acid. The 
precipitate was collected and extracted with cold dilute sodium carbonate solution, and the 
extract acidified (yield, 6-1 g.; 30-5%). (b) Powdered potassium permanganate (15 g.) was 
added in small portions during 10 minutes to a suspension of 1-hydroxy-3-(4’-nitropheny]l)- 
3: 4-dihydrophthalazine-4-acetic acid (10 g.) in water (100 c.c.) at 70°; the reaction was vigorous. 
The mixture was finally boiled and filtered, and the yellow filtrate diluted with water (100 c.c.), 
cooled, and acidified with hydrochloric acid (yield, 6-2 g.; 71-6%). 1: 4-Diketo-3-(4’-nitro- 
phenyl)tetrahydrophthalazine crystallised from glacial acetic acid in almost colourless needles, 
m. p. 307° (Found: C, 59-4; H, 3-3; N, 15-0. Calc. for C,,H,O,N,: C, 59-35; H, 3-2; N, 
14-8%), identical with the compound obtained from 4’-nitro-3-phenylphthalaz-l-one (J., 1928, 
2554). Attempts to prepare the 2’-bromo-derivative (p. 1813) by the action of bromine on a 
glacial acetic acid or chloroform solution of 1 : 4-diketo-3-(4’-nitropheny])tetrahydrophthalazine 
in presence of anhydrous aluminium bromide were unsuccessful. The silver salt, prepared via 
the ammonium salt, crystallised in small yellow needles (yield, 94-3%) (Found: Ag, 27-9. 
C,,H,O,N,Ag requires Ag, 27-7%). 

4-Keto-1-acetoxy-3-(4’-nitrophenyl)-3 : 4-dihydrophthalazine.—(i) The preceding silver salt 
(1 g.) was refluxed with acetyl chloride (0-4 c.c.) and dry benzene (20 c.c.) for 4 hour, and then 
part of the benzene was removed (yield, 0-7 g.; 84%). (ii) 1: 4-Diketo-3-(4’-nitrophenyl)- 
tetrahydrophthalazine (1 g.) was boiled with acetic anhydride (10 c.c.) for 3 minutes and then 
cooled (yield, 0-8 g.; 69-7%). 4-Keto-l-acetoxy-3-(4'-nitrophenyl)-3 : 4-dihydrophthalazine 
crystallised from benzene in pale yellow prisms, m.p. 222° (Found: C, 59-3; H, 3-5. 
C,,H,,0,N,; requires C, 59-1; H, 3-4%), insoluble in alkalis, and hydrolysed readily by boiling 
aqueous alcohol containing a little hydrochloric acid to 1 : 4-diketo-3-(4’-nitropheny]l)tetra- 
hydrophthalazine. ° 

4-Keto-1-methoxy-3-(4’-nitrophenyl)-3 : 4-dihydrophthalazine (III).—The above silver salt 
(2 g.) was refluxed with methyl iodide (0-6 c.c.) and dry methyl alcohol (20 c.c.) for } hour, 
the hot mixture filtered, the residue extracted with boiling methyl alcohol, and the combined 
filtrates concentrated. The methoxy-compound crystallised in almost colourless needles, m. p. 
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199° (yield, 1-2 g.; 78-8%), identical with the compound obtained from 4’-nitro-3-phenyl- 
phthalaz-l-one (loc. cit.). 

o-Carboxybenzo-3'-nitrophenylhydrazide separated from the chloroform solution in small, 
pale yellow prisms, m. p. 193—194° with ring closure, resolidifying, and melting again at. 217— 
219° (yield, 9-75 g.; 99-1%) (Found: C, 55-3; H, 3-8; N, 140%), soluble in dilute sodium 
carbonate solution with a yellow colour. 

Phthalyl-3’-nitrophenylhydrazide.—The preceding hydrazide (20 g.) was refluxed with nitro- 
benzene (75 c.c.) for 1 hour; the crystals which separated on cooling consisted of two portions, 
one insoluble and the other soluble in cold dilute sodium carbonate solution. 

Phthalyl-3'-nitrophenylhydrazide (the former) crystallised from glacial acetic doid in pale 
yellow prisms, m.p. 227—-228° (yield, 11-1 g.; 59%) (Found: C, 592; H, 3-4; N, 150%). 
The soluble portion was 1 : 4-diketo-3-(3’-nitrophenyl)tetrahydrophthalazine, m. p. 280° (yield, 
3 g.; 16%), which is not formed by boiling phthalyl-3’-nitrophenylhydrazide with nitrobenzene, 
but is formed directly from the o-carboxybenzohydrazide. 

1 : 4-Diketo-3-(3’-nitrophenyl)tetrahydrophthalazine [Method (a), 5 hours (yield, 18 g.; 
90%). Method (d) (yield, 5-8 g.; 67%)] crystallised from alcohol in colourless needles, m. p. 
280° (Found: C, 59-2; H, 3-3; N, 15-0. Calc.: C, 59-35; H, 3-2; N, 14-8%), identical with 
the compound obtained from 3’-nitro-3-phenylphthalaz-l-one (J., 1928, 2563). The silver 
salt crystallised in small, pale yellow prisms (Found: Ag, 28-0%). 

4-Keto-l-acetoxy-3-(3'-nitrophenyl)-3 : 4-dihydrophthalazine [Method (i) (yield, 0-6 g.; 72-2%). 
Method (ii) (yield, 0-7 g.; 61%)] crystallised from dry benzene in colourless needles, m.p. 
164° (Found: N, 13-1. C,.H,,O;N; requires N, 12-9%). 

4-Keto-1-methoxy-3-(3’-nitrophenyl)-3 : 4-dihydrophthalazine crystallised from alcohol in 
long, colourless, prismatic needles, m. p. 182° (yield, 1-1 g.; 72-2%), identical with the compound 
obtained from 3’-nitro-3-phenylphthalaz-1l-one (/oc. cit.). 

o-Carboxybenzo-2’-nitrophenylhydrazide separated from the chloroform (400 c.c.) solution 
in orange-yellow needles, m. p. 290—294° (yield, 9-75 g.; 99-1%) (Found: C, 55-9; H, 3-8; 
N, 14:1%). It can be recrystallised from chloroform without ring closure and dissolves in cold 
dilute sodium carbonate solution with a bluish-violet colour. 

Phthalyl-2'-nitrophenylhydrazide.—Method (1) (yield, 6-5 g.; 68%). The yield obtained 
when o-carboxybenzo-2’-nitrophenylhydrazide (3 g.) was dissolved in boiling glacial acetic acid 
was 2-7 g. (95°7%). Phthalyl-2’-nitrophenylhydrazide crystallised from glacial acetic acid in 
pale yellow prisms, m. p. 293—294° (Found: C, 59-3; H, 3-2; N, 15:1%), soluble in boiling 
dilute sodium carbonate solution with a violet colour owing to regeneration of the original 
hydrazide. 

1 : 4- Diketo-3-(2’-nitrophenyl)tetrahydrophthalazine.—(a) Phthalyl-2’-nitrophenylhydrazide 
(15 g.) was refluxed with sodium (1-5 g.) in dry alcohol (200 c.c.) for 40 hours (yield, 0-1 g.; 
0-7%). Method (b) (yield, 4 g.; 46:2%). 1: 4-Diketo-3-(2’-nitrophenyl)tetrahydrophthalazine 
crystallised from glacial acetic acid in pale yellow prisms, m. p. 293—294° (Found: C, 59-4; 
H, 3-3; N, 14-4%), soluble in dilute sodium carbonate solution with a yellow colour. The silver 
salt crystallised in yellow needles. 

4-Keto-1-methoxy-3-(2’-nitrophenyl)-3 : 4-dihydrophthalazine—Dry benzene (20 c.c.) was 
used in place of methyl alcohol, and the mixture refluxed for } hour. The crystals which separ- 
ated from the cold filtrate were ground with dilute aqueous ammonia. 4-Keto-1-methoxy-3- 
(2’-nitrophenyl)-3 : 4-dihydrophthalazine crystallised from benzene or methyl alcohol in almost 
colourless, prismatic needles, m.p. 176—177° (yield, 0-3 g.; 19°7%) (Found: C, 60-5; H, 4-0; 
N, 13-8; OMe, 10-9. C,,H,,0O,N; requires C, 60-6; H, 3-7; N, 14:1; OMe, 10-4%), demethyl- 
ated by heating with hydrobromic acid and a little glacial acetic acid in an open tube. It could 
not be obtained from 2’-nitro-3-phenylphthalaz-l-one (this vol., p. 1807). 

o-Carboxybenzo-4’-nitro-2'-methylphenylhydrazide.—5-Nitro-o-tolylhydrazine (10 g.), phthalic 
anhydride (9-5 g.), and cold chloroform (400 c.c.) were used. The hydrazide separated in small, 
pale yellow needles, m.p. 219° (yield, 18-5 g.; 98-1%) (Found: C, 56-9; H, 4-3; N, 13-1. 
C,5H,,0,N, requires C, 57-15; H, 4-1; N, 13-3%). 

Phthalyl-4’-nitro-2'-methylphenylhydrazide.—The preceding hydrazide (20 g.) was refluxed 
with glacial acetic acid (200 c.c.) until it dissolved; the solution was boiled for } hour and cooled. 
Phthalyl-4'-nitro-2’-methylphenylhydrazide crystallised in almost colourless needles, m.p. 228° 
(yield, 15 g.; 79-5%) (Found : C, 60-3; H, 3-6; N, 13-9. C,,;H,,0O,N, requires C, 60-6; H, 3-7; 
N, 14:1%). 

1 : 4- Dikheto - 3 - (4’ - nitro- 2’ - methylphenyl)tetrahydrophthalazine.—(a) Phthalyl-4’-nitro-2’- 
methylphenylhydrazide (15 g.) was refluxed with sodium (1-5 g.) in dry alcohol (150 c.c.) for 
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26 hours, poured on ice (200 g.), and acidified. The precipitate was boiled with glacial acetic 
acid to convert any o-carboxybenzo-hydrazide into phthalyl-4’-nitro-2’-methylphenylhydrazide, 
cooled, the crystals ground with cold dilute sodium carbonate, and the filtered solution acidified 
(yield, 4 g.; 26-7%). Method (5) (yield, 5-5 g.; 63-2%). 1: 4-Diketo-3-(4’-nitro-2’-methyl- 
phenyl)tetrahydrophthalazine crystallised from alcohol in colourless hexagonal prisms, m. p. 
271° (Found: C, 60-6; H, 3-9; N, 14-3. Calc. for C,;H,,O,N,: C, 60-6; H, 3-7; N, 14:1%), 
identical with the compound obtained from 4’-nitro-3-phenyl-2’-methylphthalaz-l-one (J., 
1932, 480). The silver salt crystallised in small yellow needles (Found: Ag, 27-0. 
C,;H,,O,N,Ag requires Ag, 26-7%). 

4-Keto-1-methoxy-3-(4’-nitro-2’-methylpheny]l)-3 : 4-dihydrophthalazine crystallised from 
glacial acetic acid in colourless needles, m.p. 185° (yield, 0-9 g.; 58-4%), identical with the 
compound obtained from 4’-nitro-3-phenyl-2’-methylphthalaz-l-one (loc. cit.). 

o-Carboxybenzo-2’-chloro-4'-nitrophenylhydrazide.—2-Chloro-4-nitrophenylhydrazine, m. p. 
143° (4:7 g.) (Votocek and Rys, Coll. Czech. Chem. Comm., 1929, 1, 346), phthalic anhydride 
(4 g.), and cold chloroform (250 c.c.) were used. This gave a precipitate (3-5 g.), but by using the 
filtrate for a second preparation the yield was increased (7-5 g.; 89-2%). The hydrazide 
separated in colourless needles, m. p. 270—275° (Found: C, 50-0; H, 3-2. C,,H,,0O;N,Cl 
requires C, 50-1; H, 3-0%). 

Phthalyl-2’-chloro-4'-nitrophenylhydrazide.—The preceding hydrazide (7 g.) -was refluxed 
with nitrobenzene (50 c.c.) for 1 hour. Phthalyl-2’-chloro-4'-nitrophenylhydrazide crystallised 
from glacial acetic acid in colourless silky needles, m. p. 267° (yield, 6 g.; 90-6%) (Found: 
C, 52-9; H, 2-7; Cl, 10-9. C,,H,O,N,Cl requires C, 52-9; H, 2-5; Cl, 11-2%). 

1 : 4-Diketo-3-(2’-chloro-4’-nitrophenyl)tetrahydrophthalazine, prepared only by method (bd), 
crystallised from glacial acetic acid in colourless needles, m. p. 271—272° (yield, 2-1 g.; 23-9%) 
(Found: C, 52-5; H, 2-5; Cl, 11-5. C,,H,O,N,Cl requires C, 52-9; H, 2-5; Cl, 11-2%). The 
silver salt crystallised in small yellow needles. 

4-Keto-1-methoxy-3-(2’-chloro-4'-nitrophenyl)-3 : 4-dihydrophthalazine.—Dry benzene (20 c.c.) 
was used in place of methyl alcohol, and the mixture refluxed with methyl iodide (1 c.c.) for 
} hour. The filtrate was concentrated and the solid which separated was washed with dilute 
aqueous ammonia. @The dihydrophthalazine crystallised from benzene in pale yellow prisms, 
m. p. 193—194° (yield, 0-6 g.; 38-4%) (Found: C, 54-5; H, 3-0. C,;H,,O,N,Cl requires C, 54-3; 
H, 3-:0%). It could not be obtained from 2’-chloro-4’-nitro-3-phenylphthalaz-l-one (J., 1932, 17). 

o-Carboxybenzo-2’-bromo-4’-nitrophenylhydrazide.—2-Bromo-4-nitrophenylhydrazine, m. p. 
144° (5-8 g.) (Ciusa and Mega, Gazzetta, 1928, 58, 83), phthalic anhydride (4 g.) and cold chloro- 
form (250 c.c.) were used. This gave a precipitate (3 g.), but by using the filtrate for a second 
preparation the yield was theoretical (9-5 g.). The hydrazide separated in colourless needles, 
m. p. 232° with ring closure, resolidifying, and melting again at 280—282° (Found: C, 43-95; 
H, 2-9; Br, 20-75. C,,H,,O,N,Br requires C, 44-2; H, 2-6; Br, 21-05%). 

Phthalyl-2’-bromo-4'-nitrophenylhydrazide.—The preceding hydrazide (9-5 g.) was refluxed 
with nitrobenzene (40 c.c.) for 1 hour (yield 8 g.; 88-4%), or was boiled (2 g.) with acetic 
anhydride (2 c.c.) for 2 hours (yield, 1-2 g.; 63%); boiling with acetic anhydride for only 1 
minute gave a yellow modification of the same m. p. (cf. Chattaway and Wiinsch, J., 1911, 99, 
2256). Phthalyl-2’-bromo-4'-nitrophenylhydrazide crystallised from glacial acetic acid in colour- 
less needles, m. p. 282—283° (Found: C, 46-5; H, 2-4; Br, 22-0. C,,H,O,N,Br requires C, 
46-4; H, 2-2; Br, 22-1%). 

1 : 4-Diketo-3-(2’-bromo-4’-nitrophenyl)tetrahydrophthalazine, prepared only by method (6b), 
crystallised from glacial acetic acid in almost colourless needles, m. p. 273—274° (yield, 
5:3 g.; 594%) (Found: C, 46-4; H, 2-5; N, 11-1; Br, 22-0. C,,H,O,N,Br requires C, 46-4; 
H, 2-2; N, 11-6; Br, 22-1%). 

4-Keto-1-methoxy-3-(2’-bromo-4’-nitrophenyl)-3 : 4-dihydrophthalazine, prepared as described 
for the chloro-analogue (methyl iodide 1-5 c.c.), crystallised from benzene in small, pale yellow 
prisms, m. p. 167—168° (yield, 0-7 g.; 43-7%) (Found: C, 48-1; H, 2-8. C,,;H,,O,N,Br 
requires C, 47-9; H, 2-7%). It could not be obtained from 2’-bromo-4’-nitro-3-phenylphthalaz- 
l-one (this vol., p. 1137). 

2 : 6-Dichloro-4-nitrophenylhydrazine.—A cold solution of 2 : 6-dichloro-4-nitroaniline (21 g.) 
in concentrated sulphuric acid (150 c.c.) was diazotised by rapid addition to a mixture of sodium 
nitrite (9 g.) and ice (400 g.) and the excess of nitrous acid was destroyed with urea. In the 
preparation of the four halogeno-4-nitrophenylhydrazines used in this work, it is advantageous 
to add the diazo-solution to the acid stannous chloride, because, if the order is reversed, the 
precipitate of the stannichloride soon becomes resinous and intractable. The cold diazo-solution, 

6B 
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therefore, was added during 1 hour with good agitation to a solution of stannous chloride (45 g.) 
in concentrated hydrochloric acid (60 c.c.) at — 10°, the precipitate filtered off and dissolved in 
boiling water (300 c.c.) (charcoal), and tin removed with hydrogen sulphide. After boiling, 
sodium chloride was added until the hydrochloride began to separate in colourless crystals, 
which were collected and dissolved in water, and the base liberated at 60° by addition of sodium 
acetate. 2: 6-Dichloro-4-nitrophenylhydrazine crystallised from alcohol in yellow needles, 
m. p. 133° (yield, 8 g.; 35-56%) (Found: C, 32-5; H, 2-4; N, 18-8; Cl, 31:8. C,H,O,N,Cl, 
requires C, 32-4; H, 2-25; N, 18-9; Cl, 320%). The benzaldehyde derivative crystallised from 
alcohol in orange needles, m. p. 153° (Found: C, 50-45; H, 3-0; Cl, 23-1. C,,;H,O,N,Cl, 
requires C, 50-3; H, 2-9; Ci, 22-9%). 

o-Carboxybenzo-2' : 6'-dichloro-4'-nitrophenylhydrazide.—2 : 6-Dichloro-4-nitrophenylhydrazine 
(5:5 g.), phthalic anhydride (4 g.), and cold chloroform (250 c.c.) were used. The hydrazide 
crystallised from alcohol in colourless needles, m. p. 192° (yield, 9 g.; 98-2%) (Found: C, 45-4; 
H, 2-3. C,,H,O;N,Cl, requires C, 45-4; H, 24%). 

Phthalyl-2' : 6'-dichloro-4'-nitrophenylhydrazide, prepared by refluxing the preceding 
hydrazide (5 g.) with nitrobenzene (30 c.c.) for 1 hour, crystallised from glacial acetic acid in 
almost colourless needles, m. p. 202° (yield, 4 g.; 84-1%) (Found: C, 47-7; H, 2-2; Cl, 20-5. 
C,,H,O,N,Cl, requires C, 47-7; H, 2-0; Cl, 20-2%). 

1 : 4-Diketo-3-(2’ : 6’-dichloro-4'-nitrophenyl)tetrahydrophthalazine, prepared only by method 
(0), crystallised from glacial acetic acid in colourless needles, m. p. 309—310° (yield, 4-5 g.; 
50-6%) (Found: C, 47-6; H, 2-2; N, 11-6; Cl, 20-6. C,,H,O,N,Cl, requires C, 47-7; H, 2-0; 
N, 11-9; Cl, 20-2%). 

4-Keto-1-methoxy-3-(2’ : 6'-dichloro-4'-nitrophenyl)-3 : 4-dihydrophthalazine, prepared as de- 
scribed for the monochloro-analogue, crystallised from methyl alcohol in almost colourless 
prisms, m. p. 178—179° (yield, 0-5 g.; 31-3%) (Found: C, 493; H, 2-8; Cl, 19-5. 
C,;H,O,N,Cl, requires C, 49-2; H, 2-5; Cl, 19-4%). It could not be obtained from 2’ : 6’- 
dichloro-4’-nitro-3-phenylphthalaz-l-one (J., 1931, 1076). 


2 : 6-Dibromo-4-nitrophenylhydrazine, prepared from 2: 6-dibromo-4-nitroaniline (30 g.) ° 


as described above for the 2 : 6-dichloro-analogue (yield, 10 g.; 31-7%), crystallised from alcohol 
in two modifications, both m. p. 135—136°: cooling a hot solution rapigly gave pale yellow 
needles, turning red at 110°, and gradually converted into deep red prisms by heating at 80° 
or by leaving in alcohol for several weeks (Found in yellow needles: C, 23-4; H, 1-7; Br, 
51-8. C,H,O,N,Br, requires C, 23-15; H, 1-6; Br, 51-4%). The benzaldehyde derivative 
crystallised from alcohol in orange needles, m. p. 168—169° (Found: C, 394; H, 2-3; Br, 
39-8. C,,H,O,N,Br, requires C, 39-1; H, 2-25; Br, 40-1%). 

0 - Carboxybenzo - 2’ : 6’ - dibromo - 4' - nitrophenylhydrazide.—2 : 6 - Dibromo - 4 - nitrophenyl- 
hydrazine (6 g.), phthalic anhydride (3 g.), and cold chloroform (200 c.c.) were used. The hydr- 
azide crystallised from alcohol in colourless needles, m. p. 200° with ring closure, resolidifying, 
and melting again at 227° (yield, 8-5 g.; 96%) (Found: C, 36-7; H, 2-0; Br, 34:7. 
C,,H,O,N,Br, requires C, 36-6; H, 2-0; Br, 34-85%). 

Phthalyl-2’ : 6'-dibromo-4'-nitrophenylhydrazide, prepared as described for the dichloro- 
analogue, crystallised from glacial acetic acid in very pale yellow prisms, m. p. 230° (yield, 
3:7 g.; 77%) (Found: C, 38-05; H, 1-8; Br, 35-9. C,,H,O,N,Br, requires C, 38-1; H, 16; 
Br, 36-3%). 

1 : 4-Diketo-3-(2' : 6’-dibromo-4'-nitrophenyl)tetrahydrophthalazine was prepared only by 
method (b), accompanied by considerable elimination of bromine. The product crystallised 
from alcohol or glacial acetic acid in pale yellow needles, m. p. 235—260° (Found : Br, 19°8%). 
Repeated fractional crystallisation from alcohol and glacial acetic acid in one experiment gave 
a small quantity of very pale yellow needles, m. p.. 327—329° (Found : C, 38-0; H, 1-7; Br, 
36-0. C,,H,O,N,Br, requires C, 38-1; H, 1-6; Br, 36-3%), soluble in dilute sodium carbonate 
solution with a yellow colour. 

1 : 4-Diketo-3-phenyltetrahydrophthalazine.—o-Carboxybenzophenylhydrazide (30 g.), pre- 
pared from phenylhydrazine (16-5 g.), phthalic anhydride (30 g.), and cold chloroform (650 c.c.) 
(yield, 34-5 g.; 88-2%), was refluxed with nitrobenzene (100 c.c.) for 2 hours. The crystals 
obtained on cooling were separated by extraction with dilute sodium carbonate solution into 
the insoluble phthalylphenylhydrazide (‘‘ a-phthalylphenylhydrazine’), m. p. 178—179° 
(yield, 9 g.; 32-3%), and the soluble 1 : 4-diketo-3-phenyltetrahydrophthalazine (‘‘ 6-phthalyl- 
phenylhydrazine ’’), which crystallised from glacial acetic acid in a mixture of colourless, 
transparent, rectangular prisms and straw-coloured, opaque, irregular prisms, m. p. and mixed 
m. p. 212—213° (yield, 12 g.; 43%). 
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4-Keto-1-ethoxy-3-phenyl-3 : 4-dihydrophthalazine.—({a) The silver salt of 1: 4-diketo-3- 
phenyltetrahydrophthalazine (3-5 g.) was refluxed with ethyl iodide (4 g.) and dry ethyl alcohol 
(50 c.c.) for 1 hour. The product (yield, 0-9 g.; 33-3%) after crystallisation successively from 
benzene, light petroleum, and ether six times, formed colourless needles, m, p. 108—109° (Found : 
C, 72-2; H, 53; N, 10-5. C,,H,,O,N, requires C, 72-2; H, 5-25; N, 105%). (6) 1:4 
Diketo-3-phenyltetrahydrophthalazine (5 g.), dissolved in 5% alcoholic potassium hydroxide 
(100 c.c.), was refluxed with ethyl iodide (10 g.) for 2 hours; the solution was concentrated 
(30 c.c.), diluted with water (50 c.c.), and extracted with ether; the product (yield, 2-9 g.; 
51-9%) isolated from the extract was crystallised as above. Method (b) was used by Meyer 
and Hétte (loc. cit.), who described the compound as the N-ethyl ether, m. p. 105—106°. 
Both specimens, however, are identical in all respects, are equally readily de-ethylated by heating 
with hydrobromic acid and a little acetic acid at 100° in an open tube, and the de-ethylated 
product, m. p. 212—213°, is in each case completely soluble in dilute sodium carbonate solution. 
The compound, therefore, is the O-ethyl ether. 

4-Keto-1-methoxy-3-phenyl-3 : 4-dihydrophthalazine, prepared by both methods (a) and (b) 
above, crystallised in colourless needles, m. p. 109—111° (Found: C, 71-4; H, 4:8. C,;H,,0,N, 
requires C, 71-4; H, 475%), and was readily demethylated. 


The authors are indebted to Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts 
of chemicals, and one of them (J. G. G.) desires to acknowledge the award of the James Young 
Exhibition which enabled him to take part in this work. 
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422. Velocities of Reaction of Substituted Benzyl Chlorides in. Two 
Reactions of Opposed Polar Types. 


By G. M. BENNETT and BRYNMOR JONES. 


THE contrasted modes of variation of velocities of reaction of substituted benzyl bromides 
were first pointed out and studied by Lapworth and Shoesmith (J., 1922, 121, 1391, and 
subsequently), and in particular a study of the halogenated benzyl bromides was made by 
Shoesmith and Slater (J., 1926, 214). The fundamental principle involved was thus 
clearly established with reference to the two reactions chosen, viz., hydrolysis (in presence 


| of sodium hydroxide in the first paper, but subsequently acid hydrolysis in aqueous alcohol) 


and reduction with hydrogen iodide, but the results were in the form of comparative 
tests rather than accurate measurements of velocities of reaction. The reactions in question 
are not entirely satisfactory: the alkaline hydrolysis of benzyl chlorides is not a simple 
reaction (Olivier and Weber, Rec. trav. chim., 1934, 58, 869, 891); acid hydrolysis in 
alcoholic solution is known to involve simultaneous alcoholysis; and the reaction with 
hydrogen iodide is not convenient for accurate measurement. 

It has been shown (Bennett and Berry, J., 1927, 1676; Baddeley and Bennett, J., 1933, 
261) that two suitable reactions are acid hydrolysis in aqueous acetone solution and the 
reaction with potassium iodide in acetone solution studied by Conant and others (J. Amer. 
Chem. Soc., 1924, 46, 235; 1925, 47, 448). In the present investigation we have applied 
these two reactions to a set of substituted benzyl chlorides (the velocity of reaction of the 
benzyl bromides with iodide is inconveniently high) with special attention to a complete 
series of halogeno-derivatives. The comparative velocities of hydrolysis in aqueous 
alcohol had been examined by Olivier, but the fluorobenzyl chlorides were not included 
in his series. Conant and his colleagues included the o- and #-chloro- and bromo-benzyl 
chlorides in their study of the reaction with iodide but other halogenated benzyl chlorides 
were not examined; moreover, the enormous difference in reaction velocity there found 
between the -chloro- and #-bromo-benzyl chlorides seemed so improbable from the 
theoretical point of view as to call for reinvestigation, notwithstanding the fact that these 
authors had themselves realised this and had given the point special attention at the time. 
These figures have, moreover, been recently quoted again (Wilson, Chem. Reviews, 1935, 
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16, 183). The special importance of the halogens, and in particular of fluorine, arose in 
connexion with the discussion of the manner in which the halogens influence aromatic 
reactions (Bennett, J., 1933, 1112; Robinson, ibid., p. 1114). 

The measurements have now been made with benzyl chloride, its p-methyl and o-, 
m-, and p-nitro-derivatives, and the complete set of twelve halogeno-derivatives. Values 
of the activation energies have also been obtained to the degree of approximation given 
by measurements at two temperatures only. 

The substances were prepared wherever possible from a purified solid intermediate. 
In particular, the m- and p-fluorobenzyl chlorides were each made from the corresponding 
fluorobenzyl alcohol regenerated from its pure p-nitrobenzoate, for some nuclear chlorin- 
ation seemed unavoidable in the action of chlorine upon boiling m- and p-fluorotoluenes. 

Conant’s anomalous figures are now explained, since we have found that p-bromobenzyl 
chloride purchased from two different sources or made by chlorination of p-bromotoluene 
contains large amounts of p-chlorobenzyl bromide, and benzyl bromides react with iodide 
much faster than the chlorides. The displacement of nuclear bromine by chlorine was 
by no means surprising, but it seemed probable that bromine would thereby be completely 
lost with the production of p-chlorobenzyl chloride. A product actually obtained giving 
analytical figures close to those anticipated for the bromobenzyl chloride was consequently 
at first thought to be the authentic substance, but a synthesis of the chloride from #- 
bromobenzyl bromide through the pure alcohol showed that it was not so, and it is clear 
that, in spite of the presence of a rapid stream of chlorine, the bromine displaced from the 
nucleus of p-bromotoluene enters the side chain to a large extent in preference to chlorine, 
the actual reagent being presumably bromine chloride. 

A similar observation was made in the o-series, and the pure o-bromobenzyl chloride 
must be prepared from pure o-bromobenzyl alcohol. The influence of these impurities 
on the velocity of reaction is enormous and suffices to account for the observations recorded 
by Conant, Kirner, and Hussey (J. Amer. Chem. Soc., 1925, 47, 488), where the reaction 
velocities for 0- and ~-bromobenzyl chlorides were found to be approximately 100 times 
those of the corresponding chlorobenzyl chlorides. One of our own specimens of - 
bromobenzy] chloride containing the chlorobenzyl bromide gave constant velocity coefficients 
and a mean k = 142 as compared with the value k = 3-12 found with the pure substance. 

In Table I the figures for the velocities of hydrolysis at 69-8° and 84-5° and the activ- 
ation energies for this reaction are given. The values of E vary but slightly from the mean 


TABLE I. 


Velocity Coefficients and Activation Energies for the Hydrolysis of Substituted Benzyl 
Chlorides in 50% Aqueous Acetone. 


Variation Variation 

of E of E 

Sub- E, from Sub- E, from 
stituent.  gp9.¢°. Re.5°  kg.-cals. mean. stituent.  2gpo.9°. Regs»  kg.-cals. mean. 
p-NO, 0°00706 0°0246 20°6 —0°3 I 0°0296 0°1065 21°2 +0°3 
m-NO, 0°00782 0°0285 21°3 +0°4 {Be 0°0310 0°1158 21°7 +0°8 
I 0°0143 0°0502 20°7 —0°2 p Cl 0°0394 0°1330 20°3 —0°6 

Br 0°0132 0°0492 21°7 +0°8 F 0°1140 0°3820 20°0 —0°9 
™\Cl 00156 0°0556 21-0 +0°1 (H) 0°0671 0°2320 20°5 —0°4 
F 0°0159 + 0°0551 20°6 —0°3 p-CH, 0°614 (and 0°1487 21°1 +0°2 

0:0170 0°0605 21-0 +01 at 54°8°) 


(I 

P | Br 00170 0:0642 22°0 +0°9 
)Cl 00194 0°0688 20°9 +0°0 
lk 0°0276 8 «0°0995 21°2 +0°3 


figure 20,900 cals., and the differences from this value do not appear to be systematic. 
In one case, viz., that of the p-chlorobenzyl chloride, a determination at 100-1° was made and 
the value k = 0-440 found. The value of E calculated between 84-5° and 100-1° is 20,300 
cals., identical with that found between 69-8° and 84-5°. 

The observed velocities of hydrolysis of halogeno-benzyl chlorides are approximately 
constant for the m-isomerides, but fall definitely in the o- and p-substances in the order 
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FSCl>Br>I. The p/m velocity ratios which should be an indication of the electromeric 
effects are : 


At BEES  nrcccccccccccccenccccccosceces F 6°94 Cl 2°39 Br 2°35 I 2°12 
AE OOO csseccteccccoceseqsevesesotede 717 2°53 2°35 2°07 


Table II gives a comparison of the results for this reaction with those of Olivier: the 
agreement between the observations in the different solvents'is generally good. 
TABLE II. 


Comparative Velocities of Hydrolysis of Halogenated Benzyl Chlorides. 
(Benzyl chloride = 1-00.) 


In 50% acetone In 50% alcohol In 50% acetone In 50% alcohol 
Substituent. at 84°5°.* at 83°. Substituent. at 84°5°.* at 83°. 
(H) 1-00 1:00 o- 0°277 0°286 
o- 0°429 o Br{ m- 0°212 0°215 
Fi m- 0°238 -— p- 0°499 0°50 
p- 1°65 = 0- 0°261 0°287 
o- 0°296 0°355 i m- 0°216 0°201 
Cli m- 0°240 0°237 p- 0°459 0°477 
p- 0°573 0°62 
* This paper. ¢ Olivier, Rec. trav. chim., 1922, 41, 646; 1923, 42, 516, 775. 


In Table III the corresponding figures for the reaction with potassium iodide in acetone 
solution are given. The values of E for this reaction again show little variation : it is, how- 


TABLE III. 
Velocity Coefficients and Activation Energies for the Reaction of Substituted Benzyl 
Chlorides with Potassium Iodide. 
Substituent. fy... Rage. E, kg.-cals. Substituent. &,.,°. Rog. E, kg.-cals, 
(H) 0-133 1°32 18°3 F 0°450 3°89 17°2 
F 0°183 1°84 18°4 of Cl 0-632 5°25 16-9 
‘ad Cl 0°235 2°17 17°7 Br 0°565 5°27 17°8 
Br 0-260 2°47 18°0 I 0°627 5°51 17°4 
I 0°242 2°34 18°1 m-NO, 0°486 4°83 18°4 
F 0-205 1-90 17°8 p-NO, 0°907 8°17 17°6 
Cl 0°293 2°80 18°0 o-NO, 1°30 11°40 17°4 
?) Br 0-301 3°12 18°7 
I 0°295 2°98 18°4 


ever, observable that the mean value of E for o-substituents is 17,300 cals., as compared 
with the mean for m-substituents of 18,100, and of p-substituents of 18,100. Nosystematic 
variation is apparent in the values for the various halogens in either o-, m-, or p-series. 
The mean values of the m/P velocity ratio are: F 0-93; C1 0-79; Br 0-83; I 0-80. 

The general opposed directions of variation of reaction velocity in the series for the two 
reactions are clear from Tables I and'II which have been arranged to emphasise this point. 

The particular significance of the arrangement of the halogens in the group is discussed 
in a subsequent paper. 

EXPERIMENTAL. 

Maiterials.—The benzy]1 chlorides were prepared either from the pure alcohol by the action 
of an excess of thionyl chloride and pyridine or by direct chlorination of the corresponding 
toluene. The requisite halogenated benzyl alcohols were obtained from the respective bromides 
or chlorides by heating with potassium carbonate in 50% acetone at the b. p. for 48—60 hours. 

Benzyl chloride, from the halogen-free alcohol, had b. p. 66—67°/16 mm. (Found: C, 66-5; 
H, 5-6. Calc.: C, 66-4; H, 5-6%). 

o-Fluorobenzyl chloride was prepared by chlorination of o-fluorotoluene from pure o-aceto- 
toluidide. The portion of b. p. 170—185° was twice fractionated in a vacuum with a special 
glass column, affording a colourless liquid closely resembling the parent substance; b. p. 
67-5—68°/16 mm. (Found: C, 57-6; H, 4-1; side-chain Cl, 24-7. C,H,CIF requires C, 58-1; 
H, 4-2; side-chain Cl, 24-5%). 

The m-isomeride was prepared similarly from m-toluidine; the crude product was hydrolysed 
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by continuous boiling for 1 week in 50% acetone, and the m-fluorobenzyl alcohol of b. p. 201° 
(uncorr.) converted into its p-nitrobenzoate, which, from ethyl acetate and ligroin, forms mono- 
clinic plates with an oblique extinction, m. p. 86° (Found: C, 61-1; H, 3-8. C,,H,jO,NF 
requires C, 61-1; H, 3-7%). The regenerated alcohol yielded the pure m-fluorobenzy] chloride 
as a colourless liquid, of b. p. 67—68°/15 mm. (Found: C, 57-9; H, 4:2%). 

p-Fluorobenzyl chloride, prepared from toluidine, formed a similar colourless liquid of b. p. 
69—70°/15 mm. (Found: C, 58-3; H, 4-2%). In order to ensure purity, the chloride was 
hydrolysed, and the fluorobenzy] alcohol isolated and converted into its p-nitrobenzoate, which, 
from ethyl acetate-ligroin (b. p. 60—80°), formed small, almost colourless, pointed needles 
with straight extinction, m. p. 98° (Found: C, 61-3; H, 3-8%). This ester was hydrolysed, 
and the recovered alcohol converted into the pure chloride, b. p. 76°/20 mm. (Found: C, 58-0; 
H, 4:3%). 

o-Chlorobenzyl chloride, from the pure alcohol, had b. p. 94°/15 mm. (Found: C, 52-2; 
H, 3-8. Calc.: C, 52-2; H, 3-8%). The m-isomeride, by chlorination of m-chlorotoluene, 
had b. p. 104°/17 mm. (Found: C, 52-15; H, 3-6; Cl, 43-9; side-chain Cl, 22-5. Calc.: Cl, 
44-0; side-chain, 22-0%); and the p-isomeride, recrystallised from light petroleum and acetic 
acid, had m. p. 29° (Found: C, 52-4; H, 3-8%). 

0-Bromobenzyl chloride. A purchased specimen on hydrolysis yielded o-chlorobenzyl alcohol 
and was therefore rejected. Our specimen from the pure bromo-alcohol had b. p. 105—106°/12 
mm. (Found: C, 41-2; H, 3-0. Calc.: C, 40-9; H, 29%). The m-bromo-compound, from 
the pure alcohol of b. p. 138°/15 mm., was a colourless lachrymatory liquid of b. p. 111—112°/15 
mm. (Found: C, 40-9; H, 2-8%). 

p-Bromobenzyl chloride, (a) A purchased specimen, twice recrystallised from light petroleum, 
had m. p. 45-5° (Found: C, 37-9; H, 2-8; Cl + Br, 58-5. Calc.: C, 40-9; H, 2-9; Cl + Br, 
56-2%). (b) The product of chlorination from p-bromotoluene solidified after distillation 
and was similarly recrystallised; it had m. p. 45° (Found: C, 40-1; H, 2-7; Cl + Br, 56-5%). 
After this had been twice recrystallised from glacial acetic acid (in which it is readily soluble) 
the substance gave a velocity coefficient of reaction with potassium iodide at 20° of 142, whereas 
the true value is 3-12. (c) The substance was obtained pure via the purified bromo-alcohol 
from p-bromobenzyl bromide. It was distilled at 137°/37 mm. and had m. p. 36° (Found : 
C, 40-7; H, 2-9%). 

o-Iodobenzyl chloride, obtained from the alcohol of m. p. 87° (Found: C, 36-3; H, 3-0. 
Calc.: C, 35-9; H, 3-0%), distilled at 147—149°/32 mm. and had m. p. 27° (Found: C, 33-6; 
H, 2-5. Calc.: C, 33-3; H, 2-4%). The m-isomeride was prepared from the corresponding 
bromide of m. p. 49° (Found: C, 28-4; H, 2-05. Calc.: C, 28-3; H, 20%) through the 
alcohol of b. p. 151—155°/13 mm., as a colourless lachrymatory liquid of b. p. 134—136°/14 
mm. (Found: C, 33-2; H, 2-35%). 

p-Iodobenzyl chloride, from the alcohol, formed a colourless solid of m. p. 53° after three 
crystallisations from light petroleum (Found: C, 33-5; H, 2-3; side-chain Cl, 14-1. Calc.: 
side-chain Cl, 14-0%). In one preparation recrystallisation showed the presence of a substance 
of higher m. p., 108°, which formed nearly colourless, highly refractive, monoclinic plates 
slightly soluble in ligroin. This contains sulphur and is di-p-iodobenzyl sulphite (Found: C, 
32-8; H, 2-3; I, 49-2. C,,H,,0,SI, requires C, 32-7; H, 2-3; I, 49-4%). 

p-Methylbenzyl chloride was obtained by chlorination of p-xylene, the fraction of b. p. 
180—205° being distilled in a vacuum. It was a colourless liquid of b. p. 81°/15 mm. (Found : 
C, 68-2; H, 6-3; side-chain Cl, 24-4. Calc.: C, 68-4; H, 6-5; side-chain Cl, 25-2%). The 
weights of this substance used were corrected for the small proportion (3-3%) of inert chloro- 
toluene present [compare Olivier (Rec. trav. chim., 1922, 41, 649), whose product by this 
method was largely nuclear-chlorinated material]. 

The o-, m-, and p-nitrobenzyl chlorides were each twice recrystallised from acetic acid and 
melted at 49-5°, 45-5°, and 72-5° respectively. 

Velocity Measurements.—The velocity of hydrolysis was measured by the methods previously 
described (Baddeley and Bennett, /oc. cit.), the materials for each reading being separately 
sealed up in glass tubes. The technique in the measurements of the velocity of reaction with 
iodide was also as before, except that the lower temperature of working permitted the use of a 
stoppered flask for the reaction and the removal of aliquot portions with a pipette. Complete 
details for two substances in the first reaction are shown in Table IV and for three substances in 
the second reaction in Table V. o-Nitrobenzyl chloride is omitted from the series of observed 
velocities of hydrolysis since the solutions darkened and the reaction must be complicated by 
some subsidiary reaction. 








201° 
ono- 
»~NF 
ride 


. p. 
was 
ich, 
lles 
sed, 
0; 


2: 
ne, 
I 
tic 


hol 
12 
ym 
15 


3r, 
on 
le) 


ol 


B ; 
ig 
1e 
4 








The Velocities of Reaction of Some B-Arylethyl Chlorides, etc. 1819 


TABLE IV, 


Hydrolysis of substituted benzyl chlorides in 50% acetone. 
p-lodobenzyl chloride at 84°5°. 


Time (hrs.) ...... 0 1733 2233 3:150 3°750 4483 5°083 8-00 

‘Deed,  candécess 0°27 1°66 2°06 2°69 3°10 3°50 3°85 5°17 

(@ — #), c.c. ...... 8°50 711 6°71 6:08 5°67 5°27 4°92 3°60 

B egeanqeadync sp onccess = 0°103 0°106 0°106 0-198 0°107 0°108 0°107 Mean 0°1065 

m-Bromobenzyl chloride at 69°8°. 

Time (hrs.) ...... 0 4067 6-167 10°00 22°88 2562 32°42 

, oe 0°16 0°60 0°84 1°24 2°42 2°63 311 

(@ — *), c.c. ...... 8°61 8°17 7°93 7°53 6°35 6°14 5°66 

B icvbchevovevidessbesd —- 00129 00133 0°0134 0°0133 0°0132 0°0129 Mean 0°0132 
TABLE V. 


Reaction of substituted benzyl chlorides with potassium iodide in acetone. 
(Titres, A, represent c.c. of 0°003M-KIO,.) 
o-Fluorobenzyl chloride at 20°. 


Time (t, —#,), hrs. = — 0 0°1186 02814 0°4214 0°5659 0°7550 
TIE. -ccccnacvsaill 33°33 (A,) 31°26(A,) 2853 25°34 22°76 20-74 17°70 
i ndiinininianadl —_ dea 3928 3846 3-911 3797 3-987 Mean 3-894 


p-Bromobenzyl chloride at 20°. 


Time (tf, —#,), hrs. = — 0 0°1261 02525 0°3936 06087 0°8637 
TET, ahepactenns 33°33 (A,) 30°24(A,) 28°02 25°74 23°77 21-04 18-11 
By wsdsbeeciibeeieSess ie au 3-096 3131 3:182 3-129 3147 Mean 3°137 


An independent experiment gave mean k = 3°108. 
p-Nitrobenzyl chloride at 0°1°. 


Time (¢, —#,), hrs.  — 0 0-247 0508 0810 1183 1357 2654 

Titre, A ..scs.ese.. 33°33 (4,) 32°06(A,) 30°67 29°25 27°78 26:00 25:19 20-21 

I ccaisbbebenscdedoias on ents 08976 09154 08995 0°9067 09146 09103 
Mean 0°907 


For the reaction with iodide, the molecular ratio used was in general organic halide : KI = 
5-13: 1. The closeness of agreement in duplicate experiments is shown by the values in in- 
dependent runs, viz., for o-nitrobenzyl chloride at 20-0°, 11-24 and 11-55; for p-bromobenzyl 
chloride at 20-0°, 3-137 and 3-108. The extent of variation of the velocity coefficient with mole- 
cular proportions of organic halide to iodide is shown by the following mean values at 20-0°. 


p-Cl-C,H,-CH,Cl: KI = 5°13: 1 2:1 8:1 o-NO,°C,H,°CH,Cl: KI = 51:1 2:1 
B  sccccveccoccccesscssccocese 2°80 2°66 2°83 B vecccccrcocccccccvcccccccnsese 11-40 11°18 


The authors thank Mr. J. H. Higham for valuable assistance in the preparation of materials. 
THE UNIVERSITY, SHEFFIELD. [Received, September 30th, 1935.] 





423. The Velocities of Reaction of Some B-Arylethyl Chlorides with 
Potassium Iodide. 


By G. BADDELEY and G. M. BENNETT. 


InN connexion with the discussion of the comparative influences of the various halogens 
as substituents on the velocities of reaction of aromatic compounds, in which it has been 
noted that the halogens often fall into an unexpected order, it seemed desirable to examine 
some substances in which the operation of electromeric effects would be either impossible 
or at least of only secondary importance as compared with the general polar (inductive) 
effects. In the substituted $-chloroethyl sulphides previously studied, the sulphur atom 
could act as a point of relay to which electromeric disturbances might arrive and be trans- 
mitted further by an inductive mechanism. 

We have therefore prepared a series of seven $-phenylethyl chlorides and have deter- 
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mined the velocity of their reaction with potassium iodide in acetone solution by the method 
described in our earlier paper (J., 1933, 261). 

The results are in the table, together with the approximate values of the energy of 
activation in three instances in which measurements were made at two temperatures. 
These values are of the same order of magnitude as those found for the substituted benzyl 
chlorides (preceding paper). 

The figures for reaction velocity at 75° are, in general, in the familiar polar sequence 
for a reaction requiring electron-recession. The methoxy-group shows its true electron- 
attracting inductive effect, also evident from consideration of the strengths of methoxy- 
acetic acid and m-methoxybenzoic acid. The four halogens do not appear, however, to 
have a decided order of diminishing effect in the group. These figures will be referred 
to in a general discussion contained in a separate paper. 


Velocity Coefficients, k, for the Reaction of Substituted 8-Phenylethyl Chlorides, Ar-‘CH,*CH,Cl, 
with Potassium Iodide in Acetone. 
(Time in hours.) 


Ar. Ras-0 . Ar, R5s-o°- ha5-9°- E, kg.-cals. 
Phemy] .....ccrcccceccees 0°735 p-Bromopheny] ...... 0°237 1°63 17-9 
p-Methoxypheny] ... 1-04 p-Chloropheny] ...... 0°228 1°65 18-9 
p-Iodopheny] ......... 1°40 p-Fluoropheny] ...... 0°208 1°55 19-4 
p-Nitrophenyl ...... — 3°76 — 
EXPERIMENTAL. 


8-Phenylethyl chloride and its p-nitro- and ~-methoxy-compound (D.R.P. 234,795, Fried- 
lander, X, 1232) were prepared as described in the literature. 

Preparation of 8-p-Iodophenylethyl Chloride——p-Nitrophenylethyl alcohol (25 g.) was re- 
duced by boiling for 1 hour with zinc dust (100 g.) and calcium chloride solution (10 g. CaCl, 
in 250 c.c.). The hot filtered solution was treated with sodium carbonate (10 g.), and the 
calcium carbonate filtered off. The amine solution was cooled, and diazotised by adding sul- 
phuric acid (17 c.c. concentrated acid diluted with ice) and sodium nitrite (13 g.). A concen- 
trated solution of potassium iodide (85 g.) was then added, and after standing for 1 hour the 
mixture was gently heated on the steam-bath until evolution of nitrogen ceased. Free iodine 
was removed by addition of thiosulphate, and when cold, the product solidified. 8-p-Jodo- 
phenylethyl alcohol separated in almost colourless crystals, m. p. 46—47°, from light petroleum 
(b. p. 40—60°) (Found: I, 51-0. C,H,OI requires I, 51-2%). 

This alcohol was converted by the action of thionyl chloride and pyridine into the required 
8-p-iodophenylethyl chloride, which solidified in a freezing mixture and was obtained in colourless 
crystals, m. p. 25°, from low b. p. paraffin (Found : total halogen calc. as Cl, 34-8; by analysis 
of silver halides, Cl, 13-4; I, 46-7. C,H,CII requires 35-1, 13-3, and 47-6% respectively). 

Preparation of 8-p-Chloro- and -Bromo-phenylethyl Chlorides.—p-Aminophenylethy] alcohol 
(44 g.), diazotised with hydrochloric acid (80 c.c. concentrated acid and 52 c.c. water) and sodium 
nitrite (26 g.), was added to a cuprous chloride solution (from 5 g. CuCO, in acid with excess 
of metallic copper); the oil which remained after evolution of nitrogen had ceased was removed 
in ether, the extract dried over potassium carbonate and evaporated, and the residue distilled. 
The p-chlorophenylethyl alcohol was a colourless oil of b. p. 110°/0-5 mm. (Found: Cl, 22-5. 
C,H,OCI requires Cl, 22-7%). This substance was warmed with phosphorus pentachloride 
(1 mol.), and the product carefully fractionated with a column under reduced pressure. The 
p-chlorophenylethyl chloride was thus isolated as a colourless oil of b. p. 133°/35 mm. (Found : 
Cl, 40-5. C,H,Cl, requires Cl, 40-6%). 

A repetition of this process using cuprous bromide in place of chloride yielded 6-p-bromo- 
phenylethyl alcohol as a colourless oil solidifying at low temperatures and melting at 20°. 
This was converted by phosphorus pentachloride into 8-p-bromophenylethyl chloride, a colourless 
oil of b. p. 137°/25 mm. (Found : total halogen calc. as Cl, 37-2; Cl, 16-8; Br, 35-2. C,H,BrCl 
requires 37-3, 16-2, and 36-4% respectively). 

Preparation of p-Fluorophenylethyl Chloride.—p-Nitrophenylethyl benzoate (Ferber, Ber., 
1929, 62, B, 183) (50 g.) was reduced with zinc dust (200 g.) in boiling aqueous-alcoholic calcium 
chloride solution (20 g. chloride in 500 c.c. 50% alcohol). After 1 hour, the solution was filtered, 
boiled with sodium carbonate (20 g.), and again filtered. The filtrate was distilled in steam to 
remove alcohol, cooled, and extracted with ether; on evaporation of the ether, the residue 
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solidified. p-Aminophenylethyl benzoate formed almost colourless needles, m. p. 59—60°, from 
ligroin (Found: C, 74-4; H, 6-2. C,;H,,O,N requires C, 74-7; H, 6:3%). , 

To a diazotised solution of this amine (40 g., with 40 c.c. concentrated HCl, 26 c.c. water, 
13-2 g. NaNO, in a little water) a saturated solution of sodium borofluoride was added, and the 
sandy precipitate of diazonium borofluoride was filtered off and dried in air, This salt was a 
buff-coloured crystalline powder; it was heated in a flask immersed in an oil-bath, and decom- 
posed at 105—110° leaving a black oily residue. Extraction of this with paraffin of b. p. 60—80° 
yielded a colourless oil which solidified on cooling, and, after recrystallisation from paraffin of 
b. p. 40—60°, B-p-fluorophenylethyl benzoate was obtained as white aggregates of crystals, 
m. p. 43—44°, readily soluble in all organic solvents including the low b. p. paraffin (Found : 
C, 73-3; H, 5-3. C,;H,,0,F requires C, 73-7; H, 5-2%). 

The ester was hydrolysed with alcoholic potassium hydroxide, the alcohol removed in a 
current of steam, the oil extracted in ether, and the solution distilled. »-Fluorophenylethyl 
alcohol, a colourless oil of b. p. 110°/20 mm., was heated with phosphorus pentachloride and the 
products carefully fractionated under diminished pressure. §-p-Fluorophenylethyl chloride 
was thus obtained as a colourless oil of pleasant odour, b. p. 80°/30 mm. (Found: Cl, 22-7, 
C,H,FCI requires Cl, 22-4%). 


THE UNIVERSITY, SHEFFIELD. [Received, September 30th, 1935.] 





424. The Dissociation Constants of the Monohalogenated Anilines 
and Phenols. 


By G. M. BENNETT, G. L. Brooks, and S. GLASSTONE. 


ALTHOUGH several determinations are on record of the dissociation constants of p-chloro- 
and p-bromo-aniline (Farmer and Warth, J., 1904, 85, 1726; Fliirscheim, J., 1910, 97, 88; 
Williams and Soper, J., 1930, 2469), such data have not been found for the complete series 
of halogenated amines, and in particular, no values have been reported for the fluoro- 
anilines. A few observations are available for chloro- and bromo-phenols, but complete 
data for the monohalogenophenols are lacking. These constants are of considerable 
importance in connexion with any discussion of aromatic chemistry in which halogenated 
nuclei are involved, and they are, moreover, of direct interest in connexion with the problem 
of the influence of the various halogens on side-chain reactivity of various kinds (Bennett, 
J., 1933, 1112). We have therefore prepared a complete set of monohalogenated anilines 
and phenols and have determined their dissociation constants under comparable conditions 
by observations of pg, using the glass electrode. 

Since the majority of phenols and amines studied in the present work are sparingly 
soluble in water, aqueous alcohol (30% of ethyl alcohol by vol., 247% by weight) was used 
as solvent throughout ; certain measurements were also made in water for purposes of com- 
parison. The use of aqueous alcohol as solvent raises the question of the justification of 
regarding the dissociation constant as a measure of the intrinsic strength of an acid (or 
base), i.¢., of its tendency to lose (or gain) a proton. According to Wynne-Jones (Proc. 
Roy. Soc., 1933, 140, A, 440; see also Chem. and Ind., 1933, 52, 273; Burkhardt, <did., 
p. 330), this concept is invalid, since the order of the strengths of a series of acids may vary 
from solvent to solvent, and both theoretical and experimental evidence is quoted to 
support this contention. From an examination of the theoretical considerations (Bjerrum 
and Larsson, Z. physikal. chem., 1927, 127, 358; Brénsted, Chem. Reviews, 1928, 5, 231; 
Z. physikal. chem., 1934, 169, 52; Wynne-Jones, Joc. cit.), it appears, however, that the 
strengths of a series of acids (or bases) of the same type should be in the same order in all 
solvents, provided there be no complicating side reactions of a purely chemical nature. 
This should justify the use of the dissociation constant, as measured in any convenient 
solvent, in order to compare amongst themselves the strengths of a number of phenols or 
amines. It is true that in certain instances organic acids do not show the same order of 
dissociation constants in all solvents, but in view of the overwhelmingly large number of 
cases in which the order is the same for acids (or bases) of the same type in water and in 
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various organic solvents (Michaelis and Mizutani, Z. physikal. Chem., 1925, 116,135; Kuhn 
and Wassermann, Helv. Chim. Acta, 1928, 11, 3; Halford, J. Amer. Chem. Soc., 1931, 58, 
2944; Hall, zbid., 1930, 52, 5115; Hall and Sprinkle, ibid., 1932, 54, 3469; LaMer and 
Downes, ibid., 1933, 55, 1840; Goodhue and Hixon, 7bid., 1934, 56, 1329; Kilpatrick and 
Kilpatrick, Chem. Reviews, 1933, 13, 131), the former may be regarded as exceptions due 
either to chemical interaction or to experimental error. Results obtained in the course of 
the present work with chloro- and fluoro-phenols and -amines, when compared amongst 
themselves and with those of others (Kuhn and Wassermann, Joc. cit.; Williams and Soper, 
loc. cit.), show that the ratio of the dissociation constants of the phenols, or of the amines, 
in water are almost identical with the ratios in various mixtures of water and ethyl or 
methyl alcohol. Further evidence that the order of the strengths of acids is the same, at 
least in water and in 30% alcohol, is obtained from the measurements of Pg made during 
the titration with sodium hydroxide of a mixture of citric acid, potassium dihydrogen phos- 
phate, boric acid, and veronal (Table I); the values in the aqueous alcohol are systematic- 
ally 0-3—0-5 unit higher than for the corresponding system in aqueous solution, showing 
that the dissociation constants of the seven acids present are in the same order in both 
solvents. 
EXPERIMENTAL. 


Preparation and Purification of Materials—Isomeric fluoronitrobenzenes. The nitroanilines 
were converted into the fluoronitrobenzenes by Balz and Schiemann’s method (Ber., 1927, 60, 
1186). The diazonium borofluoride, precipitated by adding sodium borofluoride as solid or 
concentrated solution to the diazonium solution, was obtained in 80—90% yield. The deriv- 
ative of the o-isomeride is more soluble in water, and the bulk of the solution must be kept at a 
minimum. The decomposition of the salt was carried out as follows: Small portions of the 
salt were mixed with an equal bulk of sand in a large distilling flask and heated on an oil-bath; 
a stream of air was passed through the flask to which an air condenser and a large bottle were 
connected, the whole being evacuated. The temperature of the oil-bath was slowly raised to 
170°, and the product was collected in ether, washed with dilute alkali, dried, and distilled. The 
yield of fluoronitrobenzene was 40—50% for the m- and p- but 10% for the o-isomeride. 

Amines. The three fluoroanilines were prepared from the pure fluoronitrobenzenes. 
o-Fluoroaniline had b. p. 72°/17 mm. m-Fluoroaniline, b. p. 184—185°, yielded with phenyl 
isocyanate m-fluorodiphenylcarbamide, crystallising in colourless monoclinic needles, m. p. 200° 
(Found: C, 67-8; H, 4:8. C,,H,,ON,F requires C, 67-8; H, 48%); and p-fluoroaniline, b. p. 
184—186°, similarly yielded p-fluorodiphenylcarbamide in colourless flat needles with straight 
extinction, m. p. 236° (Found: C, 68-0; H, 4:8%). 

Of the remaining amines, the chloro- and o- and m-bromo-anilines were purchased from British 
Drug Houses, and the others were prepared from the nitroaniline through the halogenonitro- 
benzenes. Chloroanilines: o-, b. p. 209°; m-, b. p. 229—230°; p-, m. p. 69°; bromoanilines : 
o-, b, p. 229°, m. p. 30°; m-, b. p. 247°; p-, m. p. 62°; iodoanilines : o-,m. p. 59°; m-, m. p. 25°; 
p-, m. p. 62°. 

Phenols. Of the fluorophenols, the m-isomeride was obtained in 50% yield by decom- 
position of the diazonium salt from pure m-fluoroaniline. It had b. p. 178° and yielded a 
p-nitrobenzoate which crystallised from acetic acid in flat needles or elongated plates, m. p. 93°, 
with high double refraction, each an association twin with composition plane forming a central 
line down its length (Found : C, 60-0; H, 3-3. C,,;H,O,NF requires C, 59-8; H, 3-1%). 

Repeated attempts to prepare the o- and ~-fluorophenols from the amines by the same process 
were unsuccessful, large amounts of brown material (presumably azo-compounds) being pro- 
duced. These substances were therefore prepared through the fluoroanisoles (compare Swartz, 
Bull, Acad. roy. Belg., 1913, 255, who prepared p-fluorophenol from p-fluorophenetole). 

The o-anisyldiazonium borofluoride (82 g. from 50 g. of anisidine) yielded o-fluoroanisole 
(18 g.), b. p. 157—159°, This was added to anhydrous aluminium chloride (15 g.), and the 
mixture heated to 110° in an oil-bath for 3 hours under reflux. Dilute hydrochloric acid was 
added to the cooled mixture, and the phenol removed in ether, extracted from it by 10% sodium 
hydroxide, and finally liberated by acid, taken up in ether again, the solution dried, and distilled. 
The fluorophenol had b. p. 151—152° (6 g.), and its p-nitrobenzoate crystallised from acetic acid 
in large plates, m. p. 98°, with high double refraction and oblique extinction, sometimes showing 
similar twinning to that of the m-isomeride (Found: C, 59-9; H, 3-2%). 

p-Fluoroanisole, b. p. 174—175° (23 g. from 50 g. of p-anisidine), in the same way yielded 
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p-fluorophenol, b. p. 81-5°/13 mm. (15 g.), which solidified, m. p. 28°. Its p-ntivobenzoate 
crystallises from acetic acid in large orthorhombic plates with high double refraction, m. p. 100° 
(Found: C, 60-0; H, 3-3%). 

Of the remaining phenols, p-chloro- (m. p. 37°) and p-bromo-phenol (m. p. 63°) were purified 
specimens of purchased material, and m-chlorophenol (b. p. 214°, m. p. 28°) was kindly provided 
by Dr. H. H. Hodgson. The m-bromophenol (b. p. 236°, m. p. 32°) and iodophenols (0-, m. p. 
42°; m-,m. p. 40°; -, m. p. 93°) were prepared from the pure amines. In order to ensure the 
purity of o-chloro- and o-bromo-phenols, the purchased materials were converted into the p- 
toluenesulphonates, which were respectively large colourless monoclinic crystals, m. p. 74° 
(Found: C, 55-1; H, 4-1. C,,H,,0,CIS requires C, 55-3; H, 3-9%), and massive monoclinic 
prisms, m. p. 76° (Found: C, 47-9; H, 3-6. C,,;H,,O,BrS requires C, 47-7; H, 3-4%). The 
phenols were recovered from these: o-chlorophenol, b. p. 174—175°; o-bromophenol, b. p. 
193—194°. 

All the substances examined were freshly redistilled or recrystallised at least twice im- 
mediately before use. 

Method of Measurement.—According to Brénsted (Joc. cit.), the strengths of acids (or bases) 
are best compared in a given solvent by the use of the acidity (or basicity) ‘‘ constant,”’ defined 
for the acid HA by the expression k = aq.[A’]/[HA], where ag. represents the activity of the 
hydrogen ion, and square brackets indicate concentration terms. The function varies with con- 
centration and the true (sometimes called “‘ thermodynamic ’’) constant (K) for a given solvent 
should be obtained at infinite dilution by extrapolation or by use of the expression @q-@,-/ay,4, 
with the standard state defined so as to make the activity and stoicheiometric concentration 
identical at infinite dilution. On introduction of activity coefficients (f), it is seen that K = 
{(eu[AI/A}}- Sa-lfas. For the solvent used in the present work (dielectric constant 64-4; 

Wyman, J. Amer. Chem. Soc., 1931, 58, 3292) the extended Debye-Hiickel equation giving the 
variation of the activity coefficient of the A’ ions with concentration at 25° may be written in the 
form — log fy, = 0-683*/. — Cy, where p is the ionic strength of the medium and C is a con- 
stant, which is greater the larger the “‘ mean effective diameter ” of the ions present. Since all 
the phenols and anilines yield relatively large ions, it is not unreasonable to suppose that C will 
have a value of atleast 2. On the basis of this assumption it can be calculated that the maximum 
variation of f,. in the course of the measurements described in this paper was from 0-96 to 0-92 
when using a 0-01N-solution of phenol or aniline, or from 0-92 to 0-88 in the few cases in which a 
0-05N-solution was used. As a general rule, the activity coefficient of an undissociated sub- 
stance increases with increasing ionic strength, as is shown by the “ salting-out ” effect of ions, 
but with phenols or amines in the presence of their respective salts this is probably not the case. 
The solubility of aniline in water is increased by the presence of its salts (Sidgwick, Pickford, and 
Wilsdon, J., 1911, 99, 1222; von Euler and Svanberg, Z. Elekirochem., 1917, 283, 192; Pedersen, 
J. Amer. Chem. Soc., 1934, 56, 2615), and the critical solution temperature of phenol is lowered 
by the presence of phenoxide; consequently, in each case the activity coefficient of the un- 
dissociated species decreases with increasing ionic strength, and this is probably true in general 
for anilines and phenols in the presence of their salts. In view of the relatively small deviation 
of f,. from unity, it appears, therefore, that no considerable error will be involved in the present 
circumstances by assuming that f,./fg, is unity; similarly for a base it may be supposed that 
fge is equal to fgou. The thermodynamic dissociation constant under these conditions will then 
be equal to the acidity (or basicity) constant defined above. This assumption has been made by 
other workers, sometimes without justification, and it is virtually equivalent to the use of the 
“‘ acidity potentials ’’ as defined by Schwarzenbach (Helv. Chim. Acta, 1930, 13, 870). 

The most convenient method for determining the acidity (or basicity) constant is to titrate a 
solution of the phenol (or amine) of known concentration with a standard solution of a strong 
alkali (or acid), and to find the py of the system at different stages of neutralisation. Since the 
latter gives a direct measure of ay. in a given mixture, and the ratio [A’] /[HA] can be determined 
from the amounts of acid (or alkali) added, the dissociation constant can be calculated. For 
acid—base mixtures of pq 4—10, the simple Henderson equation may be used, but outside these 
limits the more accurate forms must be employed (cf. Glasstone, “‘ The Electrochemistry of 
Solutions,” pp. 189—194). The constancy of the values of K obtained in this work justify the 
assumptions made concerning the ratio of the activity coefficients of the ions and undissociated 
molecules. 

The accurate determination of pg involves some form of the hydrogen electrode: it is well 
known that the gas electrode is unsatisfactory in the presence of amines or of phenols, although 
it has been used, e.g., by Branch, Yabroff, and Bettman (J. Amer. Chem. Soc., 1934, 56, 937), in 
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aqueous-alcoholic solutions of chlorophenols; these authors state, however, that the final 
potentials were only attained very slowly and often large drifts were observed. The quin- 
hydrone electrode has been employed in some cases for phenols and amines (e.g., Kuhn and 
Wassermann, Joc. cit.), but poisoning may occur and the electrode is evidently unsatisfactory in 
these solutions. Two obvious objections to the use of quinhydrone are, first, with phenols the 
fu values often exceed 9, which is beyond the limit of reliability of the electrode, and secondly, 
there is always a danger of interaction between an amine and the quinol. The antimony elec- 
trode has been employed with aqueous-alcoholic solutions by Halford (ibid., 1931, 58, 2944), 
although this is known to give only approximate pq values over a relatively limited range. 
The glass electrode suffers from none of the disadvantages of the other hydrogen electro:es ; 
it is said to be unsatisfactory in alcohol-rich aqueous mixtures (Dole, ibid., 1932, 54, 3095), but 
it appeared likely to be reliable in the mixture we were using. This expectation was borne out 
in the course of the present work, and satisfactorily reproducible results were obtained when 
difficulties due to the resistance of the glass had been overcome. 

Measurements of Py.—The glass electrodes were made of the special glass supplied by Messrs. 
Dixon of Devonshire Street, London, W.C.1 (see Harrison, J., 1930, 1522); a number of both 
the MacInnes and Dole type (Ind. Eng. Chem., Anal., 1929, 1, 57) and of the bulb type were 
tried, but, in agreement with the findings of Harrison (Joc. cit.) and contrary to those of Greville 
and Maclagan (Trans. Faraday Soc., 1931, 27, 210), the latter were found to be much more satis- 
factory, especially if the valve in the potentiometer was not of the ‘‘ electrometer triode ’’ type. 
The bulbs were blown on 3-mm. tubing and had a diameter of about 2-5—3 cm.; they contained 
an acetate—acetic acid buffer and a little quinhydrone into which a clean platinum wire was 
inserted, and their resistance was about 20 megohms, or less. The potentiometer circuit was 
similar to that described by Morton (J., 1931, 2938), modified so as to operate directly from the 
A.C. mains; the valve was an Osram ML 4, and its sensitivity was varied by means of a rheostat 
in the cathode circuit which provided ‘‘ automatic” grid bias. In order to maintain stability, 
the negative side of the valve system was connected to earth. The circuit can be recom- 
mended as a simple and efficient one for use with electrodes of not too high resistance, although 
precautions must be taken that the double-pole switch has good insulation and that the im- 
pedance of the potentiometer system is high (cf. Morton, J., 1934, 256). 

A saturated potassium chloride—calomel electrode was used as the comparison electrode, and 
this was connected to the beaker, containing the glass electrode supported on a well-insulated 
stand, by means of a syphon tube filled with saturated potassium chloride solution. There is, 
no doubt, a liquid-junction potential of uncertain magnitude between the aqueous alcohol in the 
beaker and the potassium chloride solution, but since the same (or similar) junction appears in 
the measurements made to standardise the glass electrode, the error resulting from its presence 
is probably negligible. The combined cell was supported on a well-insulated porcelain plate 
inside an aluminium thermostat filled with liquid paraffin kept at 25°; to avoid the interference 
of stray potentials, the thermostat was connected to earth. When using the glass electrode, it 
was found advisable to immerse the bulb so that the liquid inside it was at the same level as that 
in the titration vessel; this necessitated occasional adjustment of the electrode during the course 
of measurement. The glass electrode acquired its equilibrium potential with reasonable rapidity, 
5 minutes being generally sufficient if the change of pg did not exceed 2 units. 

The electrodes were calibrated by means of a form of Britton and Robinson’s universal buffer 
solution (J., 1931, 1456); it consists of citric acid, potassium dihydrogen phosphate, boric acid, 
diethylbarbituric acid, and sodium chloride, being 0-0286M with respect to each. This solution 
in water was first titrated with 0-2N-sodium hydroxide, and the pq values determined by means 
of a hydrogen-gas electrode; the experiment was then repeated with the buffer mixture and the 
alkali dissolved in the 30% alcohol. The results are'shown in Table I: the close proximity, at 
least up to pg 10, of the curves, which are readily reproducible, suggests that the results are 
reliable in the alcoholic solution. The potential of the glass electrode was then determined in a 
number of solutions of known pg made from the buffer mixture and sodium hydroxide in water 
and also in the aqueous alcohol. The plot of pg against electrode potential was very close to a 
straight line over the py range 2—10, and the slope was 98—100% of the theoretical value; the 
potentials in the alcoholic solution were about 0-020 below those in water. The glass electrodes 
were generally calibrated in this way before each titration of phenol or amine; the potential of 
an efficient electrode in a given solution varied only slightly over a period of weeks. 

For determination of the dissociation constants, 50 c.c. of a 0-01N-solution (in some cases 
0-05N) of phenol or amine in the 30% alcohol were titrated with a 0-01N (or 0-05N)-solution 
of sodium hydroxide free from carbon dioxide, or of hydrochloric acid, made up in the same 
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solvent; the py, values of the solution were determined after each addition of titrant. 
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With the 


fluoro-phenols and -amines, the measurements were also made in aqueous solution with glass 
electrodes calibrated in the same solvents. 


pa 


2°39 
2°71 
3°13 
3°60 
3°98 
10 4°39 
12 4°70 


WARIS Oo 


In Table II full details are given for o-fluoroaniline and o-fluorophenol. 


(H,0). 


TABLE I. 
Calibration of Universal Buffer. 
50 C.c. of buffer solution titrated by 0°2N-NaOH. 


Pu (30% H Pu (30% 

EtOH). C.c. (H,0). EtOH). C.c. 
2°73 14 5°05 5°38 28 
2°99 16 5°36 5°73 30 
3°51 18 5°69 6°01 32 
3°95 20 6°10 6°43 34 
4°34 22 6°44 6°81 36 
4°65 24 6°75 7°15 38 
5°03 26 7°10 7°44 40 


Pu 
(H,0). 


7°46 
7°76 
8°12 
8°56 
8°98 
9°43 
9°90 


Pu (30% 
EtOH). 
7°76 
8-09 
8°47 
8-92 
9°47 
9°93 
10°41 


In Tables III and IV 


the data for the complete series of anilines and phenols respectively are summarised, the most 


trustworthy values for aniline and phenol (in water) being added from the literature. 


TABLE II. 
Dissociation Constant of o-Fluoroaniline. 


I. In 30% ethyl alcohol at 25-0°. 


BER CB. 000002 . 1 

ER ERE MITE 3°18 
Pik so 0S6i cits 11°47 
II. In water at 25°0°. 
ACE, ©.C. 220%. 5 

Gy aes cceccodaceos 3°98 
Pr, ceececeecees 11°03 


50 C.c. of 0°05N-amine titrated with 0°05N-HCIl. 


15 20 25 30 40 
2°90 2°71 2°57 2°47 2°29 


11°54 11°57 11°57 11°54 11°51 Mean 11°53; Ky = 2°95 x 107. 


50 C.c. of 0°01N-amine titrated with 0°01 N-HCI. 
10 15 20 25 
3°63 3°44 3°27 3°15 
11°05 11°01 11°05 11°04 
Dissociation Constant of o-Fluorophenol. 


50 C.c. of 0°01N-phenol titrated with 0°01N-NaOH. 


I. In 30% ethyl alcohol at 25-0°. 


NaOH, c.c. ... 10 
pu eeccecccoccoece 8°73 
Pr, Sevcecececce 9°33 


Poe vcnssreceqaqese 8°20 
p ; Pe 8°80 
Mean 
Substance. Px: 
Aniline ............ 9°90 
o-Fluoroaniline 11°53 
m-Fluoroaniline 10°98 
p-Fluoroaniline 9°92 
o-Chloroaniline 11°87 
m-Chloroaniline 11°07 
p-Chloroaniline 10°54 
o-Fluoroaniline 11°04 
m-Fluoroaniline 10°59 


* Hall and Sprinkle, J. Amer. Chem. Soc., 1932, 54, 3469. 


15 20 25 30 40 
9°01 9°20 9°37 9°56 10°00 


Mean 11°04; Ky, = 9°20 x 10°", 


9°38 9°38 9°37 9°39 9°39 Mean 9°37; K, = 4:27 x 107?°. 


8°80 8°81 8°82 8°81 8°82 Mean 8°81; K, = 15°5 x 107%, 


TABLE III. 
Dissociation Constants of Anilines at 25-0°. 
Limits of Kp Mean Limits of Kp 
Pr, x 10%, Substance. px, Px, x 101, 
I. In 30% ethyl alcohol. 
9°85— 992 126 o-Bromoaniline 12°00 11°96—12°01 1:00 


11°47—11°57 2°95 m-Bromoaniline 11:10 11°04—11°13 7°94 
10°90—11°01 10°5 p-Bromoaniline 10°66 10°62—10°70 21°9 
9°92— 9°93 120 o-Iodoaniline ... 12°45 12°35—12°54 0°36 
11°82—11°89 1°35 m-lodoaniline... 11°12 11°09—11°17 7°59 
11°02—11°11 8°51 p-lodoaniline... 10°82 10°77—10°85 15:1 


10°51— 10°55 28°8 
II. In water. 


11°01—11°05 9°20 p-Fluoroaniline 9°36 9°33— 9°38 441 


10°55— 10°68 25°7 Aniline * ......... 
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TABLE IV. 


Dissociation Constants of Phenols at 25-0°. 


Mean Limits of KK, Mean Limits of 
Substance. Pa, Pr, x 10%, Substance. Pr,: Pu, 
I. In 30% ethyl alcohol. 


10°43—10°52 o-Bromophenol ‘Ol — 8-98—9°04 
o-Fluorophenol ‘ 9°33— 9°39 : m-Bromophenol 9° 9°34—9°39 
m-Fluorophenol 9°82 9°80— 9°83 , p-Bromophenol , 9°77—9°85 
p-Fluorophenol 10°59 10°58—10°61 F o-Iodophenol... 9 9°01—9°05 
o-Chlorophenol 8-99 8-97— 9°01 j m-lodophenol... 9° 9°30—9°43 
m-Chlorophenol 9°31 9°28— 9°34 A p-Iodophenol... 9 9°64—9°70 
p-Chlorophenol 988 9°85— 9°92 ‘ 
- In water. 
o-Fluorophenol 8°81 8:80—8'82 15°5 -Fluorophenol 9°95 9°95—9°95 1°12 
m-Fluorophenol 9°28 9°26—9°29 5°25 enol * 1:20 
* Mizutani, Z. physikal. Chem., 1925, 118, 318; compare Walker and Cormack, J., 1900, 77, 5. 


DISCUSSION OF THE RESULTs. 


These results are in general agreement with other comparable values on record. For 
instance, the three monochloroanilines have been compared by de Rohden (j/. Chim. 
physique, 1915, 18, 207) by conductometric titration in water; by Brénsted and Duus (Z. 
physikal. Chem., 1925, 117, 299) by a potentiometric method and by observations of the 
catalysis of the decomposition of diazoacetic ester in water; by Kuhn and Wassermann 
(loc. cit.) by potentiometric observations in 50% methyl alcohol; by Williams and Soper 
(loc. cit.) by a partition method in water; and by Goodhue and Hixon (loc. cit.) by calcul- 
ation from the solvolysis constants of Goldschmidt and Mathiesen (Z. physikal. Chem., 1926, 
119, 439) in ethyl and methyl alcohols, the bromoanilines being included. The three 
monochlorophenols have also been compared by Kuhn and Wassermann (loc. cit.) in 50% 
methyl alcohol; by Branch, Yabroff, and Bettmann (loc. cit.) in 25% ethyl alcohol; and 
by Murray and Gordon (J. Amer. Chem. Soc., 1935, 57, 110) in 50% methyl alcohol. 

The figures now recorded confirm the difference between the strengths of p-chloro- and 
p-bromo-aniline which had originally attracted attention, and the inclusion of the other 
halogens shows that the underlying tendency is general.and much more pronounced than 
had been apparent from the scanty data previously available. 

As regards both m-halogenoanilines and m-halogenophenols, the strengths are almost 
the same for the various halogens with the exception of the fluoro-compounds—the fluoro- 
amine being definitely stronger and the fluorophenol weaker than the others. It may be 
recalled that the strengths of the m-halogenobenzoic acids are all approximately equal (Kuhn 
and Wassermann, Helv. Chim. Acta, 1928, 11, 31). In the o- and #-series of anilines the 
strengths fall definitely from fluorine to iodine, the variation being largest with the - 
isomerides. In the o- and p-series of phenols there is less variation, but once again the 
fluoro-compounds are outstanding, the fluoro-phenols being all weaker than the other 
analogous halogenophenols. The most striking fact which emerges is that although m- 
fluoroaniline and m-fluorophenol differ in strength markedly from aniline and phenol, in 
the expected directions, p-fluoroaniline and #-fluorophenol are each approximately equal in 
strength to the parent substances. 

The significance of these comparisons will be referred to in a subsequent paper. 


THE UNIVERSITY, SHEFFIELD. [Received, September 30th, 1935.) 
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425. The Polar Effects of the Halogens in Aromatic 
Combination. 


By G. BADDELEy, G. M. BENNETT, S. GLASSTONE, and BRYNMOR JONES. 


In order to make clear the significance of the data recorded in the foregoing papers it is 

necessary to reconsider the question of the polar influences of the halogens in detail. 

Inductive Effects —The assumption has naturally been made, and is adopted here, that 
the halogens have inductive effects in aromatic compounds identical with those clearly 
indicated by the properties of aliphatic substances (strengths of the halogenoacetic acids : 
F>Cl>Br>]I). It is instructive, however, to examine directly the evidence as to the 
inductive effects of the halogenophenyl groups. Since it is assumed that the inductive 
influence in a p-halogenophenyl compound may be modified by a permanent electromeric or 
“mesomeric ” disturbance, it is clear that the data for m-substituted compounds will be 
the best indication of inductive strengths. Even in these substances some relayed modi- 
fying influence may be expected (compare, e¢.g., Shoppee, J., 1932, 697), but it must be of a 
lower order of magnitude than that operating in the p-isomeride. 

Data recorded by Kuhn and Wassermann (Helv. Chim. Acta, 1928, 11, 31) for the 
strengths of the m-halogenobenzoic acids show little variation from one member to another 
of the halogen family, values of —logK, being : m-F, 3-85; m-Cl, 3-81 ; m-Br, 3-86 ; m-I, 3-80. 

The figures recorded in the preceding paper concerning the halogeno-anilines and 
-phenols indicate inductive effects for the halogenophenyl groups which are all of the same 
order but rise from fluorine to iodine and particularly between fluorine and chlorine : 

. Cl. Br. I. 
m-Halogenophenols, 10?° x K, ; 4°90 4°37 3°89 in 30% ethyl 
m-Halogenoanilines, 10! x K, , 8°51 7°94 7°59 alcohol 

A similar trend is apparent in the values of K,(x 10°) for the m-halogenophenylboric 

acids (Yabroff, Branch, and Bettmann, J. Amer. Chem. Soc., 1934, 56, 1850): F, 1-10; 

Cl, 1-35; Br, 1-46; H, 0-197. The velocity coefficients of the two reactions studied for 

the m-halogenobenzy] chlorides (Bennett and Jones, this vol., p. 1815) also provide evidence 

on this point : 

k for reaction F, Cl, Br. I. H. 
with iodide at 20° 2°17 2°47 2°34 1°32 
with water at 70° 00159 © 0°0156 0°0132 0°0143 0°0671 

The variations here are small, yet the drift for each reaction is in the sense of an inductive 

effect which increases in the order F< Cl< Br. 

Again, the electromeric disturbances can at most have only a relayed secondary effect in 
the case of the p-halogenophenylethyl chlorides (Baddeley and Bennett, this vol., p. 1819), 
and here also the resultant observed velocities of reaction with iodide are approximately 
equal: F, 1-55; Cl, 1-65; Br, 1-63; I, 1-40; H, 0-735. 

It is clear, then, from each of these sets of figures that the apparent inductive effects of 
the halogens attached to the phenyl group are almost equal. But this cannot be accepted 
as the whole truth, for the probability is admitted that some modification will have been 
introduced, even in the m-compounds, by the relayed influence of an electromeric or meso- 
meric disturbance. Moreover, there are numerous well-established facts which point to the 
familiar fall of inductive effects in the order F>CI>Br>I in aromatic compounds. For 
instance, the velocities of reaction of the p-halogenophenyl 6-chloroethyl sulphides with 
iodide (Baddeley and Bennett, J., 1933, 261) fell definitely in the order required by the 
usually accepted inductive effects (f-Cl, 0-197; #-Br, 0-150; #-I, 0-116), and the same is 
true of the mobilities in the tautomeric systems of the p-halogenated «y-diphenylpropenes 
and the m- and p-halogenated «y-diphenylmethyleneazomethines (Shoppee, J., 1930, 968 ; 
1931, 1225; 1932, 696) : 

k, + k, for : , Br. Cl. NO,. 
diphenylpropenes > A ; 0°64 1-02 — 
diphenylmethylene- { m- . , 9°47 10°7 147 

azomethines i ; 7°09 7°83 _ 
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In these instances direct or relayed electromeric effects would not facilitate the reactions 
in question, and consequently do not operate. There are also several familiar features of 
nuclear substitution pointing in the same direction—such as the variation of the velocity 
of substitution of the halogenobenzenes, of the o/ ratio in these processes, and the percent- 
ages of m-derivative formed in nitrating the benzyl halides. 

It may, therefore, be concluded that the halogens have inductive effects in aromatic 
compounds which vary in the same order as in aliphatic compounds, but that these are 
frequently modified by other factors so as to be either reduced to equality or inverted in 
order. 

Mesomeric E ffects—When it was pointed out recently (J., 1933, 261, 1112) that a number 
of recorded data indicated a ‘‘ permanent electromeric effect ’’ of the halogens substituted 
in aromatic compounds diminishing in the order F>Cl> Br> I, the need for a new designa- 
tion for this effect was emphasised, since the electromeric effect had originally been defined 
by English authors as arising only in reaction and therefore not permanent. The new 
term “‘ mesomeric ” was introduced at that time by Ingold (zbid., p. 1120) and has been 
generally adopted. The nature of this effect is open to question and will be referred to 
later. 
The magnitudes of the mesomeric effects of the halogens must diminish in the order 
F>Cl>Br>I. This supposition is necessary in the first place to account for the approxim- 
ate equality in the apparent inductive effects of the halogens shown by the evidence reviewed 
above—it being taken into account that the true inductive effects fall from fluorine to 
iodine. It is still more necessary to explain the much larger variations among the data 
relating to similar properties among the #-halogenated substances. Thus the dissociation 
constants of the p-halogenated benzoic acids and phenylacetic acids have quite recently 
been cited in this sense by Dippy, Watson, and Williams (this vol., p. 346), together with the 
figures for the p-halogenated phenylboric acids (Yabroff, Branch, and Bettmann, /oc. cit.). 
Our constants for the halogenated anilines and phenols show this point in a more striking 


fashion : 


Ch. Br. H 


’ I. . 
p-Halogenoanilines, 10! x K, 28°8 21°9 15:1 126 in 30% ethyl 
21 


p-Halogenophenols, 10° x K, . 1°32 1°55 9 0°32 alcohol 

In an earlier discussion of this problem, the fact that -chloro- is a stronger base than p- 
bromo-aniline was explained by Robinson (J., 1933, 1116) as a consequence of the greater 
deformability of the bromine atom in face of the electromeric process originating from the 
nitrogen atom. Provided that the inductive effects of the substituents could be dismissed 
as a negligible factor, this suggestion appeared to provide a sufficient explanation of the 
small observed difference of strength for the chloro- and bromo-aniline and for the similar 
difference in the case of p-chloro- and p-bromo-phenols. The argument might be further 
extended to account for the similar small differences in strength of the p-halogeno-benzoic 
and -phenylboric acids. It is true that in these compounds there is no atom such as nitrogen 
capable of conjugation with the nucleus; but the negative ion of the halogeno-acids might 
nevertheless, from this point of view, gain stability, increasingly as the substituent varied 
from fluorine to iodine, by reason of the increasing accommodation allowed to a polarisation 
of the nucleus in the field of the negative pole. 

The dissociation constants of the fluoro-anilines and -phenols show, however, that there 
is an important factor not to be explained away inthis manner. Although the introduction 
of the fluorine atom into the m-position of aniline and of phenol reveals a large inductive 
effect of fluorine (10" . K, for aniline,* 400 ; for m-fluoroaniline,* 25-7. 10% . K, for phenol,* 
1-2; for m-fluorophenol,* 5-25), yet the p-fluoro-compounds are equal in strength to the 
parent substances (f-fluoroaniline,* 444; #-fluorophenol,* 1-12). It follows that the 
inductive effects of the halogens are by no means negligible in this connexion, and that a 
large mesomeric effect is revealed for fluorine much in excess of that for chlorine. 

The comparative data for the velocities of hydrolysis of the halogenated benzyl chlorides 
also bear on this point : the figures for the m-substituted compounds show the presence of 


* In aqueous solution. 
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thé retarding inductive effects, as described above; but, in addition, there is an influence 
which facilitates the reaction for the p-halogenated benzyl chlorides, relatively in all cases, 
and absolutely in comparison with the parent benzyl chloride itself in the case of the fluoro- 
compound : 
Velocity coefficients, k,,°, for hydrolysis of halogenobenzyl chlorides. 
F. Cl. Br. I, H; 


00159 0°0156 0°0132 06-0143 } 00671 
0-114 0°0394 0:0310 0:0296 


This influence falls in a pronounced manner from fluorine to iodine (p/m velocity ratios : 
F, 7:17; Cl, 2-53; Br, 2-35; I, 2-07).* The process of hydrolysis might, according to the 


- commonly accepted view, be expected to be promoted by the influence of the nuclear 


UF lo halogen atom on the extended allyloid system (inset) (whether 
Hal-<7\ cH, —C] this involves the complete conjugation of the nuclear halogen 
atom with the nucleus by an increase of its covalency or not), and 
consequently these data point to a mesomeric or an electromeric effect, or both, for the 
halogens falling in magnitude from fluorine to iedine. This conclusion appears to be 
inevitable, and it may be noted that no special explanation seems to be available here, 
since there is no process which can be formulated as proceeding from the CH,Cl group 
back across the nucleus towards the nuclear halogen atom. Moreover these conclusions, 
which have been derived from the data for the p-substituted amines, phenols, and benzyl 
chlorides, would still be valid if the figures for the m-isomerides had been taken at their 
face value as indicating a slight increase of inductive effect from fluorine towards iodine. 

The order of the halogens with respect to the permanent electromeric (mesomeric) 
effect was stated by Baddeley and Bennett to be in diminishing intensity from fluorine to 
iodine (loc. cit., p. 265), and the evidence now reviewed is supplementary to that originally 
collected in the earlier paper. The order I>Br>Cl>F for this effect is given by Ingold 
(Chem. Rev., 1934, 15, 244), presumably because he regards this as more probable. 
Yabroff, Branch, and Bettmann (loc. cit.), on the other hand, have since independently 
arrived at the opposite (correct) order as previously put forward from this laboratory. 

The order of the mesomeric effect in the halogen family may thus be taken as established. 
The effect is clearly of the nature of a static polarisation, for its permanence has repeatedly 
been stressed. The mesomeric effect is, moreover, detected when the dipole moments of 
aromatic substances are analysed (Sutton, Proc. Roy. Soc., 1931, 133, A, 668; Bennett and 
Glasstone, ibid., 1934, 145, A, 71), but it should be noted that such evidence gives no indic- 
ation as to which atoms are concerned in the polarisation in question. 

If this polarisation be regarded as involving an actual increase of covalency in the bond 
between halogen and nuclear carbon atoms (as has been held by various chemists), its 
diminution from fluorine to iodine is difficult to explain, the opposite tendency being the 
natural expectation. On the other hand, if it has its origin in the controlling field of the 
halogen atom (as suggested by Baddeley and Bennett), the observed order is exactly that 
which would be expected. This view has recently been supported by Watson and others 


(loc. cit.). 
ey OO OOS, 


(I.) (II.) (III.) 


The mesomeric effect is regarded by Ingold and by Branch (locc. cit.) as due to a reson- 
ance between two forms such as (I) and (II). According to current views, all such polaris- 
ations of the aromatic nucleus aré to be regarded as due to resonance (compare Sidgwick, 
Ann. Reports, 1934, 31, 40). The question, in this instance, as to whether the second of the 


* It may be pointed out that, although caution may be necessary in making close comparisons of 
the velocities of reaction of different molecules with a given reagent (compare Conant and others, 
J. Amer. Chem. Soc., 1925, 47, 480; Lapworth, J., 1931, 1964), yet the similarity of substances such as 
p-fluoro- and p-chloro-benzy] chlorides in physical properties and molecular weight may give significance 
to even a small difference in their reactivities, and it will be evident that a comparison of the p/m 
velocity ratios for the fluoro- and chloro-benzyl chlorides is not open to criticism from this point of view. 

60 
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resonance forms involves an actual increase of covalency between halogen and nuclear 
carbon is a minor one—a resonance between two forms in the sense of a nuclear butadienoid 
polarisation (the second form being III) is equally possible and would be consistent with the 
suggestion we have made. A decision between these two possibilities may be left to the 
calculations of wave-mechanics if and when these can be made with certainty, but mean- 
while it may be pointed out that the latter conception appears to have a reasonable chemical 
basis whereas the other meets with difficulties. 

The Electromeric Effect—The mesomeric effect was conceived as a permanent electro- 
meric effect. From this point of view these effects are intimately related and have a com- 
mon origin; it is therefore reasonable that the order of the electromeric effects for the 
halogens should be the same as for the mesomeric effect, t.e., F>Cl>Br>I. Moreover, | 
the relationship between the two effects implies that a mesomeric effect in a substance such 
as p-fluorobenzyl chloride must, if it facilitates a reaction the substance is undergoing, 
at once develop on demand in the reaction into a true electromeric effect. Consequently, 
the observation that #-fluorobenzyl chloride has the highest velocity of hydrolysis among 
halogenobenzyl chlorides (in spite of the retarded reaction observed for m-fluorobenzyl 
chloride) must be regarded as indicating that not only the mesomeric but also the electro- 
meric effect is in fact at its highest for fluorine among the halogens.* 

This point requires careful consideration, because it seems likely that any conflict of 
statement as to the order of the electromeric effects of the halogens may be essentially a 
question of the use of the terms involved. According to our view, any evidence which might 
be advanced to support the opposite order (falling from iodine to fluorine) for the electro- 
meric effects may be explained as relating to the different factor of bond polarisability 
discussed below. 

The Polarisability Factor.—There is also another influence of the halogens (in common - 
with many other substituents, X) which rmhust affect the orientation and other features of 
aromatic substitution reactions, viz., the polarisability of the C-X bond. This polaris- 
ability affords an explanation of the o-p-directive power of groups such as CH;, CH,Cl, 
CH,°CN, etc., and might in itself suffice to account for the o-p-directive power of the 
halogens. It has been customary to ascribe the o-p-directive power of the methyl group in 
toluene to its electron-repelling inductive effect, but this view cannot account for the similar 
orientation caused by such a substituent as the CH,°CN group, which must have an electron- 
attracting inductive effect. 

In the halogen family, the familiar variation of the velocity of substitution in halogeno- 
benzenes may be contributed to by the variation we must expect in the polarisability of the 
carbon-halogen bond (the assumption of a covalency increase being unnecessary). From 
the point of view of aromatic substitution it may well be that this factor is permissive, 
whereas the mesomeric (and electromeric) effect is forcibly directive in action. The com- 
bined operation of these two factors—the mesomeric effect and the polarisability factor— 
will suffice to account for the substitution of o-chlorofluorobenzene predominantly para to 
the fluorine atom whereas the o-bromoiodobenzene is substituted to the greater extent 
para to iodine (Ingold and Vass, J., 1928, 417; Holleman, Rec. trav. chim., 1915, 34, 228). 

In brief, therefore, we take the view that the known facts can be accounted for consis- 
tently and satisfactorily by the following factors: (1) the mesomeric polarisation varying 
for the halogens in the order F>Cl>Br>I, (2)the electromeric effect (if any) in the same 
order, (3) the inductive effect and field effects varying also in the order F>Cl>Br>I, and 
(4) a polarisability effect (presumably identical with Ingold’s “ inductomeric polarisability,” 
loc. cit., p. 263) which varies in the order : I>Br>Cl>F. 


THE University, SHEFFIELD. [Received, September 30th, 1935.] 
* The data admittedly do not give an independent proof that the electromeric effect varies in the 


order stated. The possibility remains that the electromeric effect is negligible in these cases. A true 
electromeric effect might be held to occur only in systems terminated by atoms such as O, N, or S. 
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426. The Halogenation of Phenolic Ethers and Anilides. Part V. 
Alkyl and w-Substituted-alkyl Ethers. 


By BRYNMOR JONES. 


In the earlier parts of this series (Bradfield and B. Jones, J., 1928, 1006, 3073; 1931, 2903) 
the interpretation of the Arrhenius expression, k = aé~*/*7, afforded by the kinetic activ- 
ation theory, which was meeting with considerable success in the study of gaseous reactions, 
was applied to the benzene-substitution problem, considered as a problem of reaction rates 
in solution. A preliminary test of this expression, made by using Holleman’s data for the 
relative amounts of the isomerides formed by nitration of a number of aromatic compounds, 
justified its application to the specific problem of the relative rates of chlorination and brom- 
ination of aromatic ethers. Two main results emerged; (i) that the term «, which includes 
phase and steric (geometric) or orientation factors, is constant within the error of experi- 
ment; (ii) that in compounds of the type -RO-C,H,°X the groups OR and X each contri- 
bute a characteristic quota to the activation energy of further substitution. In connexion 
with the first conclusion, it is interesting to note that Williams and Hinshelwood (J., 1934, 
1079) and Hinshelwood and Legard (this vol., p. 587) have since discovered groups of re- 
actions in which large changes of reaction rate are attributable mainly to variations in E. 
Whether this will be found to be strictly true for all types of reaction is still open to question 
(cf., however, Evans, Morgan, and Watson, this vol., p. 1167). In the present communic- 
ations the series of ethers studied has been enlarged, the additive relationships receiving 
further illustration. 

Modifications in the group R of OR are alone dealt with, discussion of the effect of the 
position and nature of the group X being deferred until completion of work now in hand. 
A few minor departures from the “ law of additivity,” not greatly beyond the estimated 
experimental error of measurement, are discussed later, together with one or two observed 
anomalies where the departure is much greater. 

Comparative velocities of chlorination have been determined for about twenty new 
ethers. The velocity coefficients are given in Table I. The relative directive powers of all 
the OR groups (R = alkyl) so far examined are given in Table II in the form * 
1O0k2" /kQ™*, with the relative directive effects of CO,H, Cl, and Br as p- and o-substituents 
in Table III. All measurements were carried out at 20°, the medium being “‘ 99% 
acetic acid ”’ (1 c.c. of water per 100 c.c. of solution). 


TABLE I. 


Velocity coefficients for the chlorination of substances of the types o- and p-CgH,X°OR 
in 99% acetic acid, at 20°. 
[Cl,] = 0°0075; [ether] = 0-0225; [HC!] = 0-0375. 
Group X. Group R. k. Group X. Group R. k. Group X. Group R. 
p-CO 0-444 p-Cl CH 1226 = p-Br Br(CH,) 
liens 0-966 2. — a”. Br{CHls 
0-960 ps n-C,Hy3 2770 o-CO,H CH, 
0°947 ” n-C,Hys 2-743 o-Cl ” 
0°919 , ols; 2°663 T ” n- H, 
H,, 1114 = p-Br cH, 1-256 - iso-C,H, 
c ie aj, 0°528 fa iso-C,H, 2°78 ® n-C,Hy 
C,H,(CH,], 0°760 i CieHes 2665¢ , n-C,Hi, 
+ [ether] = 0:0075. t [ether] = 0-0025; [Cl,] = 00025 ; 
k when R = CHsg, 0-553. 


Discussion of Results.—Alkyl ethers. The variation of reaction velocity with the growth 
of a saturated chain of atoms has been extensively studied. With alkyl groups the effect 
is generally progressive up to the third or fourth carbon atom, the reactivity thereafter 
remaining practically constant (cf. Segaller, J., 1914, 105, 106; Haywood, J., 1922, 121, 


* For notation, see Bradfield and B. Jones (ioc. cié.). 
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TABLE II. 


Relative directive powers of the groups OR in compounds of the types o- and p-CgH,X°OR. 
Values of 100kY* /kX™. 
(a) Alkyl ethers. 
R= CH,. C,H;. C,H,*. C,H,f. C,H,*. iso-C,Hy. C,H, ,*. CgHys%. CyHy,*. CgHy,%. CygHy- 
X = ~-CO,H 100 198 215 444 221 211 218 216 213 207 201 
p-Cl 100 199 225 439 222 2206 225 226 224 — 201 
p-Br 100 200 227 438 — 218 — — — — —_ 
o-Cl 100 199 226 364 227 -- 221 — — — — 
(b) w-Phenyl- and w-bromo-alkyl ethers. 
(CH, ],Ph. [CH,],Ph. (CH, ],Br. [(CH,],Br. 
119 171 —_— — 
— —_ 21 65 
TABLE ITI. 


Relative directive effects of the groups COH, Cl, Br in compounds of the types o- and 
p-CgH,X-OR. Values of 100RkQ"/RO™. 
X= p-CO,H. p-Cl. o-Cl. p-Br. R. X=~p-CO,H. }-Cl. o-Cl. p-Br. 
276 1000 283 C,H,(iso) 100 289 — 293 
278 1011 287 C,H,,° 100 285 1018 ‘ie 
288 1051 298  C,Hy,;* 100 288 <i ne 
272 818* 279 C,H,,* 100 290 uve cae 
283 1045 — 
* See discussion (p. 1833). 


1904; Bennett and Reynolds, this vol., p. 131; Conant and Kirner, J. Amer. Chem. Soc., 
1924, 46, 232, et seq.). 

The influence of such a chain of carbon atoms on nuclear chlorination is well illustrated 
by the velocity ratios in Table II, the relative directive powers of n-alkyl groups being as 
follows : 

CH, : C,H, : C,H, : C,H, : C,H,, : C,H,, : C,H,;, : C,H,, : C,H, 

100 : 199 : 223 : 223: 221 : 221 : 219 : 207 : 201 
Thus, from propyl to heptyl the reactivity remains unaltered, octyl and cetyl then giving 
slightly lower values. 

A closely parallel order of reactivity was found by Robinson and his collaborators for 
the nitration in acetic acid of quinol ethers of the type ~-RO-C,H,*OMe (Robinson and 
Smith, J., 1926, 392; Clarke, Robinson, and Smith, J., 1927, 2647; Smith, J., 1931, 251). 
In this series, however, of all the straight-chain alkyl ethers examined, the cetyloxy-group 
has the highest directive power : 

R=CH, : C,H, : C,H, : C,H, : CygHys 
100 : 164 : 180 : 186: 212 : 
If the methyl group exerts its influence through the carbon chain, then it would seem 
reasonable to assume that the constant reactivity characteristic of long-chain compounds 
would be followed by a fall rather than a rise as the chain is lengthened (cf. Conant and 
Kirner, loc. cit.). 

In calculating the relative speeds of chlorination of the different ethers it has been 
assumed that Z, the collision number, remains constant. Since Z involves oa, the effective 
molecular diameter, and M, the molecular weight, it is at once obvious that by itself an 
increase in molecular weight as in the higher ethers involves an appreciable alteration in 
Z. The effect of this increase, however, is probably balanced to some extent by a change 
in c. In view of our lack of knowledge of o, it was considered best to leave the results 
uncorrected. 

The familiar effect of a branching chain is illustrated by the relative directive powers 

OCH, : OC,H, : OC,H,*: OC,H,f : OC,H,* : OC,H, (iso) 
Ses Cee le ee ee ee 


The almost identical reactivities of the m- and the iso-butyl ether confirm the fact that 
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branching on the 6-carbon atom, and therefore presumably later in the chain, has little or 
no effect on the reactivity (cf. Orton and King, J., 1911, 99, 1372). 

The value 364 for the relative directive power of OPr® in o-chloropheny]l isopropyl ether, 
however, presents a marked anomaly. This low reactivity is all the more unexpected since, 
of 14 groups examined in this series, OPr® is alone abnormal. It is too early to attempt a 
detailed discussion of this anomaly, but it is of interest that in p-cymene, methyl possesses 
a greater o-directive influence than isopropyl (Le Févre, J., 1933, 980; 1934, 1501). It may 
well be that OPr® differs from OMe and OEt in the relative proportions of o- and p-isomerides 
formed. 

w-Halogen ethers. General experience and several published researches have shown 
that the introduction of an electron-attracting atom or group into an of-orienting group 
greatly reduces the rate of substitution. The retarding influence of chlorine on both 
nuclear and side-chain reactivity is well illustrated by the study of C- and N-chlorination 
of anilides (Williams and Hughes, J., 1931, 3125; Bradfield and B. Jones, loc. cit.; B. 
Jones, J., 1934, 210). 

In the present series introduction of bromine into ethyl produces a marked decrease in 
reactivity. As anticipated, the intervention of an additional methylene group diminishes 
the depressing effect, but only slightly, the values relative to the methyl ether = 100 being 
21 and 65 for [CH,],Br and [CH,],Br respectively. The damping effect of intervening 
methylene groups is familiar from the decrease in m-substitution that accompanies the 
gradual removal from the nucleus of an electron-attracting group (Holleman and Bruyn, 
Rec. trav. chim., 1900, 19, 79; Baker and Ingold, J., 1926, 2462). In the present case the 
halogen with three carbon atoms separating it from the oxygen still exerts a considerable 
effect, since the rate of reaction has only reached approximately 30% of the limiting value 
for long-chain ethers. Progressive dissipation of the effect will undoubtedly occur as the 
chain is lengthened, but since there are other substituents (e.g., NO.) which have polar 
effects markedly stronger than those of the halogens, it seems likely from the present 
results that the inductive effect of one of these would be transmitted through a saturated 
chain of more than three carbon atoms. 

«-Phenyl ethers. That the phenyl group exerts a similar but much weaker effect than 
bromine is apparent from the directive powers of the methoxy-, benzyloxy-, $-phenyl- 
ethoxy-, and y-phenylpropoxy-groups : 

OCH, : OCH,Ph : OC,H, : O[CH,],Ph : OC,H, : O[CH,],Ph 

100 : | 67.UCUtCODCslCCOdWMKSD > 223 : 42171 
Here, again, the effect diminishes as the chain is lengthened, but in spite of the inherently 
weaker deactivating effect of the phenyl group than of the halogens, it is, nevertheless, 
sufficiently potent to transmit its influence across three carbon atoms, for the y-phenyl- 
propoxy-group has only approximately 77% of the reactivity of the parent propoxy-group. 
Further increase in chain length suppresses the effect almost completely (cf. Conant and 
Kirner, Joc. cit.). The phenyl group appears to exert its greatest effect, however, when 
attached to the 6-carbon atom, for the reactivity of the 8-phenylethoxy-group is only 60% 
of that of the ethoxy-group, whereas the benzyl and the y-phenylpropyl ether show 70 and 
77% respectively of the reactivity of the methyl and the propyl ether. This observation, 
although unexpected, is not unique, for Conant and his collaborators, studying the reaction 
of organic chlorides with potassium iodide in acetone, found that §-phenylethyl chloride 
showed a lower reactivity than either benzyl or y-phenylpropyl chloride. 

The effect of introducing substituents into the phenyl group is shown from the results 
in Part VI. Methyl increases the speed of substitution, the effect being independent of 
its position. Halogens, in all three positions, decrease the reactivity, with rather smaller 
effect in the p-position than in the o- and m-, which are very similar, whilst the nitro-group 
exerts, as anticipated, a more powerful deactivating effect, this being slightly greater in the 
o- and p- than in the m-position. 

EXPERIMENTAL. 

The velocity coefficients of chlorination at 20° were determined by the method described 

previously (Orton and Bradfield, J., 1927, 986; Bradfield and B. Jones, Joc. cit.), the medium 
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being purified acetic acid, stable to chlorine, and containing a total of 1 c.c. of water per 100 c.c. 
of reaction mixture. 

Standard methods were used for the preparation of the ethers from the parent hydroxy- 
compounds and the alkyl or benzyl halide. As before, particular attention was paid to the 
freedom of the materials from impurity, especially from reactive substances, since ;these exert 
a marked effect on the rate of reaction when the proportion of ether to chlorine is 3 : 1, as in most 
of the measurements now recorded. Fortunately, such impurities were usually very easily 
detected by the appearance of a downward drift in the velocity coefficients. Whenever this 
occurred, the specimen was further purified by crystallisation or, if liquid, by careful distillation 
at 12—15 mm., until the drift was completely eliminated and further purification produced no 
change in the rate of chlorination. The distillations were carried out in a special vacuum- 
distillation flask fitted with a glass fractionating column. The constancy of the velocity co- 
efficient rather than of the m. p. or the b. p. was taken as the criterion of purity. Each solid 
material was crystallised three times, usually from ethyl alcohol or glacial acetic acid, and only 
in exceptional cases was further crystallisation necessary. 

p-Chlorophenyl n-amyl ether, prepared from p-chlorophenol and commercial »-amyl bromide 
in the usual manner, is a colourless liquid, b. p. 132—133°/12 mm. (Found: * C, 66-3; H, 7-6. 
C,,H,,OCI requires C, 66-5; H, 7-6%); and the n-hexyl ether, a similar colourless liquid, had 
b. p. 172°/34 mm. (Found : C, 67-6; H, 8-0. C,,H,,OCI requires C, 67-7; H, 8-0%). 

p-Chlorophenyl n-heptyl ether. A commercially pure specimen of »-heptyl alcohol was con- 
verted into the chloride by the action of excess of thionyl chloride and pyridine, with chloroform 
as a diluent. The ether, prepared from the chloride and p-chlorophenol in sodium ethoxide, 
distils as a colourless liquid, b. p. 162°/14 mm. (Found: C, 68-8; H, 8-5. C,;H,,OCI requires 
C, 68-8; H, 8-4%). 

p-Chlorophenyl cetyl ether. Attempts to prepare this ether by heating together under reflux 
equimolecular proportions of cetyl iodide and p-chlorophenol were unsatisfactory owing to the 
difficulty of completely removing unchanged iodide. A purer specimen was obtained by using 
100% excess of the phenol and adding enough acetone to the alcoholic potash to dissolve the 
iodide. The excess phenol was removed with aqueous potash, and on pouring into water the 
ether solidified. It was crystallised several times from alcohol and acetone; m. p. 48° (Found : 
C, 74:8; H, 10-4. C,,H,,OCl requires C, 74-85; H, 10-6%). The corresponding p-bromo- 
phenyl ether, prepared similarly, crystallises from acetone as soft white crystals, m. p. 49° (Found : 
C, 66-4; H, 9-3. C,,H,,OBr requires C, 66-5; H, 9-4%). 

o-Chlorophenyl n-propyl ether distils as a colourless liquid, b. p. 119°/26 mm. (Found: C, 
63-4; H, 6-4. C,H,,OCl requires C, 63-4; H, 6-5%), and the isopropyl ether as a colourless 
liquid, b. p. 93°/12 mm. (Found : C, 63-4;H, 6-7%). This ether behaves anomalously in that it 
gives an unexpectedly low velocity coefficient. The anomaly can hardly be due to impurity 
since two specimens, prepared at different times from different starting materials, gave the 
following mean values for k: (i) 16-18, (ii) 16-14. 

o-Chlorophenyl n-butyl ether, b. p. 117°/13 mm. (Found: C, 65-0; H, 6-7. C,,H,,OCI 
requires C, 65-0; H, 7-1%), and the n-amyl ether, b. p. 117°/13 mm. (Found: C, 66-5; H, 7-6. 
C,,H,,OCI requires C, 66-5; H, 7-6%), were colourless liquids. 

For the preparation of the w-phenylalkoxybenzoic acids in good yield, it is unnecessary to 
convert the parent hydroxy-acid into the ester and hydrolyse this, since alkylation of the 
hydroxy-group is much more rapid than esterification. The general method adopted is to 
reflux (2—4 hours) 1 mol. of the parent acid in 2 mols. of aqueous potassium hydroxide with 1-1 
mols. of the alkyl halide. Addition of concentrated hydrochloric acid to the cold solution pre- 
cipitates the acid. 

p-B-Phenylethoxybenzoic acid, m. p. 160° (Found: C, 74-0; H, 5-8. C,;H,,0, requires 
C, 74:3; H, 5-8%), and phenylpropoxybenzoic acid, m. p. 166° (Found: C, 74-6; H, 6-3. 
C,,H,,O, requires C, 75-0; H, 6-3%), both form colourless prisms from glacial acetic acid. 

p-Bromophenyl y-bromopropyl ether was prepared, together with a by-product (see below), 
by heating under reflux p-bromophenol in alcoholic sodium ethoxide with 50% excess tri- 
methylene dibromide. On cooling, the bulk of the by-product crystallised and was filtered off. 
The oil which separated on pouring the alcoholic solution into twice its bulk of water was 
extracted with ether, dried, and distilled. A colourless liquid, b. p. 169°/12 mm., was obtained, 
and on standing it formed a white solid, which crystallised from alcohol as colourless prisms, 
m. p. 49-5° (Found: C, 36-7; H, 3-4, C,H,,OBr, requires C, 36-76; H, 3-4%). The by-product, 


* Micro-determinations by Dr.-Ing. A. Schoeller. 
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trimethylene glycol bis-p-bromophenyl ether, crystallises from glacial acetic acid, in which it is very 
sparingly soluble at 20°, as long white needles, m. p. 143° (Found: C, 46-5; H, 3-66. 
C,;H,,0,Br, requires C, 46-8; H, 3-66%). 

p-Bromophenyl 8-bromoethyl ether, similarly prepared from p-bromophenol and ethylene 
dibromide, melts at 58° after three crystallisations from glacial acetic acid (Found: C, 34-6; 
H, 2-9. Calc.: C, 34-4; H, 2-9%). 

The o-methoxybenzoic acid used had m. p. 101° (Found: C, 63-1; H, 5-2. Calc.: C, 63-16; 
H, 5°3%). For details of the preparation and properties of the alkoxybenzoic acids, see this 
vol., p. 1874. 
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427. The Halogenation of Phenolic Ethers and Anilides. Part VI. 
Benzyl and Substituted-benzyl Ethers. 


By BryYNMOR JONES. 


In the course of a previous study (Bradfield and B. Jones, J., 1928, 1006; J., 1931, 2903) 
of the rates of chlorination of substituted phenolic ethers, a few benzyl and nitrobenzyl 
ethers were examined and the relative directive effects of the benzyloxy-groups compared. 
The results of a more comprehensive study of the influence of polar substituents in the 
benzyl radical upon the velocities of reaction are now reported. 

Results of comparative velocity determinations are given in the following tables, the 
general method being identical with that employed in the earlier work. The velocity 


TABLE I. 


Velocity coefficients for the chlorination of substances of the types 0- and p-CgH,X-OR tn 
99% acetic acid, at 20°. 
[Cl,] = 0-0075; [ether] = 0°0225; [HCI] = 0-0875. 

Group X, Group R. hk Group X. Group R. 
CH, 0°444 p-Cl o-NO,'C,H,°CH, 
CH;Ph 0-314 ?-Br . CH 
p-C,H,F-C 0-262 CH,Ph 
p-C,H,Cl-CH, 0-200 -C,H,Cl-CH 
p-CoHBr CH, 0-203* -C,H,Me-CH 
-C,H,Me-CH, 0-441 p-NO,-C,H,°CH, 
m-C .H,F-CH, 0- 1 57 ” m-NOyCeHy H, 
m-C,H,Cl-CH, 0153 CH, 
m-C,H,Br-CH, 0-159 CH,Ph 
m-C,H. Me:-CH, 0°475 p-C,H,F* CH, 
o-C,H,F-CH 0-160 -C,H,Cl-CH 
oeticrcH 0-152 -C.H,Br-CH, 
o-C,H,Me-CH, 0465 p-CoH.Me-CH, 
em f me 

0837 p-Cy 

-C,H,F-CH 0-674 -Ce HCH, 
p-CoHACHCH, 0-489 -C,H,BrCH, 
p- -C,.H,Br-C. 0°483 p-C,H,Me-CH 
?- CH Me-CH, 1-153 p-NO,-C,H,-CH, 
p-NO,: C,H,°CH, 0°174 ” o-NO,-C,H,-CH, 
m-C,H,F-CH 0394 CH 
m-C,H,Cl-CH, 0372 p-Cy (HyCI-CH 
m-C,H,Br-CH, 0:377 p-NO,C,H,-CH, 
m-NO,-C,H,-CH, 0°195 PNG cH, 
o-C,H,Cl-CH, 0-346 o-NO,C,H,-CH, 

© [Ether] = 0-075. 


[Cl,] = 0°0075; [ether] = 0-0150; [HCI] = 0-0375. 
CH, 0°458 ~-CO,H p-C,H, E-CH, 
p-C +H,Cl’CH, 0°208 ” p-C,H,CI-C 
oH, 
CH, 3-60 “ p-C,H,Me-C 
CH,Ph 2°72 
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. TABLE II. 
Relative directive powers of the groups CgH,A°CH,°O in compounds of the types 
CoHACHyOKX and C,H,A°CH,°O . Values of 100kg*/kI*. 





CH,. A=H. p-CH,. p-F. p-Cl. p-Br. p-NO,. m-CHy. m-F. . m-Br. m-NO,. 0-CHy. 0-F. 

X=p-CO,H 100 70 59 45 44 — oo = Me 

p-Cl 100 67 55 6400 «(389)s«d14-2 31 159 — 

?-Br 100 68 — @ — MI — 160 a 
0-CO,H 100 77 64 53 53 — _ 

o-Cl 100 — 56 42 42 14-4 cde! 

o-Br 100 — — @ — 198 — 


16°2 _— 


TABLE III. 


Relative directive effects of the groups CO,H, Cl, Br in compounds of the types o- and p- 
CgH,X°OR. Values of 100k<* /kpSon- 
p-CO,H. o-CO,H.* p-Cl. o-Cl. p-Br. o-Br. 
100 784 276 1000 283 
100 860 266 oo 270 
100 841 262 953 266 
100 837 257 948 _— 
100 914 245 931 261 
100 —_ 250 ome a 
100 — 243 — — 
100 —— 238 — 


Examination of iodobenzyl ethers was not possible owing to the formation of iododichlorides. 
* See discussion (below). 


coefficients are again slightly altered by a change in the relative concentrations of ether and 
chlorine, but with one exception standard conditions have been employed throughout, so 
the results are strictly comparable. Owing to the low solubility of p-(p’-bromobenzyloxy)- 
benzoic acid in 99% acetic acid at 20°, the molecular proportion of ether to chlorine was 
1: 1, and not 3: 1 as in all other cases. 

For purposes of comparison, the relative directive effects of the OR groups, as measured 
by ratios of velocities, are again referred to the methyl ether as 100 and given in Table II; 
Table III contains the relative effects of CO,H, Cl, and Br as f- and o-substituents. 

Discussion of Results—As in the cases discussed in the preceding papers, the relative 
effects of the groups OR and X are independent, both contributing additively to the energy 
of activation of chlorination. 

The examination of o-substituted-phenyl ethers involves a departure from the type of 
ether mainly studied hitherto in that two positions (4 and 6) in the phenyl nucleus are 
substituted. Consequently, it is of particular importance that the relationships obtaining 
in the p-series are found also with ethers of o-chloro- and o-bromo-phenol (cf. Part V). 
Minor anomalies are observed, however, in the ethers of salicylic acid, all the substituent 
groups R so far examined giving higher directive powers than those usually found. The 
values obtained from velocity coefficients at two different concentrations are compared 
in Table IV with the mean values for the other series. 


TABLE IV, 
Relative directive powers of the groups CgH,A-CH,"O. Values of 100k9"/k2™*. 
Ethers of o-RO-C,H,°CO,H. 
C,H,A-CH,. 
Mol. proptn. ether : Cl,. . A=H. p-F. p-Cl. p-Br. p-CHy. 
3:1 78 63 53 53 107 


S23 76 64 54 — 108 
Other phenyl] ethers (mean) 68 57 42 42 95 
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The divergence between the ethers of salicylic acid and other pheny] ethers is exhibited in 
another way in Table V, where the effects of moving the CO,H, Cl, and Br groups from the 
p- to the o-position are compared for the different OR groups. 


TABLE V. 
C,H,A-CH,. 
R= CH;. A=H. p-F. p-Cl. -Br. p-CH,. p-NO,. m-NO,. 
Values of 100280, /h2S0,H 784 860 837 914 “ns 841 ne wtne 
» - 100k2B, AOR, 362 _ 368 380 383 364 369 =e 
» lOOKE/kO Se 435 as —e 414 _ — 424 440 





It is clear that in the acid series the variations in the ratios for the different groups are 
2—3 times as great as in the chloro- and the bromo-series. 

It is noteworthy, however, that, compared with one another, the relative effects of the 
various benzyl groups are similar to the mean values, and, referred to the benzyl ether as 
100, the values for the ethers of salicylic acid fall more nearly into line (see Table VI). 
Nevertheless, the anomaly of the methyl ether remains. 


TABLE VI. 


Relative directive powers of the groups CgH,A*CH,*O* in compounds of the types 
CoH A'CHOC YX and CHACHYOC > . Values of 100kQ"/kQ™™. 


para. 


r’ 





c 


F —. * F. Br. 


47 


45 


81 58 


83 69 
83 62 


meta 
a CH, Cl Cl 
83 63 151 50 £49 50 48 
‘4 —- 45 41 


The possibility that this anomaly results from such causes as molecular association or 
co-ordination must not be overlooked, especially since reaction velocity in solution is often 
notoriously susceptible to environmental influences. Sidgwick and his collaborators have 
shown that the co-ordination prevalent in o-substituted phenols of the type C,H,X-OH 
(where X = NO,, CHO, CO,Me) vanishes in the methyl ethers. Nevertheless, a second- 
order effect may be possible in the free acids (Sidgwick and Callow, J., 1924, 125, 527; 
Sidgwick and Bayliss, J., 1930, 2027). 

Although the quantitative aspect of these results has hitherto been considered only 
in relation to the kinetic activation theory of reaction velocity, yet their bearing on 
current electronic theories of reaction, particularly as these concern the halogens, is not 
without interest. 

The velocity coefficients for the chlorination of the series of p-substituted-benzyl ethers 
fall into the expected order, the reactivities of the halogenobenzy] ethers being intermediate 
between those of the nitro- and the methyl-benzyl ethers. The general polar series CH,> 
H> Halogens> NO, is thus again observed. As anticipated, this order obtains also in the 
o- and the m-series, but, whilst the order of the different groups is that expected from a 
consideration of their well-known inductive and electromeric effects, the order of the halo- 
gens among themselves is not that of their inductive effects. The relative directive powers 
of the ~- and m-halogenobenzyloxy-groups and the corresponding ~/m ratios are given 
below : 

Br. 


42 
34 
1-24 
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The uniformity of the directive effects of the m-halogenobenzyloxy-groups and the consis- 
tently greater reactivity of the p-fluoro- than of the p-chloro- and p-bromo-benzyl] ethers 
in the different series of ethers is clear from the velocity ratios in Tables II and VI. 

In substitution reactions of the type now under discussion, the electron-attracting 
inductive effect of the halogens retards substitution, while the electron-repelling electro- 
meric effect favours it (cf. Robinson, J., 1933, 1114). In the present series the main 
influence is undoubtedly the inductive effect, since the velocity coefficients for all the 
halogenobenzyl ethers are appreciably lower than those of the parent benzyl ethers, but if 
the inductive effects are in the order F>Cl>Br>I, as commonly accepted, or approxim- 
ately equal, as shown by the values for the m-substituted ethers, then, to account for the 
directive powers of the three #-halogenobenzyloxy-groups now being considered, an 
electron-repelling effect, transmitted no doubt as an inductive effect decreasing from 
fluorine to bromine, is clearly essential. An inductive effect in the order F>Cl>Br>I, 
and an electromeric effect as originally suggested in the order I>Br>Cl>F, should result 
in the p-fluorobenzyl ether having a lower reactivity than the bromobenzy]l ether, whereas 
actual measurement shows the reverse to be the case. The figures for the #/m ratio 
(p. 1837) may be taken as a measure of the relative strengths of the mesomeric (or elec- 
tromeric) effects of the halogens, and fall from fluorine to chlorine (cf. Baddeley, Bennett, 
Glasstone, and B. Jones, this vol., p. 1827). 

The lower reactivity of the m- and o-halogenobenzy] ethers is accounted for by the fact 
that in the m-position the reaction-favouring influence of the mesomeric effect is almost or 
quite inoperative, whilst in the o-position the greater influence of the inductive effect, 
resulting from the closer proximity of the halogen to the oxygen atom, outweighs any 
relayed mesomeric effect. 

The greater nuclear reactivity of p- than of m-halogenobenzyl ethers is apparent also 
from Oxford and Robinson’s values for the directive powers of the benzyloxy-groups in 
substituted benzyl ethers of guaiacol (J., 1927, 2240; Robinson, Joc. cit.). Referred to the 
methoxy-group as 100, the values for ~- and m-chlorobenzyloxy-groups are 82 and 69 
respectively, giving a p/m-ratio of 1-19, in good agreement with the value 1-27 found in the 
present series. 

In view of the fact that most of the evidence for the inversion of the order of the meso- 
meric and electromeric effects of the halogens has up to the present been obtained from 
studies of side-chain reactivity, and of the dissociation constants of halogen-substituted 
acids, phenols, and anilines, the present data relating to a substitution reaction are of 


particular significance. Although little or no scope is given in this reaction for the exercise. 


of the full electromeric potentialities of the halogens, the results, nevertheless, point defin- 
itely to a mesomeric (“‘ permanent electromeric ’’) effect falling from fluorine to bromine. 

In accordance with expectation, introduction of the nitro-group into any position de- 
creases the reactivity very considerably, the relative directive effects of the three nitro- 
benzyloxy-groups being 0: m: = 14-0: 16-0:14-1. The order m>p agrees with that 
of acid strengths of m- and #-nitrobenzoic and phenylacetic acids, where the p-acid is in 
each case the stronger (Dippy, Watson, and Williams, this vol., p. 349). Moreover, the 
existing data for side-chain reactions also show the influence of the nitroxyl group to be 
usually weaker in the m- than in the #-position. The data for o-nitroxyl, however, are 
much less definite, the order for o- and p- varying from one reaction to another (cf. Williams, 
J., 1930, 40). 

The main results of these investigations may therefore be summarised as follows: (1) 
For a wide range of new alkyl, w-substituted-alkyl, and substituted-benzyl ethers of the 
type o- and p-RO-C,H,X, the two substituent groups OR and X contribute characteristic- 
ally and additively to the energy of activation of chlorination; with ethers of salicylic 
acid, and with o-chlorophenyl isopropyl ether, minor anomalies are observed. (2) The 
constant reactivity characteristic of long-chain compounds is observed from propyl to 
heptyl, the octyl and cetyl ethers exhibiting slightly lower reactivities; as anticipated, the 
introduction of a phenyl group or a bromine atom into the ethyl and the propyl group 
produces a marked decrease in reactivity. (3) For polar groups in the benzyl radical, the 
order of reactivity for p-substituents is CH;> H>F>Cl>Br>N0O,; in the m-position the 
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halogens show almost identical effects. (4) To account for the relative reactivities of the 
halogenobenzyl ethers, a mesomeric effect in the order F>Cl>Br would appear to be 
necessary. 





Phenolic Ethers and Anilides. 





EXPERIMENTAL. 


The preceding paper and the earlier parts of this series give details of the measurements of 
the velocity coefficients of chlorination. 

The ethers were prepared by standard methods from the parent hydroxy-compound and the 
substituted benzyl chloride or bromide. The fluoro-, chloro-, and methyl-benzyl chlorides were 
prepared by direct chlorination of the corresponding toluenes at their b. p.’s, and the product in 
each case was carefully fractionated. Since with the bromotoluenes nuclear bromine is readily 
displaced by chlorine under these conditions, and a mixture of bromobenzyl chloride and chloro- 
benzyl bromide formed, the bromotoluenes were brominated at their b. p.’s, and the bromides 
used for the preparation of the ethers. In this way, freedom from the corresponding chloro- 
benzyl ether was ensured, and the bromides had the added advantage of being more reactive 
than the chlorides (cf. Bennett and B. Jones, this vol., p. 1815). 

p-Chlorophenyl Ethers.—The p-fluorobenzyl ether, prepared from ~-chlorophenol, sodium eth- 
oxide, and ~-fluorobenzy] chloride in the usual manner, and the p-chlorobenzyl ether crystallise from 
alcohol as colourless prisms, m, p. 60° (Found : * C, 65-8; H, 4-5. C,3H,,OCIF requires C, 66-0; 
H, 43%) and 81° (Found: C,61-6; H, 3-9. C,,;H, OCI, requires C, 61-65; H, 4-0%), respec- 
tively. The p-bromobenzyl ether, prepared from p-chlorophenol, sodium ethoxide, and p-bromo- 
benzyl bromide, crystallises similarly, m. p. 93° (Found: C, 52-4; H, 3-3. C,,H,,OCIBr 
requires C, 52-4; H, 3-4%); the m-isomeride, prepared analogously, crystallises similarly, 
m. p. 43° (Found ;: C, 52-5; H, 3-4%). 

The p-methylbenzyl ether crystallises well from alcohol and glacial acetic acid, being obtained 
from the former as colourless prisms, m. p. 97° (Found: C, 72-1; H, 5-5. C,,H,,OCl requires 
C, 72:3; H, 56%). The m-fluorobenzyl ether distils as a colourless liquid, b. p. 223—225°/12 
mm., and solidifies in a freezing mixture. The specimen used for the velocity measurements 
(Found : C, 65-9; H, 4-24%) was frozen twice from small volumes of (a) ligroin (b. p. 40—60°), 
(b) alcohol. 

The m- and o-chlorobenzyl ethers are colourless liquids, b. p. 222—224°/12 mm. (Found : 
C, 61-3; H, 3-9%), and 191°/12 mm. (Found: C, 61-7; H, 3-95%), respectively. 

The o-nitrobenzyl ether, prepared from o-nitrobenzyl chloride and p-chlorophenol in sodium 
ethoxide, melts at 73° after crystallisation from acetic acid and alcohol (Found: C, 58-9; H, 
3-7. C,,H,,O,NCI requires C, 59-2; H, 3-8%). 

o-Chlorophenyl Ethers.—The p-fluorobenzyl ether, first obtained as an oil, b. p. 170°/12 mm., 
solidified on long standing to a white crystalline solid, m. p. 35° (Found: C, 66-4; H, 4-3%). 
- Spores and the p-methyl-benzyl ether both crystallise from alcohol as colourless prisms, 

. 69° (Found: C, 61-67; H, 3-98%) and 76° (Found: C, 72-3; H, 5-5%), respectively; 
the fatter was first purified by distillation. 

The o-nitrobenzyl ether crystallises as pale yellow prisms, m. p. 84- 5° (Found: C, 59-1; 
H, 3-8%), from acetic acid. 

p-Bromophenyl Ethers.—The p-chlorobenzyl ether crystallised from alcohol as colourless prisms 
with straight extinction, m. p. 98° (Found: C, 52-6; H, 3-2%); and the p-methylbenzyl ether, 
crystallised once from alcohol and twice from glacial acetic acid, had m. p. 105° (Found: C, 
60-4; H, 4-6. C,,H,,OBr requires C, 60-6; H, 4-7%). 

o-Bromophenyl Ethers.—p-Chlorobenzyl ether, colourless prisms from alcohol, m. p. 69° 
(Found : C, 52-4; H, 35%); o- and m-nitrobenzyl ethers, m. p. 107° (Found: C, 50-7; H, 3-4. 
C,;H,,0,NBr requires C, 50-7; H, 3-3%) and 100° (Found: C, 50-7; H, 3-2%), respectively. 

The method employed for the preparation of the benzyloxybenzoic acids is the same as that 
for the alkoxybenzoic acids (preceding paper ; see also this vol., p. 1874). 

p-(p’-Fluorobenzyloxy)benzoic acid crystallised from glacial acetic acid, in which it is only 
sparingly soluble at room temperature, as colourless prisms, m. p. 213° (Found: C, 68-0; H, 
4-5. C,,H,,0,F requires C, 68-0;RH, 45%). The p’-chloro-acid was crystallised thrice from 
glacial acetic acid, in which it is only sparingly soluble at 20°;{m. p. 218° (Found: C, 63-7; 
H, 4-1. C,,H,,0,Cl requires C, 63-7; H, 4-2%); and the p’-bromo-acid, similarly crystallised 
(maximum solubility 0-3—0-5 g./100 c.c. at 20°), had m. p. 231° (Found: C, 54-8; H, 3-7. 
C,,H,,0,Br requires C, 54-75; H, 3-6%). 


* All micro-determinations by Dr. A. Schoeller. 
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p-(p’-Methylbenzyloxy)benzoic acid crystallises from glacial acetic acid, in which it is sparingly 
soluble, as aggregates of colourless prisms; m. p. 212° (Found: C, 74-0; H, 5-7. C,,;H,,0, 
requires C, 74:0; H, 5-8%). The m’-methyl-acid, m. p. 157° (Found: C, 73-9; H, 5-8%), is 
slightly more soluble in this solvent. 

p-(m’-Fluorobenzyloxy)benzoic acid and the m’-chloro- and m’-bromo-acids, m. p. 194° (Found : 
C, 68-2; H, 4:7%), m. p. 194° (Found: C, 63-7; H, 42%), m. p. 202° (Found: C, 54-5; H, 
3-6%) respectively, all crystallise as colourless prisms from glacial acetic acid, in which their 
solubility at room temperature is low. 

p-(0’-Fluorobenzyloxy)benzoic acid crystallises from glacial acetic acid as clusters of colourless 
prisms, sparingly soluble at 20°; m. p. 181° (Found: C, 68-1; H, 45%); the o’-chloro-acid was 
crystallised once from glacial acetic acid and twice from ethyl acetate; m. p. 189° (Found: 
C, 64-1; H, 43%). ' 

p-(0’-Methylbenzyloxy)benzoic acid, m. p. 169° (Found: C, 73:7; H, 5-8%). 

o-Benzyloxybenzoic acid. Two specimens, prepared (a) from salicylic acid, benzyl chloride, 
and sodium hydroxide, and (b) from methyl salicylate, sodium methoxide, and benzyl chloride, 
had identical m. p.’s and velocity coefficients. Method (b), which involves the hydrolysis of the 
ester, afforded the better yield; m. p. 77° (Found: C, 73-5; H, 5-2. Calc.: C, 73-7; H, 5-3%). 

o-(p’-Fluorobenzyloxy)benzoic acid, prepared by alkaline hydrolysis of the ester formed by 
refluxing methyl salicylate, sodium ethoxide, and p-fluorobenzyl chloride, is very soluble in 
glacial acetic acid, and was crystallised twice from chloroform-—ligroin (b. p. 40—60°) and once 
from a small volume of acetic acid; m. p. 87° (Found: C, 68-4; H, 3-4%). The p’-chloro- 
analogue, prepared similarly, crystallised from glacial acetic acid as white needles, m. p. 115° 
(Found: C, 63-5; H, 46%); and the p’-methyl-acid was crystallised from ligroin (b. p. 40— 
60°) and glacial acetic acid, in which it is very freely soluble; m. p. 111° (Found: C, 73-9; 
H, 5-8%). 


The author thanks Professor G. M. Bennett and Dr. A. E. Bradfield for their interest, and the 
Chemical Society for a grant. 
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428. The Mechanism of Aromatic Side-chain Reactions with Special 
Reference to the Polar Effects of Substituents. Part IV. The 
Mechanism of Quaternary Salt Formation. 


By JouHn W. BAKER and WILFRED S. NATHAN. 


CERTAIN features of the results described in Part III (this vol., p. 519) suggested the 
desirability of extending the investigation of the effect of unipolar * substituents on the 
velocity of interaction of benzyl bromides with pyridine, and this paper records data ob- 
tained for an extended series of p-alkyl substituents, and for the 2 : 4-dinitro-compound. 
The latter was included because, in dry acetone, a single p-nitro-substituent had been found 
to exert an almost negligible retarding effect upon the reaction.f The results are summar- 
ised in Table I, which should be regarded as an extension of Table IV in Part III (loc. cit.), 
the various columns having the same significance as therein. 

These additional data show that the small retarding influence of a p-nitro-substituent 
is replaced by an accelerating effect when a second nitro-group is introduced into the 2- 
position. In dry acetone the velocity of interaction of the 2 : 4-dinitrobenzyl bromide with 
pyridine is greater even than that of the ~-methyl compound. Hence, in a series of sub- 


* In these papers the term “‘ unipolar ”’ is applied to groups, the polar effect of which is solely one 
either of electron-release or of electron-attraction. The term ‘‘ ambipolar ”’ is applied to groups, e.g., the 
halogens (— J, + T), which may permit opposing polar effects, one of electron-release, the other of 
electron-attraction. 

+t The interest attaching to this point was suggested by Professor Ingold in the course of private 
discussion upon the earlier results. 
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TABLE I. 
Kinetic data for the interaction of R°C,H,°CH,Br wiih idine in dry acetone 
6t44 2 “yr y 
(c, = cp = 0-025). 
kp X 108 kp X 104 
(g.-mol./ E, Px ZxX (g.-mol./ E, ' he ame! ie, 
. Ljsec.). cals. 10% 10-41, R. Temp. I./sec.). cals. 10%. 1074, 
2-020 p-BuY 20° 1-652 
—) 12,510° 1°50 2°87 = 4 Buy 30 3357 '12,500 108 3-11 
1811 p-BuY 40 6°467 


3°517 } 12,210 0°75 3°02 2:4-Me, 6°287 
6°733 


é:500 } 12,570 1:28 3-03 


2: 4-Me, 12°48 12,200 2°61 3°02 
2:4-Me 40 24°05 

2:4-(NO,), 20 2-288 

2: 4-(NO,). 30 4°700 } 12,400 1°38 2°94 
2: 4-(NO,), 40 8-960 

* Revised values from redeterminations. The value at 20° was confirmed. 


stituent groups arranged in order of decreasing + J or increasing — I effects, a minimum 
velocity is found with the p-nitro-compound : 


2: 4-Me,>{p-Bu’< p-Pr°< p-Et< p-Me}> H>p-NO,<2 : 4-(NOg)e 


Ingold and Hughes (this vol., p. 244; with Gleave, ibid., p. 236) have already noted the 
occurrence of a minimum velocity in such a graded polar series consequent upon a change 
in reaction kinetics from a bi- to a uni-molecular reaction. The position of the 2 : 4-dinitro- 
group in the above series now illustrates a new phenomenon, viz., the occurrence of a mini- 
mum velocity in a graded polar series without change i in reaction kinetics. The interaction 
of the 2: 4-dinitrobenzyl bromide with pyridine is strictly bimolecular, the velocity co- 
efficient in dry acetone at 40° being independent of the concentration, as shown by the 
following data, which eliminate any suggestion that the velocity increase is due to catalysis 
by the highly polar dinitrobenzyl bromide (cf. Chem. and Ind., 1935, 54, 490) : 
0-05 0-025 00125 
0025 0-025 
9°07 8°96 8°91 

Data previously obtained (Part III, Joc. cit.) have shown that the relative effects of 
substituents on the velocity are dependent upon the solvent employed. Since it was 
found that the (almost negligible) retarding effect of a p-nitro-substituent in dry acetone 
is greatly increased in aqueous media, determination of the velocity of reaction of the 
2 : 4-dinitro-derivative in such media is obviously important. The data obtained for the 
reaction between 2: 4-dinitrobenzyl bromide and (i) pyridine in aqueous 90% acetone, 
(ii) pyridine in aqueous 90% alcohol, and (iii) 90°% alcohol alone (the solvent reaction) are 
given below : 

(Ca = cp = 0°025M.) 
Reaction. Temp. kp X 104. 


5-222 . 
nae jz = 14400, P = 43°54 x 10-8 


1-297 (corrected for solvent reaction, iii) 
0-0025 
The accelerating effect of the 2: 4-nitro-groups observed in dry acetone is almost 
absent in aqueous 90% acetone (k¥ x 10 = 10-47 at 40°), and becomes a retarding in- 
fluence in aqueous 90% alcohol (ke x 10* = 3-075 at 30°). If reaction (iii) is included, a 
(solvent) series is obtained in which the position of the 2 : 4-dinitro-compound gradually 
changes from that of maximum to that of minimum velocity : 


2 : 4-(NO,),.>p-alkyl> H> p-NO, : reaction with C;H;N in dry acetone 
p-alkyl>2 : 4-(NO,).>H> -NO,: __,, Ps », aq. 90% acetone 
p-alkyl>H>2 : 4-(NO,),.>p-NO,: _,, pa », aq. 90% alcohol 
p-alkyl> H> p-NO,>2:4-(NO,).: _,, », aq. 90% alcohol alone 


In the following discussion of these results, alkyl substituents are considered collectively : 
their relative effects amongst themselves constitute a separate problem (see Part V). 
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The experimental results recorded in this and previous papers lead to the following 
conclusions. (1) The reaction between benzyl halides and tertiary bases in non-aqueous 
media is strictly bimolecular * and involves a simultaneous addition and dissociation 


+ ~= 

denoted by the electron-cycle C.H,NS Ar_lBr—>C,H,NAnBr. (2) The Arrhenius 
energy of activation E is, within experimental error, unaffected by substituents and is 
closely related to the energy changes involved in the electron-cycle as a whole; it is not 
possible to separate the energy requirements of the two stages (a) and (b). (3) The velocity 
of the reaction, as affected by substituent groups in the aryl bromide, is determined mainly 
by some factor which is incorporated in the P term of the equation k, = PZe*/"?_ (4) 
Electron accession towards the side chain (+ J effect) increases the reaction velocity; 
up to a point (at p-NO,), decrease of electron-availability in the side chain decreases the 
velocity, but greater electron-recession [in 2 : 4-(NO,)9] from the side chain to the nucleus 
reverses this effect and greatly increases the velocity. 

Probably non-polar factors are also involved, but this series of investigations is con- 
cerned more especially with the polar effects of substituent groups, and under the experi- 
mental conditions employed, it is reasonable to assume that any such unknown factors have 
been maintained sensibly constant. Ultimately, these results will probably be best inter- 
preted on an energetical basis (cf. Ingold, Chem. and Ind., 1935, 54, 1008), but the present 
state of our knowledge renders such formulation difficult. For this reason the Arrhenius 
equation has been adopted as the basis of discussion, and the following mechanistic picture 
is tentatively proposed. 

Although the formation of the quaternary salt requires the completion of the electron- 
cycle denoted above, it is suggested that the tmitiation of this cycle may depend on either 
(a) the incipient anionisation of the bromine or (0) the incipient electrostriction of the tertiary 
base. The electronic structure of the aryl halide determines the probability of initiation by 
either (a) or (8). Since its electronic structure is altered by introduction of substituent 
groups into the aryl bromide, such substitution will alter the balance of probability of 
initiation of the electron-cycle by either (a) or (b). There will thus be a critical point in 
the structure of the aryl bromide at which occurs a transition from initiation (a) to (b) as the 
major probability. The introduction of uniquely electron-repelling alkyl groups into the 
unsubstituted benzyl bromide—the standard of reference—causes an increase in velocity 
which is greater the larger the number of suitably oriented alkyl substituents. Hence it 
appears that the electronic structure of the unsubstituted parent is such that initiation (a) 
is the more probable.t Introduction of alkyl groups merely increases this pre-existent 
probability. Hence the velocity of reaction is also increased by such substitution. Intro- 
duction of an electron-attracting p-nitro-group, however, so alters the electronic structure 
of the aryl bromide that the probability of this initiation is reduced—but not beyond the 
critical point—hence the reaction velocity is also reduced. Entry of a second nitro-group 
(into the 2-position) may now be assumed further to decrease the probability of this initi- 
ation beyond the critical point, the electronic structure of the 2 : 4-dinitro-compound now 
favouring initiation (b). This will be greatly facilitated by the positive character of the 
a-carbon atom, induced by the now-powerful electron-attraction originating from the two 
nitro-groups in the o- and #-positions to the side chain, and a considerably increased re- 
action velocity results. Further introduction of electron-attracting groups should, there- 
fore, continue to increase the velocity. 

Such a view of the mechanism also accommodates, at least qualitatively, the observed 
effect of the solvent upon the reaction. Increase in the ionising power of the medium 
(such as presumably occurs in partly aqueous solvents) would be expected to increase the 
tendency of the bromide towards ionisation, 7.e., to alter the position of the critical point 
further in favour of initiation (a). In such solvents, therefore, (i) the retarding effects 
of electron-attracting substituents will be greater than in dry acetone, and (ii) more powerful 
electron-attraction will be necessary in order to reduce the probability of initiation (a) 

* See p. 1844, 

Tt The ‘essential feature of this idea was contained in an earlier statement (Baker, J., 1932, 2634; 
1933, 1129), that the benzyl bromide is ‘‘ predisposed ” to react by anionisation of the halogen. 
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beyond the critical point. Thus, in aqueous acetone, the retarding effect of a p-nitro- 
substituent is enhanced, whilst the accelerating effect of the 2 : 4-nitro-groups has almost 
vanished. In aqueous alcohol the position of the critical point is such that, even in the 
2: 4-dinitro-compound, initiation (a) is still the major probability, so that a retarding 
influence is observed in this medium. On the basis of this theory it would be anticipated 
that the effect of substituents upon velocity would be revealed mainly in the P term of the 
Arrhenius equation, a deduction in accord with experimental observations. 

Such ideas, although deduced from a detailed study of only one exchange reaction, 
are probably of general application to all such reactions. If this be admitted, it will be 
observed that a logical extension of the argument must postulate an extreme case where the 
electronic structure of the halide and the ionising power of the medium are such that the 
probability of initiation (a) is overwhelmingly large. The reaction may then become of 
the unimolecular type, Ar-Br—>Ar* + Br’ (Baker, J., 1933, 1130), postulated and experi- 
mentally verified by Hughes (this vol., p. 255).* 


EXPERIMENTAL.T 


Preparation of Materials.—2: 4-Dinitrobenzyl bromide. Attempted nitration of p-nitro- 
benzyl bromide with a mixture of nitric (d 1-45) and concentrated sulphuric acids was unsatis- 
factory, bromine being evolved even at low temperatures. 2 : 4-Dinitrobenzyl chloride (11 g.) 
was therefore prepared by similar nitration of p-nitrobenzyl chloride (cf. Beilstein, 4th edtn., 
V, 344) and was converted into the bromide by refluxing with an excess of sodium bromide 
(12 g.) in 100 c.c. of aqueous 90% acetone for 3 hours. After evaporation of the acetone, the 
bromide, isolated as usual by ether extraction, and crystallised from ether-ligroin (b. p. 40—60°), 
had m. p. 43-5° (Found: Br, 30-2. Calc. for C,H,O,N,Br: Br, 30-6%). Repeated crystallis- 
ation from the same solvent gave a sample of constant m. p. 46-4° (Davies and Oxford, J., 1931, 
220, give m. p. 46—47°). With pyridine it forms 2 : 4-dinitrobenzylpyridinium bromide, m. p. 
196° (decomp.), after crystallisation from dry methyl alcohol (Found : Br, 23-3. C,,H,,O,N,Br 
requires Br, 23-5%). 

p-Alkylbenzyl bromides. ‘The corresponding chlorides were usually prepared by Sommelet’s 
method (Compt. rend., 1913, 157, 1445), and were converted into the bromides by refluxing with 
an aqueous-acetone solution of sodium bromide. The following is a typical procedure. A 
solution of 43-4 g. of ethylbenzene (sodium-dried) and 32-2 g. of chloromethyl methyl ether in 
2—3 vols. of carbon tetrachloride was cooled to — 10°, and 25-8 g. of anhydrous stannic chloride 
were added dropwise with rapid mechanical stirring, the temperature being maintained at — 10°. 
After addition was complete, stirring was continued for 1 hour, the mixture was decomposed 
with ice, and steam-distilled. The distillate was extracted with the distilled carbon tetra- 
chloride, the aqueous liquor again extracted with ether, and the combined extracts dried with 
calcium chloride. Fractional distillation of the residue after removal of the solvents gave 21 g. 
of the chloride, b. p. 100—104°/9mm. This was refluxed with 50 g. of sodium bromide in about 
50 c.c. of aqueous 90% acetone for 18 hours, the product isolated in the usual manner, and again 
refluxed with sodium bromide. Complete purification of the alkylbenzyl bromides by distillation 
alone is difficult. Repeated fractionation, using a Claisen flask with a column and a carefully 
controlled bath, gave a fraction of b. p. 83—85°/0-8mm. This crystallised in a freezing mixture 
and was drained on porous porcelain below 0° ; the molten solid was then dried in a vacuum over 
calcium chloride. Redistillation of the dried material gave pure p-ethylbenzyl bromide, b. p. 
84°/0-8 mm., m. p. 14-5—-15-2° (Found : Br, 40-3. C,H,,Br requires Br, 402%). 


* The suggestion (Bodendorf and Béhme, Amnalen, 1935, 516, 1) that an intermediate, ‘‘ heteropolar”’ 


+=- 
form RCI may intervene in the ionic dissociation of an alkyl halide, expresses the connexion between the 
true bimolecular reaction which we have observed and the unimolecular reaction observed by Hughes 
(loc. cit.). Thus, as the electron-release capacity of the group R is continually increased, the true 


+= 

bimolecular reaction RCl + C,H,N ——> products is replaced by the reaction sequence RCI ng RCL 
+— - 

and RCI + C,H,N —“"5 products, and finally by the unimolecular reaction RC1L—>R + Cl, followed 


+ 
by R + CsH,N ‘ instantaneous ? RNC,H,. In the series of substituted benzyl halides investigated, these 
three stages may be exemplified by the ~-NO,, 2:4-Me,, and ~-OMe (Baker, Joc. cit.) derivatives 


respectively. 
} This section includes also the experimental data of Part V (following paper). 
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p-isoPropylbenzyl bromide, similarly prepared through the chloride, b. p. 108—109°/14 mm., 
from isopropylbenzene, could not be induced to crystallise, but repeated fractionation afforded 
a liquid, b. p. 75°/0-4 mm., which still contained a small trace of hydrocarbon impurity (Found : 
Br, 36-2. C,,H,,Br requires Br, 37-5%). 

p-tert.-Butylbenzyl bromide was prepared by direct bromination of p-iert.-butyltoluene 
obtained by Verley’s method (Bull. Soc. chim., 1898, 19, 67). Repeated fractionation and crys- 
tallisation as above gave the bromide, b. p. 99°/0-3 mm., m. p. 15:1° (Found: Br, 35:3. 
C,,H,,Br requires Br, 35-7%). ; 

2 : 4-Dimethylbenzyl bromide was prepared from the chloride (Sommelet, loc. cit.) by reaction 
with sodium bromide. Repeated fractional distillation and crystallisation gave the pure 
bromide, b. p. 79°/1-2 mm., m. p. 15° (Found: Br, 40-0. C,H,,Br requires Br, 40°2%). It 
does not keep well, and this sample was used for the velocity determinations immediately after 
the final distillation. 

Velocity Determinations.—The technique was essentially that described in Part III (loc. cit.), 
except that it was developed on the micro-scale, all quantities previously used being reduced to 
one-tenth of their earlier values. For instance, 10 c.c. of a N/20-solution of pyridine in dry 
acetone were mixed at the temperature of the thermostat with 10 c.c. of a similar solution 
of the aryl bromide, 2-c.c. samples were withdrawn, the aryl bromide removed, and the 
bromide ion determined by addition of 1 c.c. of N/20-silver nitrate, the excess of which was 
titrated with N/20-ammonium thiocyanate from a 2-c.c. microburette, graduated in 0-01 c.c. 
All apparatus was carefully calibrated against N.P.L. standards. Calibration of the pipettes 
used for making up the acetone solutions and removal of samples was carried out using this 
solvent, since, on the micro-scale, the volume delivered is slightly different for aqueous and for 
acetone solutions. A carefully standardised technique was employed throughout. The accur- 
acy of the method was established in two ways. (1) Redeterminations of velocity constants 
already determined by the earlier method were consistent: e.g., p-Me*C,H,°CH,Br at 20°, ky x 
10* = 2-02 (previous value 2-02); 2: 4-(NO,),C,H,-CH,Br at 40°, &, x 10‘ = 8-82 (former 
value, 8-96). (2) When values of */(a — *) obtained in simultaneous determinations by both 
methods were plotted against time, all the points fell on the same straight line. The main 
advantage of the new method is the economy in pure acetone, the large-scale preparation of which 
(Part III) is expensive and tedious. 

In Part III it was noted that a slight upward drift in the bimolecular velocity coefficient 
sometimes occurred towards the end of the reaction. This was traced to two main causes: 
(1) the small reaction between the acetone and the aryl bromide and (2) loss of small amounts 
of acetone (resulting in a slight increase in the concentration of the solution) condensed upon the 
stopper of the reaction flask when it was removed to take the samples. Both faults have been 
eliminated, the former by still further purification of the acetone, and the latter by use of special 
reaction tubes so constructed that the stopper could be completely immersed in the thermostat. 
With such improvements in technique, the bimolecular velocity coefficient remained constant 
over the whole reaction range. 
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429. The Mechanism of Aromatic Side-chain Reactions with Special 
Reference to the Polar Effects of Substituents. Part V. The 
Polar Effects of Alkyl Groups. 

By Joun W. BAKER and WILFRED S. NATHAN. 


In Part IV (preceding paper) the data for the velocity of interaction of various alkyl- 
substituted benzyl bromides with pyridine in dry acetone showed (i) that all alkyl substitu- 
ents increased the velocity of reaction, and (ii) that, with a single p-alkyl substituent, 
the velocity decreased in the order Me > Et > Pr? > Bu”. The first of these observations 
clearly indicates that the accelerating effects of alkyl groups must be related to their 
capacity for electron-release, which will increase the ease of anionisation of the bromine 
atom. The second suggests that the relative magnitude of such electron-release increases 
in the order CMe, < CHMe, < CH,Me < CH3. This order is exactly the reverse of that 
anticipated on the basis of the general inductive effects (+ J) of alkyl groups. It seems, 
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therefore, that the methyl group must permit additional electron-release by some mechanism 
which either cannot function or is greatly diminished in the higher alkyl groups. 
An anomaly of this kind is not observed in every type of system containing alkyl 


groups; ¢.g., the order of anionic stability of alkoxide ions, OMe > OEt > OPr® > OBu” 
(Ingold and Shoppee, J., 1929, 447; 1930, 968), is in agreement with the generally accepted 
order of increasing + J effects, Me << Et < Pr? < Bu”. The additional mechanism of 
electron-release by the methyl group in p-methylbenzyl bromide seems, therefore, to be 
associated with the presence of the attached conjugated system of the aromatic nucleus. 
It is tentatively suggested that, when the methyl group is attached to a conjugated system, 
the duplet of electrons forming the C—H bond in this group are appreciably less ‘‘ localised ”’ 
than are those in a similarly placed C-C bond. This means that a methyl group, attached 
to the necessary system, is capable of permitting electron-release by a mechanism which, 


Se a 
in essentials, is a type of tautomeric effect, H—CH,~cC—c~cic~.* 

Two aspects of this hypothesis require emphasis: (1) the suggested new mechanism 
of electron-release is assumed to function in addition to the generally accepted inductive 
(+ I) effect of alkyl groups; (2) the presence of the necessary system is imperative for the 
operation of the new mechanism. 

In p-methylbenzyl bromide the methyl group would be able, by the new mechanism, 
to permit additional electron-release at the C—Br bond, thus further facilitating the anion- 
isation of the bromine (I). In #-¢ert.-butylbenzyl bromide (III), although the inductive 
effect of Bu’ is greater than that of Me, the new type of electron-release is no longer possible, 
since the new methyl groups do not form part of the necessary conjugated system owing to 
the intercalation of the tertiary carbon atom. Complete ignorance of the quantitative 
laws governing such effects makes it impossible to predict the relative importance of the 
inductive and of tha new electron-release mechanism in the cases of ethyl and isopropyl 
substituents (II), where both types are theoretically possible. The experimental data, 
however, prove that, given the necessary system, the relative magnitude of total electron- 
release (inductive plus the new type) decreases in the order Me > Et-> Pr8 > Bu’. 
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We include in the necessary type of conjugated system those systems where 
electron-duplet displacements of the type involved in the tautomeric effect are 
/ a iy 

rendered possible by fission of a group with its bond electrons, e.g., H—CH,—CH,—X, 


/ ™~ fo i™ {rey Fed) 
H—CH,—CH—CH—CH,—X, H—CH,—CH,—X. 

In cases where the completion of the system would require the separation, as a negative 
ion, of an atom or group (e.g., hydrogen) which normally ionises as a positive ion, we con- 
sider that the new effect would not function, or, at least, would be too weak to be significant 
in comparison with the normal inductive effect of the alkyl group. The Hofmann rule 
on the preferential elimination of ethylene in the thermal decomposition of quaternary 
ammonium hydroxides (Hanhart and Ingold, J., 1927, 997, and subsequent papers) 
furnishes a good example of both permitted and non-permitted types of system : 


vo 
pea Bt) * x » 
a 
(A.) | (B.) 


* The original suggestion that such a polar effect is present was due to W.S.N. 
For clarity, electron displacements arising from the operation of ordinary inductive effects are 
denoted by full arrows, and those arising from the new electron-release mechanism, by dotted arrows. 
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The new mechanism of electron-release would function in (A) (leading to the elimination 
of ethylene) since the necessary system is completed by the separation of N with its bond 


electrons. In (B) (Pr and higher alkyl groups) conjugation with the N is prevented by 
intercalation of C,, and cannot be completed at Cg because it would require the separation 
of hydrogen as a ‘negative ion, and not as a positive ion as required by olefin formation. 
Hence the new mechanism would be ineffective in retarding cationisation of the 
8-hydrogen atom, which wili be influenced solely by the normal inductive effect of the 
alkyl group attached to Cg; so ethylene is always eliminated in preference to higher 
alkylenes. 

Since the reaction studied in this paper is one which is facilitated by electron-accession 
towards the side chain, the data obtained give no information as to whether such tautomeric 
electron-release is of an electromeric or a mesomeric (permanent) type. In Part VI 
(following paper), results are described which show that the new mechanism of electron- 
release is able to retard a reaction which is facilitated by electron-recession from the 
side chain to the aromatic nucleus. It must, therefore, be of a mesomeric type, arising, 


presumably, from a higher degree of degeneracy in the system H—CH —c=c—-c=c— 
than obtains in the absence of the necessary hydrogen atom. 

The postulated new mechanism of electron-release by methyl groups affords a consistent 
explanation of many hitherto obscure points in organic chemistry. 

Substitution in p-alkyltoluenes by electrophilic reagents is known to occur mainly 
in the 2-position; ¢.g., p-tert.-butyltoluene affords mainly the 2-nitro-derivative (Battegay 
and Haeffely, Bull. Soc. chim., 1924, 35, 381; cf. Le Févre, Le Févre, and Robertson, this 
vol., p. 480), and the case of p-cymene has been quantitatively studied by Le Févre and 
his collaborators, who have shown that nitration (J., 1933, 980), sulphonation (J., 1934, 
1501), and halogenation (loc. cit.; Ganguly and Le Févre, ibid., p. 1697) effect mono- 
substitution almost exclusively in the 2-position. A similar deduction would appear to 
be valid for p-ethyltoluene (Brady and Day, ibid., p. 114). Le Févre has already pointed 
out that this greater o-orienting power of methyl is contrary to deductions based on the 
generally accepted order of inductive effects of alkyl groups, and has suggested an explan- 
ation of the anomaly on the basis of the volume effects of such groups. Such a steric 
factor, although possibly not without significance in substitution of p-alkyltoluenes, can 
scarcely be valid in the case of quaternary salt formation between /-alkylbenzyl 
bromides and pyridine. We suggest that the greater electron-release capacity of methyl, 
due to its mesomeric effect, provides an equally feasible and generally applicable 
explanation. 

The new ideas also provide a satisfactory explanation of the observed lack of reactivity 
of the isobutyl compound in all reactions of alkyl halides which necessitate the anionisation 
of the halogen. Examples are to be found, inter alia, in the interaction of alkyl iodides 
with triethylamine in acetone solution (Menschutkin, Z. physikal. Chem., 1890, 5, 589), 
with sodium phenoxide in alcohol (Segaller, J., 1913, 103, 1154, 1421), and of alkyl bromides 
with potassium ethoxide (Lengfeld, Amer. Chem. J., 1889, 11, 40). A recent example is 
reported by Bennett and Reynolds (this vol., p. 131), who found that the relative velocity 
of interaction of sec.-butyl alcohol with hydrobromic acid is 0-97 (velocity of MeOH = 1), 
whereas isobutyl alcohol is very unreactive (0-02). Such lack of reactivity in the isobutyl 
compound cannot be understood on the basis of ordinary inductive effects since this would 
require a more marked effect of the same kind in sec.-butyl derivatives. It is clear, however, 
that, whereas the system necessary for the operation of the new type of electron-release 


is present in respect of three hydrogen atomsin the sec.-butyl compound H—CH, HES x, 
it is much less available in the isobutyl derivative H—CH = —CHMe—CH, r+, The 
larger dipole moment of sec.-butyl chloride (2-12D) than ‘of the tso- (1-97D) and 
the m- (1-95D) compound (Parts, Z. phystkal. Chem., 1930, 7, B, 327) supports this 
conclusion. 

The same idea also provides a consistent explanation of the ionisation of hydrogen 
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from methyl and methylene groups in Wagner—Meerwein changes of the type 
R 


ZN INN 
H—CH,—C—C—Y (cf. Baker, “‘ Tautomerism,” p. 299 e seg., for collected examples), 
/ 


a phenomenon Which has hitherto received no satisfactory explanation. 

The importance of a mesomeric type of electron-release by a methyl group upon the ease 
of olefin formation from aliphatic alcohols and halides, upon the electron-availability at the 
various positions in toluene (Ingold, Lapworth, Rothstein, and Ward, J., 1931, 1959) and 
alkyltoluenes, and similar problems is obvious, and it is hoped to investigate such aspects 
quantitatively in order to confirm the reality of this postulated polar effect. 
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430. The Mechanism of Aromatic Side-chain Reactions with Special 
Reference to the Polar Effects of Substituents. Part VI. The Effects 
of p-Alkyl Substituents on Prototropy in the Methyleneazomethine 
System. 

By Joun W. BAKER, WILFRED S. NATHAN, and CHARLES W. SHOPPEE. 


In Part V (preceding paper) evidence was adduced for the operation of a new type of 
electron-release by methyl groups in facilitating reactions which require electron-avail- 
ability at the point of attack. In order to determine whether this electron-release is of 
an electromeric or a mesomeric type, it is necessary to ascertain whether it is able to retard 
side-chain reactions of the opposite type, #.e., those facilitated by electron-recession from 
the point of attack. If the postulated tautomeric effect of the methyl group is of the 
electromeric type it should not be called into play in such cases, and the relative retarding 
effects of methyl and of higher alkyl substituents should then be strictly in accordance 
with their (permanent) general inductive (+ J) effects, i.e., retardation by higher alkyl 
groups should be greater than that by the methyl group. If, on the other hand, the effect 
is of a permanent (mesomeric) character, it should be operative in retarding such reactions, 
provided, of course, that the necessary system be present. Since such an electron-release 
mechanism appears to be negligible in or absent from higher alkyl groups (cf. Part V) it 
would then follow, ceterius paribus, that the effects of alkyl substituents might be in the 
reverse order, i.e., retardation by methyl should exceed that by higher alkyl groups. 
In short, for such so-called ‘“‘ Type B ”’ reactions we have, possibly, 


Me, (+ I)-effect only, velocity order H > Me > Pr* > Bu’; 
Me, (+ J + M)-effects, velocity order H > Bu” > Pr® > Me. 


The effect of alkyl substituents upon such reactions therefore constitutes a crucial test of 
the permanency or otherwise of the postulated new mechanism of electron-release. 

This paper records the results of the application of such a test. The reaction chosen 
was the prototropic change in the azomethine system #-C,H,R*CH:N-CH,Ph — 
p-CgH,R°CH,"N:CHPh. It has been shown (Shoppee, J., 1933, 1117) that, over a wide 
range of substituents, this reaction is facilitated by electron-withdrawal from the triad 
system. It therefore constitutes a specially suitable system in which to study the relative 
retarding effects of alkyl substituents upon the velocity. 

The data are given in Table I, which includes for comparison the results previously 
obtained (Shoppee, J., 1931, 1225) for a p-methyl substituent under identical experimental 
conditions. The mobility of the system (k, + k,) decreases in the order Bu” > p-Pr® > p- 
Me, 7.¢., the retarding effect of a p-methyl group is much greater than that of higher alkyl 
groups. Hence, in accordance with the argument developed above, the new electron- 
release mechanism of the methyl group must be capable of retarding this reaction, and must 
therefore be of a mesomeric (permanent) type. This means that the mesomeric electron- 
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TABLE I. 
Mobility and Equilibria in the System 


ky 
(L.) p-C§H,\R-CH:N-CH,Ph = p-C,H,R-CH,N:CHPh (IL) 

r Me. Prf, Bu’. 

0°322 0°47 0°60 

1-22 0-78 0°66 

45°0 56°0 60°0 
release by the methyl group is largely responsible for the dipole moment of toluene. Since 
the mobility of the prototropic system is determined by conditions governing the ease 
of ionisation of the mobile hydrogen atom at C,, the negative charge in the #-tolyl sub- 
stituent will therefore inhibit reaction (see III). Because such mesomeric electron- 


pera it 
P = a, © ~ 
(ur) H—CH,—< S—CH-N:CHPh 


=—* ja 
release has been shown to decrease in the order methyl > higher alkyl groups, such power 
of inhibition will also diminish in the same order. Hence retardation by a #-tert.-butyl 
substituent will be less than that produced by a p-methyl group. 


EXPERIMENTAL. 


Preparation of Materials.—p-tert.-Butylbenzaldehyde was prepared by oxidation of the corre- 
sponding benzyl bromide (10 g.) with boiling copper nitrate solution (6 g. in 100 c.c. of water) 
for 24 hours. Carbon dioxide was slowly bubbled into the reaction mixture to prevent further 
oxidation of the aldehyde. The product was extracted with ether, the extract dried, and the 
residue shaken with a saturated solution of sodium bisulphite. After several days the bisulphite 
derivative (6 g.) was filtered off, washed with a little alcohol and ether, and then decomposed 


by steam-distillation with 100 c.c. of dilute sulphuric acid. The distillate was extracted with 
ether, the extract washed first with dilute sodium bicarbonate solution and then with water, 
and dried over sodium sulphate. After evaporation of the ether, fractional distillation gave the 
aldehyde, b. p. 130°/25 mm. (3 g.). It was characterised as its p-nitrophenylhydrazone, m. p. 
214°, after crystallisation from 96% alcohol (Found: C, 68-6; H, 6-3. C,,H,,O,N, requires 
C, 68-7; H, 6-4%). Oxidation (copper nitrate without a carbon dioxide stream) gave p-tert.- 
butylbenzoic acid, m. p. 164—165° (Verley, Bull. Soc. chim., 1898, 19, 71, gives m. p. 164°). 

Similar oxidation of p-isopropylbenzyl chloride afforded p-isopropylbenzaldehyde, b. p. 
73°/0-5 mm. Its p-nitrophenylhydrazone, crystallised from 96% alcohol, has m. p. 190° (Found : 
C, 67-4; H, 5-9. C,,H,,0O,N, requires C, 67-6; H, 61%). 

p-tert.-Butylbenzylamine. 30 G. of p-tert.-butylbenzyl bromide (Part IV) were heated with 
24 g. of potassium phthalimide at 180° for 2—3 hours. The cooled product was extracted twice 
with boiling glacial acetic acid, and potassium bromide removed by filtration. The cold 
acetic acid solution deposited 8 g. of crystalline phthalimide (m. p. 230—231°. Found: C, 
65-35; H, 3-5. Calc. for CSH,O,N: C, 65-3; H, 3-4%); the mother-liquor was evaporated 
at 100°, the residue dissolved in ether, and a further quantity of phthalimide separated by filtra- 
tion. The residue (27 g.), after evaporation of the ether, crystallised when rubbed with ligroin 
(b. p. 40—60°) and was recrystallised from this solvent; the phthalo-p-tert.-butylbenzylimide, 
m. p. 103° (Found : C, 77-7; H, 6-7. Cy ygH,,0O,N requires C, 77-75; H, 655%), was converted 
by hydrazine hydrate in alcohol (Ing and Manske, J., 1926, 2348) into p-tert.-butylbenzylamine, 
b. p. 124°/16 mm. (Found : C, 81-2; H, 10-3. C,,H,,N requires C, 81-0; H, 10-4%), the hydro- 
chloride of which, when warmed with potassium cyanate, afforded the carbamido-derivative, 
m. p. 137°, after recrystallisation first from water and then from ether (Found: N, 13-7. 
C,,H,,ON, requires N, 13-6%). The picrate had m. p. 220° (decomp.) after crystallisation 
from aqueous alcohol (Found: C, 52-3; H, 5-0. C,,H,,O,N, requires C, 52-0; H, 51%). 

The Schiff’s bases were prepared directly from the aldehyde and amine in the manner 
previously described (Shoppee, Joc. cit.). p-tert.-Butylbenzylamine and benzaldehyde gave 
benzylidene-p-tert.-butylbenzylamine, b. p. 155—157°/0-4 mm (Found: C, 86-3; H, 8-7. 
C,sH,,N requires C, 86-0; H, 8-5%). p-tert.-Butylbenzylidenebenzylamine, similarly prepared 
from benzylamine and p-/ert.-butylbenzaldehyde, was difficult to purify. The sample used had 
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b. p. 161°/0-5 mm. (Found: C, 85-3; H, 8-2. C,,H,,N requires C, 86-0; H, 8-5%). p-iso- 
Propylbenzylidenebenzylamine was obtained as a colourless, viscous liquid, b. p. 155°/0-56 mm. 
(Found : C, 85-7; H, 8-2. C,,;H,)N requires C, 86-0; H, 8-1%). The azomethines are colour- 
less, very viscous liquids which could not be crystallised. They tend to decompose when kept 
and were freshly distilled immediately before use in the velocity determinations. 

Determination of Mobility and Equilibrium.—The method employed was identical with that 
previously described (Shoppee, Joc. cit.). The following observations were used for the con- 
struction of the temperature-composition diagrams. Mixtures of the p-nitrophenylhydrazones 
of benzaldehyde (A) and p-tert.-butylbenzaldehyde (B) or p-isopropylbenzaldehyde (C) melted 
as follows : 


Mixtures of A and B. 
A, % 20°7 40°2 48°7 60°7 78°3 100 
M, 195°5° =178°5° 167°5° 166°25° 178°5° 490° 


11°8 193 27°4 39°3 43°1 58°7 76-0 100 
181° 175°5° —-: 168°5°—s: 160° 155°5° -159°5°—s«174°7°—s: 190° 


Interconversion.—(i) R = Buy. With 0-145N-sodium ethoxide at 82° the following data 
were obtained for the proportion of isomeride (IT) : 


Initial isomeride (I). Initial isomeride (II). 

(II), ki +k i Yield, (II), ki +h 
M. p. y* (hr.-1). = y * M. p. » (hr.-?). 

210° 0 -— ‘ 97 178°5 40 -— 
203 10 0-575 0 97 ~=173°5 44 0-540 
199 16 0°520 ‘ 96 171 46 0°575 
194°5 22 0°532 , — 167°5 48°5 0°651 
190°5 27 0°561 , 98 159°5 64°5 0°710 
187 31°5 0°515 . 99°5 166-25 61 0-699 
184 35 0°519 . 99 173 70 0°692 
i78°5 40 -- ; 100 180°5 82 0°710 

100 190 100 —_ 


Equilibrium : II (40%) == I (60%); &, + &, (mean) 0°60hr.-!; &,/k, = 0°66; k, = 0°24; ky = 0°36 
The equilibrium attained by using 1-45N-sodium ethoxide at 85° was also determined : — 


1 98 179° 39°5 — 2 98 177°5 (41) —_ 
2 98 179°5* 40 _ 1 99 178-5f 40 — 
* 9-9 Mg. of this mixture + 4°5 mg. of B had m. p. 190°25°, i.e., 27°0% of A (Calc.: 27°1%). 
t 10-9 Mg. of this mixture + 6-8 mg. of B had m. p. 193°, i.e., 24°0% of A (Calc.: 240%). 


(ii) R = Pr8, 0-145N-Sodium ethoxide at 82° afforded the following results, isomeride (I) 
being used, since this was the more readily available and the main reason for the inclusion 
of this derivative in the series was to confirm its position between methyl and /ert.-butyl. 


Time Yield, (Il), ky +h, Time Yield, (II), ki +h, 
(hrs.). 57 Ep ios (hr.-*). (hrs.). %.T M. p. y 3 (hr.-). 
0 1025 =188° 0 -= 1°65 104 173°25 =. 225 0°477 
05  ~—_ (107) 181-25 11 (0-575) 20 105 169 27 0°475 
10 105 176°5 17°5 0°506 3°0 102°5 165 32°5 0°447 
To determine the equilibrium, 1°45 N-sodium ethoxide was used at 85°, 1 hour’s heating giving 103% 
yield, m. p. 154°5,* (II) = 44%. 
Equilibrium : II (44%) === 1 (56%); &, + 2, (mean) 0°47 hr.'; ky /k, = 0°78; ky = 0°21; ky = 0°26. 
* 5°7 Mg. of this mixture + 5°5 mg. of C had m. p. 174°5° (Calc. : 173°5°). 
+ Yields exceeding 100%, were sometimes encountered in the earlier investigation, and are doubtless 
explained by slight occlusion in the precipitate (cf. Joc. cit., p. 704). 


The work described in this and the two preceding papers was facilitated by grants from the 
Royal Society for chemicals (to J. W. B.) and from the Department of Scientific and Industrial 
Research (to W. S. N.), which are gratefully acknowledged. 
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431. Salt Formation of Homonuclear Naphthalene Derivatives. 
By HERBERT H. Hopcson and REGINALD L. ELLIOTT. 


THE marked difference in basic character of 2- and 4-nitro-l-naphthylamine (Hodgson 
and Walker, J., 1923, 123, 1205) suggested an investigation of the influence of further 
homonuclear substitution. It has been found that, whereas the hydrohalides of 4-nitro-1- 
naphthylamine are stable in air, though readily hydrolysed by trituration with water, 
the 2-halogeno-4-nitro-l-naphthylamines only form salts with hydrogen halides in nitro- 
benzene or similar media, and atmospheric moisture, as with the salts of 2-nitro-1-naphthy]- 
amine, immediately produces hydrolysis ; 2-bromo-4-nitro-1-naphthylamine hydrobromide 
appears to be the most stable salt of the series. 

The salts of the 4-halogeno-2-nitro-l-naphthylamines are even more unstable than 
those of 2-nitro-l-naphthylamine, as would be anticipated, whereas the salts of the 3- 
halogeno-l-naphthylamines are relatively very stable and require a minimum strength of 
5°% aqueous sodium hydroxide for their decomposition. When the last-mentioned amines 
are prepared by reduction of the 3-halogeno-l-nitronaphthalenes with stannous chloride 
and aqueous-alcoholic hydrochloric acid, their hydrochlorides crystallise from the reduction 
medium and tin double salts do not separate ; whereas similar reduction of the 1-halogeno-3- 
nitronaphthalenes produces very stable tin double salts, which are hydrolysed by 2% 
aqueous sodium hydroxide. The @-naphthylamine derivatives would thus appear to be 
more basic than their «-isomerides, as is the case with the unsubstituted «- and @-naphthyl- 
amines, indicating a negative inductive (— J) effect of the unsubstituted nucleus. 

The 2-halogeno-1 : 4-naphthylenediamines form only monohydrochlorides by the stand- 
ard method, and only NN’-diacetyl or -dibenzoyl derivatives on acylation. 

2-Chloro- and 2-bromo-4-nitro-1-naphthylamine are readily acetylated by the ordinary 
acetic anhydride method, but not the 2-iodo-analogue. 4-Nitro-l-naphthylamine is 
readily mercurated (Hodgson and Elliott, J., 1934, 1705), but 4-nitroaceto-l-naphthalide 
does not react with mercuric acetate in boiling glacial acetic acid solution. 

The 4-halogeno-1 : 2-naphthylenediamines form only monohydrochlorides and are 
only monoacetylated when boiled with acetic anhydride, the 2-amino-group in each case 
being reactive. The latter fact was established by the preparation of the isomeric 4- 
halogeno-2-aminoaceto-l-naphthalides, which, when treated with acetic anhydride, 
gave the corresponding NWN’-diacetyl-1 : 2-naphthylenediamines. The 4-halogeno-2- 
aminoaceto-l-naphthalides readily formed tin double salts. On reduction with alcoholic 
stannous chloride, 4-nitro-l-naphthylamine gave 1 : 4-naphthylenediamine dihydrochloride 
and 2-nitro-l-naphthylamine gave 1 : 2-naphthylenediamine monohydrochloride, whereas 


te -- 
1 : 5- and 1 : 8-dinitronaphthalene both gave tin double salts, [C,)H,(NHs)2]SnCl,. 
The 1: 2-naphthylenediamines were much more readily oxidised than the 1 : 4-iso- 
merides, ¢.g., 4-chloro-1 : 2-naphthylenediamine was transformed by exposure to the atmo- 
sphere into 4-chloro-1 : 2-naphthaquinone within 20 minutes. 


EXPERIMENTAL. 


Preparation of the 4-Halogeno-2-naphthylamines.—2-Nitroaceto-l-naphthalide (20 g.) 
(prepared by partial hydrolysis of Lellmann and Remy’s double compound; Hodgson and 
Walker, J., 1933, 1205), dissolved in glacial acetic acid (60 c.c.), was treated at 100° with 
chlorine for 30 minutes. 4-Chloro-2-nitroaceto-1-naphthalide (11 g.) crystallised from the solution 
on cooling; recrystallised from glacial acetic acid, it formed colourless feathery clusters of 
needles, m. p. 219° (Found: Cl, 13-4. C,,H,O,N,Cl requires Cl, 13-4%). It (10 g.) was 
refluxed for 6 hours with a mixture of dilute sulphuric acid (100 c.c. of 50%) and alcohol (100 
c.c.), and 4-chloro-2-nitro-1-naphthylamine (8-4 g.) was filtered from the hot liquor, washed with 
bold water, dried, and crystallised from nitrobenzene or ethylene dichloride, forming orange 
needles, m. p. 202° (Found: Cl, 15-7. C,,H,O,N,Cl requires Cl, 15-9%). A hot solution of 
this compound (5 g.) in glacial acetic acid (50 c.c.) was chilled, and the suspension stirred into 
a solution of sodium nitrite (15 g.) in concentrated sulphuric acid (60 c.c.) below 20°; the mixture 
was poured into alcohol (150 c.c.) and heated on the water-bath until the volatile products 
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had been expelled (90 minutes). The insoluble matter was washed with cold water, and the 
residue crystallised from alcohol or 90% formic acid, giving dark brown micro-needles of 
1-chloro-3-nitronaphthalene, m. p. 127° (Found: Cl, 17-0. C,H,O,NCl requires Cl, 17-1%). 
This compound (4 g.) was intimately ground with hydrated stannous chloride (35 g.), and 
the mixture cautiously heated with concentrated hydrochloric acid (35 c.c.) and alcohol (5 c.c.) ; 
a vigorous reaction suddenly supervened with almost complete dissolution of the solids. 
4-Chloro-2-naphthylamine stannichloride crystallised from the filtered cooled solution in large, 
light brown, lustrous plates [Found: Cl, 41-0. (C,,H,NCI,HCl),SnCl, requires Cl, 412%]. 
On treatment with 2% aqueous sodium hydroxide at 50° it gave 4-chloro-2-naphthylamine, 
which crystallised from benzene or light petroleum in colourless needles, m. p. 68° (Found : 
Cl, 19°9. CyH,NCl requires Cl, 20-0%). 

4-Bromo-2-naphthylamine. In cold dry nitrobenzene, 2-nitro-l-naphthylamine (5 g. in 
60 c.c.) was treated with bromine (1 c.c. in 10 c.c.). 4-Bromo-2-nitro-l-naphthylamine hydro- 
bromide was formed, but decomposed as the reaction proceeded, giving the insoluble free base ; 
this was washed successively with nitrobenzene and benzene, and crystallised from nitrobenzene, 
forming orange-brown needles, m. p. 197° (Meldola, J., 1885, 47, 500, gives m. p. 197). 
Deamination by the standard process described above yielded 1-bromo-3-nitronaphthalene, 
which crystallised from 90% formic acid in pale yellow needles, m. p. 131° (Meldola, Joc. cit., 
gives m. p. 130—131°) (Found: Br, 31-7. Calc.: Br, 31-75%). Reduction by the above- 
described alcoholic stannous chloride method afforded buff-brown micro-needles of a stanni- 
chloride, which was recrystallised from concentrated hydrochloric acid [Found: Cl + Br, 
47-7. (CyH,NBr,HCl),SnCl, requires Cl + Br, 47-99%]; decomposition of this with 2% 
aqueous sodium hydroxide at 40° gave 4-bromo-2-naphthylamine, which crystallised from 
90% formic acid in colourless needles, m. p. 72° (Meldola, Joc. cit., gives m. p. 71-5°) (Found : 
Br, 36-0. Calc.: Br, 36-0%); the acetyl derivative crystallised from glacial acetic acid in 
colourless needles, m. p. 186-5° (Found: Br, 30-2. C,,H,,ONBr requires Br, 30-3%). 

2-Nitro-1-naphthylamine 4-Mercuriacetate——When solutions of 2-nitro-l-naphthylamine 
(10 g. in 150 c.c.) and mercuric acetate (17-5 g. in 50 c.c.) in boiling glacial acetic acid were 
mixed, the mercuriacetate was precipitated as a powder, which crystallised from glacial acetic 
acid in orange-red needles, m. p. 242° (Found: Hg, 44-7. C,,H,,O,N,Hg requires Hg, 44-9%). 
The mercurichloride formed brown needles, m. p. 289° (Found: Hg, 47-3. C,,H,O,N,ClHg 
requires Hg, 47-5%); the mercuribromide, red-brown needles, m. p. 248° (Found: Hg, 43-0. 
C,,H,O,N,BrHg requires Hg, 42-95%); the mercuri-iodide, deep scarlet needles, m. p. 237° 
(Found: Hg, 38-9. C,,H,O,N,IHg requires Hg, 39-0%); and the mercurihydroxide, scarlet 
needles, m. p. above 360° (decomp.) (Found: Hg, 49-5. C,,H,O,;N,Hg requires Hg, 49-6%). 

Treatment of the mercuriacetate in glacial acetic acid solution with chlorine and with bromine 
gave 4-chloro- and 4-bromo-2-nitro-1-naphthylamine respectively. 

4-Iodo-2-nitro-1-naphthylamine.—2-Nitro-l-naphthylamine 4-mercuriacetate (50 g.) was 
added to a solution at 90° of 10% aqueous potassium iodide (500 c.c.) containing iodine (28-5 g.), 
the suspension boiled for 5 minutes, sufficient sodium thiosulphate added to destroy the residual 
iodine, and the precipitate of 4-iodo-2-nitro-l-naphthylamine removed from the hot solution, 
washed successively with boiling aqueous potassium iodide and boiling water, dried (44 g.), 
and crystallised from alcohol or nitrobenzene; it formed long golden-brown needles, m. p. 
195-5° (Cumming and Howie, J., 1931, 3176, give m. p. 192—193°) (Found: I, 40-4. Calc. : 
I, 40.4%). Deamination by the standard process afforded 1-iodo-3-nitronaphthalene, which 
crystallised from alcohol or 90% formic acid in light orange plates, m. p. 146—147° (Cumming and 
Howie, loc. cit., describe orange-yellow needles, m. p. 147°) (Found : I, 42-4. Calc. : I, 42°5%). 
Reduction by alcoholic stannous chloride gave light brown needles of 4-iodo-2-naphthylamine 
stannichloride [Found : Cl + I, 53-3. (C,)H,NI,HCl),SnCl, requires Cl + I, 53-5%]. 4-Jodo- 
2-naphthylamine, obtained from this by means of 2% aqueous sodium hydroxide at 50°, cryst- 
allised from alcohol in brown needles, m. p. 76° (Found: I, 47-1. C,)H,NI requires I, 47-2%). 
The acetyl derivative, m. p. 201° (Found: I, 40-6. C,,H,,ONI requires I, 40-8%), and the 
benzoyl derivative, m. p. 145° (Found : I, 33-9. C,,;H,,ONI requires I, 34-0%), both crystallised 
from glacial acetic acid in colourless needles. 

2-Chloro-1 : 4-naphthylenediamine and Derivatives—An intimate mixture of 2-chloro-4- 
nitro-1-naphthylamine (8 g.) and hydrated stannous chloride (64 g.) was suspended in alcohol 
(20 c.c.) and concentrated hydrochloric acid (60 c.c.), and carefully heated. After 5 minutes’ 
boiling, 25 c.c. of concentrated hydrochloric acid were added ; on cooling, 2-chloro-1 : 4-naphthyl- 
enediamine monohydrochloride separated in colourless needles, which were washed with and 
recrystallised from concentrated hydrochloric acid (Found: Cl, 30-7. CH,N,Cl,HCl requires 
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Cl, 310%). Diazotisation of this hydrochloride in dilute hydrochloric acid proceeded normally 
at first, the solution giving a coupling with $-naphthol within 1 minute, but subsequently the 
diazo-solution deposited a deep purple powder, m. p. above 360° (decomp.) (Found : Cl, 5-6%). 

2-Chloro-1 : 4-naphthylenediamine was obtained by the gradual dissolution of the hydro- 
chloride (10 g.) in water (500 c.c.) at 90°, rapid addition of 20% aqueous sodium hydroxide 
(20 c.c.), and immediate chilling with vigorous stirring, a precaution which prevented super- 
ficial oxidation of the diamine. The colourless plates were recrystallised from hot water or 5%, 
aqueous acetic acid and obtained in faintly green plates, m. p. 114° (Found: Cl, 18-4, 
C,9H,N,Cl requires Cl, 18-4%). The diamine was readily oxidised by 2% alkaline potassium 
permanganate to give 2-chloro-1 : 4-naphthaquinone, which crystallised from water or alcohol 
in yellowish needles, m. p. 117° (Cléve, Ber., 1890, 23, 955, gives m. p. 117°) (Found: Cl, 18-2, 
Calc.: Cl, 18-4%), and was volatile in steam. 

Acetylation of the diamine with acetic anhydride alone (very violent reaction) or with this 
reagent in water or 5%, 20%, 40%, or 50% aqueous acetic acid always gave 2-chloro-NN’- 
diacetyl-1 : 4-naphthylenediamine, which crystallised from glacial acetic acid in colourless needles, 
m. p. 314° (Found: Cl, 12-8. C,,H,,0,N,Cl requires Cl, 12-8%). 

2-Chloro-NN'-dibenzoyl-1 : 4-naphthylenediamine, obtained from the diamine (2 g.), benzoyl 
chloride (10 c.c.) and 20% aqueous sodium hydroxide (20 c.c.), crystallised from alcohol in 
cream needles, m. p. 255° (Found: Cl, 8-7. C,,H,,O,N,Cl requires Cl, 8-8%). 

2-Chloro-1-N-acetyl-1 : 4-naphthylenediamine. 2-Chloro-4-nitroaceto-l-naphthalide (4 g.) 
(Hodgson and Elliott, Joc. cit.), hydrated stannous chloride (40 g.), concentrated hydrochloric 
acid (30 c.c.) and alcohol (10 c.c.) gave, by the process already described, 2-chloro-1- 
N-acetyl-1 : 4-naphthylenediamine stannichloride in cream needles (Found: Cl, 35:3. 
(C,,H,,ON,Cl,HCl),SnCl, requires Cl, 35-49%]. An aqueous solution of this salt (1 g. in 30 c.c.), 
treated with 20% aqueous sodium hydroxide (3 c.c.) at 60° and chilled as rapidly as possible, 
precipitated 2-chlovo-1-N-acetyl-1 : 4-naphthylenediamine, which crystallised from water or 
50%, aqueous acetic acid in pinkish prisms, m. p. 215° (Found : Cl, 15-0. C,,H,,ON,Cl requires 
Cl, 15-1%). 

2-Bromo-1 : 4-naphthylenediamine and Derivatives—Reduction (as above) of 2-bromo-4- 
nitro-l-naphthylamine (Hodgson and Elliott, Joc. cit.) afforded almost colourless needles of 
2-bromo-1 : 4-naphthylenediamine stannichloride (Found : Cl + Br, 51-5. C,,H,N,Br,2HCl,SnCl, 
requires Cl + Br, 51-3%), which was converted by boiling concentrated hydrochloric acid 
into 2-bromo-1 : 4-naphthylenediamine monohydrochloride; this crystallised from the acid in 
colourless needles (Found: Cl + Br, 42-0. C,,H,N,Br,HCl requires Cl + Br, 42-2%). Treat- 
ment of either salt with 5% aqueous sodium hydroxide at 90°, followed by rapid cooling, afforded 
2-bromo-1 : 4-naphthylenediamine, which crystallised from hot water in greenish-yellow needles 
(slowly oxidised by air), m. p. 110° (Found: Br, 33-7. C,,H,N,Br requires Br, 33-7%). The 
diacetyl derivative crystallised from glacial acetic acid in colourless needles, m. p. 318° (Found : 
Br, 24-8. C,,H,,0,N,Br requires Br, 24-9%), and the dibenzoyl derivative from alcohol in 
needles, m. p. 259° (Found: Br, 17-9. C,,H,,O,N,Br requires Br, 18-0%). Oxidation of 
the base gave 2-bromo-1l: 4-naphthaquinone, which crystallised from alcohol in yellow 
needles, m. p. 130° (Liebermann and Schlossberg, Ber., 1899, 32, 549, 2097, give m. p. 130°) 
(Found: Br, 33-6. Calc.: Br, 33-7%). 

2-Bromo-1-N-acetyl-1 : 4-naphthylenediamine. 2-Bromo-4-nitroaceto-1-naphthalide, prepared 
by boiling a solution of 2-bromo-4-nitro-1-naphthylamine (5 g.) (Hodgson and Elliott, Joc. cit.) 
in glacial acetic acid (50 c.c.) with acetic anhydride (5 c.c.) for 3 minutes, and precipitated by 
water, crystallised from glacial acetic acid in pale green, feathery needles, m. p. 239° (Found : 
Br, 25-8. C,,H,O,N,Br requires Br, 25-9%). Its deep red solution in boiling 20% aqueous 
sodium hydroxide gave, on acidification with hydrochloric acid, 2-bromo-4-nitro-1-naphthol, 
which crystallised from alcohol in pale yellow needles, m. p. 236° (Found: Br, 29-8. 
C,)H,O,NBr requires Br, 29-8%). Reduction of the naphthalide (as above) afforded 2-bromo-1- 
N-acetyl-1 : 4-naphthylenediamine stannichloride, which crystallised from concentrated hydro- 
chloric acid in faintly pink needles [Found : Cl + Br, 41-7. (C,,H,,ON,Br,HCl),SnCl, requires 
Cl + Br, 418%]. Treatment of this with 5% aqueous sodium hydroxide gave 2-bromo-1-N- 
acetyl-1 : 4-naphthylenediamine, which crystallised from 50% aqueous acetic acid in very light 
brown needles, m. p. 217° (Found: Br, 28-6. C,,H,,ON,Br requires Br, 28-7%), rapidly 
oxidised by air. 

2-Iodo-1 : 4-naphthylenediamine and Derivatives.—Reduction (as above) of 2-iodo-4-nitro-1- 
naphthylamine (Hodgson and Elliott, loc. cit.) gave 2-iodo-1 : 4-naphthylenediamine monohydro- 
chloride, which crystallised from concentrated hydrochloric acid in colourless needles (Found : 
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Cl + I, 50-6. C,,H,N,I,HCl requires Cl + I, 50-7%) and on treatment with hot 5% aqueous 
sodium hydroxide afforded 2-iodo-1 : 4-naphthylenediamine, which crystallised from hot water 
in small, greenish-white needles, m. p. 119° (Found: I, 44-6. C,,H,N,I requires I, 44-7%), 
slowly oxidised in air. Oxidation by alkaline 2% potassium permanganate solution produced 
2-iodo-1 : 4-naphihaquinone, which crystallised from alcohol in yellow needles, m. p. 120° 
(Found: I, 44-5. C,,H,O,I requires I, 44-7%). Acetylation, as above, of the diamine always 
afforded 2-iodo-NN’-diacetyl-1 : 4-naphthylenediamine, which crystallised from glacial acetic 
acid in pinkish plates, m. p. 322° (Found: I, 34-2. C,,H,,0,N,I requires I, 34:5%). 2-Jodo- 
NN’-dibenzoyl-1 : 4-naphthylenediamine crystallised from alcohol in faintly purple needles, 
m, p. 262° (Found: I, 25-6. C,,H,,O,N,I requires I, 25-8%). 

2-Iodo-1-N-acetyl-1 : 4-naphthylenediamine. Since 2-iodo-4-nitro-l1-naphthylamine could not 
be acetylated and 4-nitroaceto-l-naphthalide could not be mercurated, the desired compound 
was prepared as follows : 4-Nitro-1-naphthylamine 2-mercuriacetate (10 g.) (Hodgson and Elliott, 
loc. cit.) was heated with acetic anhydride (60 c.c.) for 6 minutes and the chrome-yellow precipi- 
tate was removed from the cooled solution, washed successively with acetic anhydride and acetic 

acid, and crystallised from glacial acetic acid, giving mustard-yellow needles of 4-nitroaceto-1- 
naphthalide 2-mercuriacetate,.m. p. 270° (Found: Hg, 40-9. C,,H,,O;N,Hg requires Hg, 
41-1%). This mercuriacetate (10 g.) was boiled with a solution of iodine (5-7 g.) in aqueous 
potassium iodide for 5 minutes, the excess of iodine destroyed by sodium thiosulphate, and the 
2-iodo-4-nitroaceto-\1-naphthalide filtered off and crystallised from glacial acetic acid, forming 
greenish-yellow needles, m. p. 222° (Found: I, 35-5. C,,H,O,N,I requires I, 35:7%). Its 
blood-red solution in boiling 20% aqueous sodium hydroxide, on acidification with hydrochloric 
acid, gave 2-iodo-4-nitro-1-naphthol, which crystallised from alcohol in yellow-white needles, 
m. p. 229° (Found: I, 40-2. C,,H,O,NI requires I, 40-3%). 

Reduction of 2-iodo-4-nitroaceto-l-naphthalide by the stannous chloride process, gave 
2-iodo-1-N-acetyl-1 : 4-naphthylenediamine stannichloride, which crystallised from concentrated 
hydrochloric acid in cream-coloured needles [Found ; Cl + I, 47-3. (C,gH,,ON,I,HCl),SnCl, 
requires Cl + I, 47:4%]. This, on treatment with warm 5% aqueous sodium hydroxide, 
afforded 2-iodo-1-N-acetyl-1 : 4-naphthylenediamine, which crystallised from glacial acetic acid 
in colourless needles, m. p. 235° (Found : I, 38-7. C,,H,,ON,I requires I, 38-9%), 

4-Chloro-1 : 2-naphthylenediamine and Derivatives——4-Chloro-2-nitro-l-naphthylamine, re- 
duced by the stannous chloride process, gave 4-chloro-1 : 2-naphthylenediamine monohydrochloride, 
which crystallised from concentrated hydrochloric acid in very light brown plates (Found : 
Cl, 30-9. C,,H,N,Cl,HCl requires Cl, 310%). Treatment with 2% aqueous sodium hydroxide 
at 60° gave 4-chloro-1 : 2-naphthylenediamine, which formed pinkish needles, m. p. 95°, from hot 
water (Found: Cl, 18-3. C,,H,N,Cl requires Cl, 18-4%). Acetylation was effected by gently 
warming the diamine (3 g.) with acetic anhydride (10 c.c.) until reaction occurred (35—40°), 
cooling, pouring into cold water (100 c.c.), and keeping for 15 minutes; the precipitate cryst- 
allised from glacial acetic acid in brownish needles, m. p. 235° (Found: Cl, 15-0. C,,H,,ON,Cl 
requires Cl, 15-1%), of a monoacetylated derivative. On theoretical grounds the acetyl group 
should preferentially enter the 2-amino-group, and actually the product has been identified 
as 4-chloro-2-N-acetyl-1 : 2-naphthylenediamine by the following preparation of 4-chloro-1-N- 
acetyl-1 : 2-naphthylenediamine : 4-Chloro-2-nitroaceto-l-naphthalide, reduced by the stannous 
chloride process, gave 4-chloro-1-N-acetyl-1: 2-naphthylenediamine stannichloride [Found : 
Cl, 35-2. (C,,H,,ON,Cl,HCl),SnCl, requires Cl, 35-4%]. 4-Chloro-1-N-acetyl-1 ; 2-naphthyl- 
enediamine, obtained from this by means of 5% aqueous sodium hydroxide, crystallised from 
hot water in cream-coloured needles, m. p. 243° (Found : Cl, 15-0%), depressed to 224° by the 
2-N-acetyl isomeride. Boiling acetic anhydride converted 4-chloro-1-N-acetyl-1 : 2-naphthyl- 
enediamine into the diacetyl derivative [cream needles from glacial acetic acid, m. p. 174° 
(Found: Cl, 12-7, C,,H,,0,N,Cl requires Cl, 12-8%)], but had no action on the 2-N-acetyl 
isomeride. 

Air-oxidation of the 4-chloro-1 : 2-naphthylenediamine was so rapid that within 20 minutes of 
isolation it was converted into 4-chloro-1 : 2-naphthaquinone, which crystallised from alcohol 
in maroon needles, m. p. 188° (Found: Cl, 18:3. C,,H,;O,Cl requires Cl, 18-4%). 

4-Bromo-1 : 2-naphthylenediamine and Derivatives——From the solution obtained by the 
standard stannous chloride reduction of 4-bromo-2-nitro-l-naphthylamine (Hodgson and Elliott, 
loc. cit.), 4-bromo-1 : 2-naphthylenediamine monohydrochloride separated; it crystallised from 
hydrochloric acid in colourless needles (Found: Cl-+ Br, 42-0. C,,H,N,Br,HCl requires 
Cl + Br, 42-2%). 

Treatment of the hydrochloride with 5% aqueous sodium hydroxide at 90°, followed by 
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rapid cooling, yielded 4-bromo-1 : 2-naphthylenediamine, which crystallised from hot water or 
10% aqueous acetic acid in cream-coloured micro-plates, m. p. 97° (Found: Br, 33-6. 
C,,H,N,Br requires Br, 33-7%). Acetylation of the diamine with boiling acetic anhydride 
gave only 4-bromo-2-N-acetyl-1 : 2-naphthylenediamine, which crystallised from glacial acetic 
acid in colourless needles, m. p. 225° (Found: Br, 28-4. C,,H,,ON,Br requires Br, 28-7%). 

Bromine (0-65 c.c.) in glacial acetic acid (36 c.c.) was added drop by drop to a vigorously 
stirred solution of 2-nitroaceto-l-naphthalide (6 g.) in glacial acetic acid (36 c.c.) above 45°. 
On cooling, 4-bromo-2-nitroaceto-1-naphthalide separated; it crystallised from glacial acetic 
acid in pale greenish, feathery needles, m. p. 239° (Found: Br, 25-8. C,,H,O,;N,Br requires 
Br, 25-9%). Reduction by the above stannous chloride process afforded 4-bromo-1-N-acetyl- 
1 : 2-naphthylenediamine stannichloride, which crystallised from hot concentrated hydrochloric 
acid (in which it is very soluble), on cooling, in colourless needles [Found: Cl + Br, 41-7. 
(C,,H,,ON,Br,HCl),SnCl, requires Cl+ Br, 41-8%]. 4-Bromo-1-N-acetyl-1 : 2-naphthylene- 
diamine crystallised from hot water in colourless plates, m. p. 248° (Found: Br, 28-5. 
C,,H,,ON,Br requires Br, 28-7%), and 217° when mixed with 4-bromo-2-N-acetyl-1 : 2-naphthyl- 
enediamine. Boiling acetic anhydride converted the 1-N-acetyl compound into 4-bromo-NN’- 
diacetyl-1 : 2-naphthylenediamine [brownish needles, m. p. 225°, from glacial acetic acid (Found : 
Br, 24-7. C,,H,,0O,N,Br requires Br, 24-9%)], but did not attack the 2-N-acetyl isomeride. 

4-Iodo-1 : 2-naphthylenediamine and Derivatives.—The following compounds were prepared 
from 4-iodo-2-nitro-l-naphthylamine (Hodgson and Elliott, Joc. cit.) by the methods used for 
the bromo-analogues. 4-Jodo-1: 2-naphthylenediamine monohydrochloride, pale brownish 
needles from concentrated hydrochloric acid (Found: Cl + I, 50-5. C,,H,N,I,HCl requires 
Cl + I, 50-7%). 4-Iodo-1 : 2-naphthylenediamine, purplish prisms, m. p. 98°, from hot water 
(Found: I, 44-4. C, ,H,N,I requires I, 44-7%). 4-lodo-2-N-acetyl-1 : 2-naphthylenediamine, 
colourless needles from glacial acetic acid, m. p. 238° (Found: I, 38-7. C,,H,,ON,I requires 
I, 389%); 4-iodo-1-N-acetyl-1 : 2-naphthylenediamine, colourless plates from hot water, m. p. 
271° (Found: I, 38-8%); mixed m. p. 231°. 4-odo-NN’-diacetyl-1 : 2-naphthylenediamine, 
colourless needles, m. p. 167°, from glacial acetic acid (Found: I, 34-4. C,H,,0,N,I requires 
I, 34:5%). 4-Iodo-1-N-acetyl-1 : 2-naphthylenediamine stannichloride, colourless needles from 
concentrated hydrochloric acid [Found : Cl + I, 47-3. (C,,H,,ON,I,HCl),SnCl, requires Cl + I, 
47-4%). As initial materials, 4-iodoaceto-l-naphthalide, and 4-iodo-2-nitroaceto-1-naphthalide 
were prepared by Meldola’s methods (loc. cit.). 
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432. Estimation and Purification of B-Naphthylamine in the Presence of 
a-Naphthylamine, and Properties of some Sulphonyl Derivatives. 


By HERBERT H. Hopcson and ERNEsT W. SMITH. 


THE solubilities of p-toluenesulphon-«- and -$-naphthalide in 2% aqueous sodium hydroxide 
at 16° have been found to be 125 g. and 3 g. per litre respectively; the 6-naphthalide is 
practically insoluble in 10% sodium hydroxide solution. In striking contrast, the solu- 
bilities of p-toluenesulphon-«- and -f-naphthalide in 2% aqueous potassium hydroxide 
are 85 g. and 66 g. per litre respectively. The difference in solubility has been made the 
basis of a method for estimating 8- in the presence of «-naphthylamine, which depends 
on the complete precipitation of p-toluenesulphon-f-naphthalide in the presence of a high 
concentration of sodium ions. There is a limitation, however: when the concentration 
of -toluenesulphon-«-naphthalide exceeds 20%, the 8-isomeride is only partly precipitated ; 
from the data, it would appear that, for concentrations of the a-naphthalide between 25% 
and 56%, the solubility of the B-isomeride is almost exactly proportional to the amount 
of the «-naphthalide in solution. 

Experiments on the addition of aqueous potassium hydroxide solutions of p-toluene- 
sulphon-$-naphthalide to solutions containing sodium ions show that sodium can be 
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detected with ease when the concentration is 2% or higher; the precipitate only forms 
slowly at a lower concentration, but the crystals are larger and better defined. 

When an aqueous acid solution containing both «- and $-naphthylamine is gradually 
neutralised, the @-amine is precipitated first; and the hydrochloride of 8-naphthylamine 
separates initially when a benzene solution of both amines is treated with hydrogen 
chloride. These facts have been utilised for the purification of 6-naphthylamine. 

The corresponding salts of m-nitrobenzenesulphon-«- and -$-naphthalide do not exhibit 
the difference in solubility of their p-toluenesulphonyl analogues. They form, however, 
a remarkable series of hydrates. The sodium salts both crystallise with 4 molecules of 
water; the «-compound is scarlet ; the @-isomeride is cream-coloured, although its aqueous 
solution is deep reddish-brown. The fotassium salt of the «-naphthalide is brick-red, 
and that of the 6-compound is pale yellow; the former is a dihydrate, and the latter a 
trihydrate. The barium salt of m-nitrobenzenesulphon-f-naphthalide forms a dihydrate. 
The anhydrous salts all have definite melting points, indicating them to be co-ordinated 
compounds. 

EXPERIMENTAL. 

Preparation of p-Toluenesulphon-a- and -§-naphthalide—Purified a- or B-naphthylamine 
(73 g.) was heated with p-toluenesulphonyl chloride (150 g.) and water (400 c.c.) for 2 hours 
on the water-bath with the gradual addition of sodium carbonate so that the liquid was always 
just alkaline. The naphthalide was then collected, dissolved (the «-compound in 2% aqueous 
sodium hydroxide and the 8-compound in 2% aqueous potassium hydroxide), and precipitated 
by carbon dioxide. 

Estimation of 8- in Presence of «-Naphthylamine.—A mixture of the amines was converted 
into the mixed p-toluenesulphonyl derivatives as described above. These were dissolved by 
careful heating in 2% aqueous potassium hydroxide (50 c.c. per g. of amine) and the solution 
was cooled and treated with 20% aqueous sodium hydroxide until precipitation ceased; the 
sodium salt of the 8-naphthalide was removed, and the a-naphthalide precipitated from the 
filtrate by carbon dioxide. Alternatively, the sodium salt of the @-naphthalide may be pre- 
cipitated by powdered anhydrous sodium carbonate, vigorously stirred into the solution. 
The limitation of the method is indicated by the following data, obtained by using 10% or 
20% aqueous sodium hydroxide or anhydrous sodium carbonate as precipitant. 











10% Aqueous NaOH. 20% Aqueous NaOH. Anhydrous Na,COQ3. 
“% ain % B % ain % 8 % a in %B 
solution. precipitated. solution. precipitated. solution. precipitated. 

21°0 100-0 25-0 100-0 25°0 100-0 
30°0 94°8 30°0 96°6 30°0 100-0 
45°0 77:2 40°0 85°5 40°0 90°1 
56-0 68°6 50°0 76°8 50°0 81°6 
59°7 59°1 
66°6 55:3 


The percentages require a correction of + 0:2. 


The sodium salt of p-toluenesulphon-$-naphthalide crystallised from water, containing a 
trace of sodium hydroxide, in long silky needles, m. p. 370° (Found: S, 10-1. C,,H,,O,NSNa 
requires S, 10-0%). On gradual cooling of hot saturated solutions, separation of crystals is 
sometimes delayed for more than an hour. 

The ammonium salt of p-toluenesulphon-8-naphthalide could not be isolated owing to its 
facile hydrolysis, since ammoniacal solutions when diluted with water always afforded the 
original naphthalide. 

Improved Preparation of 2 : 4-Dinitro-1-naphthylamine.—The method of Morgan and Evens 
(J., 1919, 115, 1129) has been modified as follows: -toluenesulphon-a-naphthalide (25 g.), 
dissolved in glacial acetic acid (70 c.c.), was treated with nitric acid (15 c.c.; d 1-42) at 50°; 
the temperature rose to 100°. On cooling, the #-toluenesulphon-«-2 : 4-dinitronaphthalide 
separated in pale yellow needles, m. p. 165° (Morgan and Evens, Joc. cit., give m. p. 165—166°) ; 
yield, 88%. The naphthalide (22 g.) was heated gradually to 80° with 90% sulphuric acid 
(66 c.c.); when the clear solution was poured into water (750 c.c.), 2 : 4-dinitro-1-naphthyl- 
amine separated in almost quantitative yield; after recrystallisation from glacial acetic acid 
it had m, p. 242° (Morgan and Evens, /oc. cit., give m. p. 239°). 
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Precipitation of B- in Presence of a-Naphihylamine.—(a) A cold solution of the amines 
(1 g. of each) in hydrochloric acid (25 c.c.; d 1-16) and water (250 c.c.) was gradually neutralised 
with aqueous sodium hydroxide, the precipitate being collected in three fractions: (1) 0-2 g., 
m. p. 102°, almost wholly B-amine; (2) 1-0 g., m. p. 92°, mostly B-amine; (3) 0-5 g., m. p. 41°, 
mainly a-amine, A method of purifying 8-naphthylamine based on these results was carried 
out as follows: A well-stirred saturated solution of commercial 8-naphthylamine (m. p. 102— 
109°) in dilute hydrochloric acid was gradually precipitated as above until the bulk had separated ; 
m. p. 109—110° (pure 6-naphthylamine has m. p. 112°; «-naphthylamine, m. p. 51°). 

(b) A cold solution of a- and 6-naphthylamine (1 g. of each) in benzene was treated with 
hydrogen chloride. The first precipitate after basification (0-7 g.) had m. p. 102° and was 
almost pure $-naphthylamine. 

Salts of m-Nitrobenzenesulphon-a- and B-naphthalide—The sodium salt of the a-compound 
(prepared with J. H. Crook) crystallised from water as a fetrahydvaie in long, iridescent, 
scarlet needles, which melted in their water of crystallisation at 85° (Found: H,O, 17-0. 
C,¢H,,0O,N,SNa,4H,O requires H,O, 17-06%). The crystals lost water at 40° and became 
pale yellow. The loss was continuous up to 50°, chocolate-brown needles of a stable mono- 
hydrate then being obtained (Found: H,O, 4:8. C,,H,,O,N,SNa,H,O requires H,O, 4-9%). 
At 120°, the anhydrous salt was obtained in pale orange needles, m. p. 256° (Found: S, 9-2. 
C,,H,,0O,N,SNa requires S, 9-1%). Above 50° the aqueous solution had a deep reddish-brown 
colour, indicating that the lower hydrate is stable in solution. 

The potassium salt of the a-compound crystallised from water as a dihydrate in fine brick- 
red needles (Found: H,O, 8-8. C,,H,,0,N,SK,2H,O requires H,O, 8-9%). These lost 2 
molecules of water at 120°, leaving the anhydrous salt in pale orange needles, m. p. 232° (Found : 
S, 8-8. C,,H,,O,N,SK requires S, 8-7%). Solutions of the sodium and potassium salts of 
m-nitrobenzenesulphon-a«-naphthalide are readily hydrolysed by aqueous caustic alkali with 
separation of pure «-naphthylamine. 

m-Nitrobenzenesulphon-B-naphthalide, prepared similarly to the p-toluenesulphony] analogue 
above, crystallised from alcohol in pale cream needles, m. p. 166-5° (Found: S, 9-8. C,,H,,0,N,S 
requires S, 9-7%). The sodium salt crystallised from its deep reddish-brown solution 
in water as a tetrahydrate in pale cream micro-needles, m. p. ca. 77° (Found: H,O, 17-0. 
C,¢H,,0,N,SNa,4H,O requires H,O, 17-06%), which lost 3 molecules of water at 60°, giving 
pinkish micro-needles of a monohydrate (Found: H,O, 4:9. C,,H,,O,N,SNa,H,O requires 
H,O, 4:9%), and became anhydrous at 120°, forming pale yellow needles, m. p. 290° (Found : 
S, 9-2. C,¢H,,0,N,SNa requires S, 9-1%). The potassium salt crystallised from its deep 
reddish-brown aqueous solution as a trihydrate in pale yellow micro-needles, m. p. ca. 70° (Found : 
H,O, 12-8. C,,H,,O,N,SK,3H,O requires H,O, 12-9%), which lost 2 molecules of water at 60°, 
forming pink-orange micro-needles of a monohydrate (Found: H,O, 4:5. C,,H,,0O,N,SK,H,O 
requires H,O, 4-6%), and a further molecule at 120°, giving pale yellow needles of the anhydrous 
salt, m. p. 240° (Found: S, 8-8. C,,H,,O,N,SK requires S, 8-7%). Both the sodium and the 
potassium salt tend to separate from concentrated solutions as deep red liquids, which may 
remain fluid for 2—3 days before setting to pale yellow solids. The barium salt crystallised 
from water in pale orange needles of a dihydrate (Found: H,O, 4:3. C,,H,,0,N,S,Ba,2H,O 
requires H,O, 4-4%), which became anhydrous at 120° as light brown needles; these charred 
on melting at ca. 280° (Found: N, 7-2. C3,;H,,0,N,S,Ba requires N, 7-1%). 


The authors thank the Imperial Chemical Industries, Ltd. (Dyestuffs Group), for various 
gifts. 
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433. Complex Formation between Polynitro-compounds and Aromatic 
Hydrocarbons. Part II. The System 2: 4-Dinitro-2'-methyldiphenyl- 
6-carboxylic Acid—Benzene. 

By Datzret Li. HAMMICK and R. BRANSTON WILLIAMS. 


It was shown in Part I (this vol., p. 580) that methyl 4:6: 4’ : 6’-tetranitrodiphenate 
interacts at a finite rate with indene in carbon tetrachloride, the recognition and estimation 
of a compound in solution being possible owing to the fact that the combined indene does 
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not react with bromine. Aromatic hydrocarbons that can be estimated by bromine titra- 

tion are, however, limited in number, and other methods are needed by which interaction 

in liquid polynitro-compound-hydrocarbon systems can be investigated. We have there- 

fore examined the possibility, suggested by certain incidental observations by Lesslie 

and Turner (J., 1930, 1758), of utilising a change in optical activity produced by the 

combination of an active nitro-compound with a hydrocarbon. The above authors describe 

solid complexes containing the active 2 : 4-dinitro-2’-methyldiphenyl-6-carboxylic acids 

NO. M (I) (2 mols.) and benzene (1 mol.) with rotations in alcohol of 

2 XC [a]s791 = + 7°8°, those of the uncombined acids being [«]s79; 

(L.) NO, = + 18-7°. They also state that the complex is recoverable 

CO.H unchanged from alcoholic solution, and that after the removal 

. of the benzene by solution in aqueous alkali, the free acids have 

their original rotations of [«];75, = - 18-7° in alcohol. They found that the racemic acid 

crystallised from benzene without combining with the latter. It would thus appear 

that we have here a complex with a characteristic property in solution and suitable for 
study by polarimetric methods. 

Repetition of the work of Lesslie and Turner with our particular object in view showed 
that the racemic acid does, in fact, form solid complexes with benzene in the molar ratios 
2: land 1: 1, the former complex being much less soluble than the corresponding substance 
containing active acid. Moreover, although we confirmed the figures for the resolution of 
the acid by means of brucine, which was used by Lesslie and Turner ({[«] = + 18-7°), 
yet we found that the use of d-«-phenylethylamine * gave an acid of much higher rotation, 
viz., + 89-8° in alcohol (all rotations were measured for the line 5791 in alcohol unless 
otherwise stated). Whether or not this corresponds to an optically pure substance we 
cannot say with certainty, for we have not attempted to obtain the /-form. Examination 
of the work of Lesslie and Turner shows that they were justified in regarding their resolution 
as complete, since (a) the two pure isomerides were obtained and led to two acids having 
the same numerical rotation, and (b) they obtained the same result by resolution with 
brucine in acetone as by using the ammonium salt of the acid and brucine hydrochloride 
in aqueous solution. 

We find, moreover, that the most completely resolved d-acid we have been able to obtain 
has the same rotation in alcohol as it has when measured in the same solvent in the form 
of its benzene complex. Removal of the solvent and the benzene yields the free acid un- 
changed in rotation. Mixtures of active and inactive acids, such as that obtained by resolu- 
tion with brucine, give, on recrystallisation from benzene, complexes richer in the less 
soluble inactive complex than the original mixtures. In all such cases the rotations per 
g. of acid per c.c. are the same as those of the acids obtained after removal of alcohol and 
benzene. We must therefore conclude, either that the complex does not exist in appreciable 
amount in solution, or else that the rotatory power of the acid is the same per g. per c.c. 
whether it is attached to benzene or not. In either case optical activity is useless as a 
property by which the complex can be investigated in solution. 

We find that inactive and d-2 : 4-dinitro-2-methyldiphenyl-6-carboxylic acids form 
solid complexes with water (1 : 1) and with methyl alcohol (1:1). With these substances 
also the activity of the acid is unchanged by complex formation. 

The fact that the inactive is less soluble than the active benzene complex means that 
the former must be a true racemate. It also makes it possible to bring about a further 
resolution of a mixture of active and inactive acids by crystallising it from benzene. Since 
the racemic complex has a finite solubility, it is clearly not possible to obtain a mother- 
liquor entirely free from racemate. The limit of separation appears to be reached with 
acids of rotation [«] = 77-8°; such acids have been obtained at the end of several independ- 
ent separations. It is possible that similar sparingly soluble racemates are formed with 
benzene by other resolvable nitro-diphenyl derivatives, and that further resolutions can be 
effected by crystallisation from benzene. One example has already been found in this 


* Ingersoll and Littler (J. Amer. Chem. Soc., 1934, 56, 2123) have drawn attention to the suitability 
of this active base for resolving internally impeded nitrodiphenic acids. 
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laboratory by Dr. G. Sixsmith, who has effected a further resolution of 4 : 6 : 4’-trinitro- 
diphenic acid. Resolved by quinine, this substance has [«]54g, = — 24-6° in ether, but 
after recrystallisation from benzene, the mother-liquors yielded an acid of rotation [«];4,, 
== — 42-2° in ether. 

EXPERIMENTAL. 


Preparation of 2: 4-Dinitro-2’-methyldiphenyl-6-carboxylic Acid.—This substance was pre- 
pared by a slight modification of the method of Lesslie and Turner (loc. cit.). Equivalent 
quantities of methyl 2-chloro-3 : 5-dinitrobenzoate (26 g.) and o-iodotoluene (25 g.) were melted 
together until a homogeneous liquid was obtained (ca. 90°). 26 G. of copper-bronze (Hopkin 
and Williams) were then added, and the temperature raised slowly (1° per min.), with constant 
stirring, to 115—120°. Reaction now set in, the liquid becoming viscous, with formation of 
copper halides. The temperature was raised slowly to 160° and kept there for 2 hours. The 
cooled mass was extracted by boiling five times with acetone for 15 minutes. After the com- 
bined extracts had been boiled with animal charcoal for $ hour, the acetone was removed, 
and the brown residue triturated with a little methyl alcohol, in which the coloured impurities 
were soluble. After filtration, the crude ester (yield, 75%) was twice recrystallised from methy] 
alcohol (pale yellow needles, m. p. 138-5°). 

The ester (10 g.) was hydrolysed by 5 minutes’ boiling with methyl-alcoholic sodium hydroxide 
(25 c.c. of 2N-sodium hydroxide, 50 c.c. of water, 300 c.c. of methyl alcohol, giving a homo- 
geneous solution at the b. p.), and the mixture poured into about 2 1. of water, and kept until the 
oily acid had solidified; yield, 90%; m. p. 156° (from ligroin). 

The Ullmann condensation with the methy] ester instead of the ethyl ester (used by Lesslie 
and Turner, /oc. cit.) proceeded more smoothly and the product was much easier to work up. 
The alkaline hydrolysis was also a definite improvement on the method employed by the above 
authors. 

Solid-liquid Equilibria in the System r-2 : 4-Dinitro-2’-methyldiphenyl-6-carboxylic Acid—Benz- 
ene.—Weighed quantities of the r-acid and pure benzene were sealed into bulb tubes, and the 
temperatures at which the last trace of solid remained in equilibrium with liquid were observed in 
a variable thermostat. The data below were obtained, and are plotted in the figure: C is the 
composition in mols. % of r-acid of the liquids that are in equilibrium with solid at temperatures 


55° —-115°3°:128°5°—129°5° =: 129°6°—-:129°3°—:133°3°—s:131°9° 

0-0 22°9 41°0 42°8 51°0 §2°5 57°9 58°5 
134°6° 136°2°  137-1° —-138-3°:140°6°—s:147°8°—-155°5° 
63°2 64°3 67°9 72°0 83°7 100°0 
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The shape of the temperature-composition curve indicates the existence of two solid com- 
plexes, containing r-acid and benzene in the molar ratios 1: 1 and 2: 1 and melting at about 
128° and 138° respectively. 

Crystallisation of the r-acid from benzene gives monoclinic crystals of the 2: 1 complex 
(Found : C, 59-9; H, 4-0; equiv., 339. Calc. for 2C,,H,,O,N,,C,H, : C, 59-8; H, 3°8%; equiv., 
341). Them. p. of these crystals when heated in the ordinary m. p. tube is 154—156°, i.e., that of 
the free acid. No fusion occurs when capillary tubes containing the crystals are dipped into the 
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oil-bath at successive temperatures below 156° (‘‘ rapid heating ’’), and it would thus appear 
that the benzene of crystallisation is driven off before fusion can occur. In a sealed capillary 
tube, however, the m. p. is 138—140°. 

Resolution of r-2 : 4-Dinitro-2'-methyldiphenyl-6-carboxylic Acid.—The l-acid obtained by 
the use of brucine had [a] — 19-4° (c = 1-61), which is near the value [a] + 18-7° found by 
Lesslie and Turner (/oc. cit.); m. p. 156°. The d-acid was obtained by means of d-a-phenyl- 
ethylamine of [«] + 40-4° and b. p. 98°/47 mm. Toa solution of 23-9 g. of the r-acid in 85 c.c. 
of acetone, a solution of 9-6 g. of the active base in 15 c.c. of acetone was added. The salt (18-3 
g.) that separated on boiling was filtered off from the cold solution and digested with successive 
lots of about 2 parts by weight of boiling acetone for } hour each time, the extracts being filtered 
in the cold. This treatment was continued until further extraction did not alter the rotation 
of the salt, eight extractions yielding 8-6 g. of pure dB,dA material; pale yellow needles, m. p. 
218°; [a] = + 57-1° in acetone (c = 1-12). 

The salt was decomposed by adding 4 c.c. of concentrated hydrochloric acid to a suspension 
in hot water, whereupon the acid separated as a yellow oil, which solidified on cooling with ice 
The solid was filtered off, dissolved in aqueous ammonia, again filtered, and treated with dilute 
sulphuric acid. The liberated acid was extracted with ether, dried over anhydrous sodium 
sulphate and, after removal of the ether, caused to crystallise by heating on the water-bath and 
scratching; m. p. 135°; [a] = + 89-1° (c = 0-8). 

The active acid is extremely soluble in benzene and cannot be crystallised from it. The 
benzene complex was obtained by the evaporation of a benzene solution at room temperature ; 
the viscous oil that remained solidified on scratching; m. p. 134°; “ rapid heating ’’ m. p. ca. 
120° (decomp.) (Found : equiv., 340. Calc. for 2C,4H,,O,N,,C,H,: equiv., 341). 

Active Complexes with Benzene.—A number of partly resolved specimens of 2 : 4-dinitro- 
2’-methyldiphenyl-6-carboxylic acid were crystallised from benzene. The rotations of the 
benzene complexes (2 mols. acid: 1 mol. benzene) were determined in alcohol, the benzene 
being then removed by solution in aqueous ammonia, precipitation with hydrochloric acid, 
and extraction with ether. After drying, the ether was evaporated, the free acid obtained 
through the ammonium salt as before, and its rotation measured. The results are given below. 
The rotations in col. 3 are those per g. of acid per c.c. per dm., allowance being made for the 
benzene present in the complexes. The equivalent weights were determined as checks on the 
compositions of the complexes and acids by titration with standard baryta, 

[a] for [a] for Acid from complex. 
acid from acid in C, Equiv. of -« “ 
mother-liquor. complex. complex. complex. [a 

— 568° — 34° 1°6 337 

— 48°9 337 

— 69°3 339 

+ 70°2 338 

+ 71-0 343 

+ 76°1 303 

+ 72°1 339 

+777 — 

— 340 
Calculated equivalent weight of free acid = 302. 
complex = 341. 





Equiv. 
302 
304 
300 
301 
303 
303 
301 


302 


Cad 


° 


Pret +> ft 
> de See Orb brs 


mae 
SAABIAR Odd © 


SAsIRSSS 
SIASEShE 
++++++1 1 1 
SW ee SS i 
SSwWnwnawdads 
Sooorror- 


COSooHoore 
2 > 


+ 
3 


” ” ” 


Comparison of cols. 3 and 6 shows that the optical activities of the partly resolved acids 
are very nearly the same whether they are measured in the form of complex or not. The data 
in the bottom line refer to the completely resolved d-acid, the benzene complex having been 
obtained by the evaporation of a benzene solution at room temperature in a vacuum desiccator. 
Comparison of cols. 1, 2, and 3 shows that the solid benzene complex separating from a benzene 
solution of partly resolved acid is richer in the less soluble racemate, and that the mother- 
liquor is richer in active acid. It is thus possible to effect a further resolution by the successive 
separation of solid complex and evaporation of the mother-liquors. 

Further Resolution of Partly Resolved Acids by Crystallisation from Benzene.—Two examples 
of the procedure and results are given. (1) 1-2 G. of brucine-resolved acid ({«] = — 19-4°, 
c = 1-61) were dissolved by warming in benzene. On cooling, 0-9 g. of complex separated 
({a] = — 1-9°, calc. on acid content, c = 1-1), and the mother-liquor contained 0-3 g. of acid 
having [a] = — 48-9° (c = 1-23). 0-2 G. of this acid, crystallised from 5 c.c. of benzene, gave 
0-12 g. of complex ([«] = — 5-6°, calc. on acid content, c = 0-4), and 0-08 g. acid having 
[a] = — 69-3° (c = 0-46) in the mother-liquor. 
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(2) 1-4 G. of acid ([a) = + 43-0°, c = 1-28), crystallised from 25 c.c. of benzene, gave 0-8 g. 
of complex ({[a] = + 6-4°, calc. on acid content, ¢ = 1-4), and 0-6 g. of acid ([a] = + 70-5°, 
¢ = 1-05) from the mother-liquor. 0-5 G. of the latter acid, from 5 c.c. of benzene, gave 0-2 g. 
of complex and 0-48 g. of acid with [a] = + 73-2° (c = 0-97). A further recrystallisation of 
this acid gave 0-07 g. of complex ([a] = + 46-5°, c = 0-7) and 0-41 g. of an active acid with 
[a] = + 77-7° (c = 1-3). 

Complex Formation with Water and with Methyl Alcohol.—When the r- and the d-acid are 
liberated in water from their salts, they solidify as monohydrates. They are obtained in good 
crystalline form by the addition of water to their ethyl-alcoholic solutions of the acids and 
allowing them to stand (Found, in air-dried crystals, for r-acid; C, 52-57; H, 3-92; for d-acid: 
C, 52-78; H, 3-80. Cy,H,O,N,,H,O requires C, 52-5; H, 3+7%); m. p.’s: r-acid, ca. 120° 
(decomp.) on rapid heating; d-acid, 80—85° (decomp.). Rotation of the d-acid hydrate: 
[a] = + 84-6° (c = 0-6), which gives [a] = + 90-1° for the acid present in the hydrate; for 
the original acid, [a] = + 89-8° (c = 0-4). 

Crystallisation of the r- and the d-acid from methyl] alcohol yields well-defined monoclinic 
crystals of 1 : 1 complexes containing the alcohol; m. p.’s: r-acid, 130—135° (decomp.) on rapid 
heating; d-acid, 90—100° (decomp.) on rapid heating (Found, for r-acid complex: C, 54-08; 
H, 4:19; for d-acid complex: C, 53-82; H, 4:27. C,,H,O,N,,CH,;°OH requires C, 53-9; 
H, 4:2%). 

A specimen of d-acid ({«] = + 89-8°, c = 0-6) was converted into hydrate and into the 
methyl alcohol complex. The rotations per g. of acid in the two cases were [a] = + 90-1° 
(c = 0-4) and [a] = + 89-5° (¢ = 0-5) respectively; the rotation of the recovered free acid was 
[a] = + 89-8° (c = 0-4). 


The authors acknowledge a grant from Imperial Chemical Industries, Ltd., and one of them 
(D. Ll. H.) a Leverhulme Research Fellowship. 
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Note by E. E. Turner.—Mr. Hammick very kindly sent the above paper to me before 
presenting it for publication. Reference to our original laboratory record showed that our 
resolution with brucine had all the characteristics of a thoroughly satisfactory resolution, 
since the two diastéereoisomeric brucine salts were crystallised until the rotation was constant, 
and gave rise to acids having [«]?%,, + 18-7°. The d-acid of this rotation was crystallised from 
benzene, and both the first crop and the total solid obtained by evaporation of the mother-liquor 
had the same rotation, viz., [«]?%3, + 7°8°. Boiling the first crop with alkali to remove benzene 
of crystallisation gave an acid which, without any purification, had [«]?%, + 18-6°. Inourhands, 
therefore, crystallisation of what is now to be regarded as an impure d-acid led to no separation. 





434. Studies in Polymorphism. Part III. The Linear Velocity of the 
Transformation of a- into B-o-Nitroaniline. 


By NorMAN H. HARTSHORNE, GLYNNE S. WALTERS, and (in part) 
W. O. MONTAGUE WILLIAMS. 


In Part I (J., 1930, 727}, preliminary observations on the rate of transformation of the 
“unstable ”’ into the “‘ stable ” form of o-nitroaniline in thin films of the substance were 
described. [In Part II (J., 1931, 2583), these two forms were designated the a- and the 
6-form respectively, owing to the discovery of a third form (y) of higher stability.] The 
present paper describes a further study of the linear velocity of the process and its depend- 
ence upon the temperature and other factors. 

The kinetics of reactions in the solid state have recently attracted considerable attention. 
Most of the reactions studied have been of the type solid, = solid, + gas, e.g., the decom- 
position of permanganates and dichromates (Hinshelwood and Bowen, Phil. Mag., 1920, 
40, 569; Proc. Roy. Soc., 1921, A, 99, 203), of hydrates, notably copper sulphate penta- 
hydrate (Garner and Tanner, J., 1930, 47; Hume and Colvin, Proc. Roy. Soc., 1931, A, 
132, 548; Smith and Topley, sbid., 134, 224; Bright and Garner, J., 1934, 1872), and of 
azides (Garner and Gomm, J., 1931, 2123; Harvey, Trans. Faraday Soc., 1933, 29, 653). 
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The theoretical approach to the subject would be facilitated if more data were available 
regarding the simplest type of reaction in the solid state, viz., the type solid, = solidg, 
important examples of which are the transformations of polymorphic solids. Unfortun- 
ately, comparatively few kinetic studies have been made on such reactions, owing no doubt 
to the difficulty of finding examples susceptible of easy measurement. 

In determining the rates of reactions in the solid state, most authors have determined 
the mass rate from the loss of weight (in decomposition reactions) or the change in volume 
accompanying the reaction; the linear rate of advance of the interface between the 
reacting and the resulting solid, or the rate of reaction per unit area of interface, is 
then deduced from the mass rate and the dimensions of the crystals, account being taken of 
the degree of nucleation of the latter. Few determinations of the linear velocity have been 
based on direct observations of the movement of the interface, as in the work of Bright 
and Garner (/oc. cit.) on the growth of dehydration centres on crystals of copper sulphate 
pentahydrate. 

As has already been shown, an interface between the «- and the 6-form of o-nitroaniline 
is readily established by melting a little of the substance between a microscope slide and a 
cover slip, and then allowing the resulting film to crystallise. The interface can be clearly 
observed by transmitted light, owing to the difference in colour between the two forms (see 
Figs. 2, 3, and 4; Part I, loc. cit.), and its rate of movement is convenient to measure be- 
tween 0° and 40°. The transformation thus affords an opportunity of measuring directly 
the linear velocity of a reaction of the simple type solid, = solidg, at different temperatures. 

The reaction was followed by projecting a magnified image of a film, prepared as above, 
on a screen by means of a suitable optical apparatus, the slide being maintained at a con- 
stant temperature. The position of the interface was traced on the screen with a pencil or 
pen at equal intervals of time, and the linear velocity subsequently computed from the 
“ average distances ” between successive lines thus obtained. These “‘ average distances ”’ 
were the averages of measurements made at points equally and closely spaced along the 
interface. It was hoped that by making a sufficient number of such measurements, 
variations in velocity, due to differences in the relative orientations of the «- and 8-crystals 
at different parts of the interface, or to other causes, would be averaged out. However, 
these variations proved to be so large, owing partly, no doubt, to the low symmetry of the 
substance, that this hope was only partially fulfilled, despite the fact that over 20,000 
measurements were made in studying three specimens at four temperatures each. Never- 
theless, the results suffice for the evaluation of the critical increment to within a few 
thousand calories. 

It is of great interest that the velocity is not constant at constant temperature, but 
falls as the reaction proceeds. Schaum and Unger (Z. anorg. Chem., 1924, 132, 90) 
observed a similar phenomenon in the polymorphic transformations of f-chloro-, p-iodo-, 
and #-hydroxy-benzophenone in thin films, but they did not comment upon it. A theory 
and a semi-empirical equation which account for this fall of velocity are advanced. 


EXPERIMENTAL. 


Projection Apparatus.—The reaction was studied at 0°, 20°, 30°, and 40°. For the first 
three temperatures, the apparatus shown in Figs. la, b, and c was used (Apparatus I). The 
slide was held in the holder A (Fig. 16) by small leaf springs (not shown), and A was placed in 
the cell E (Fig. 1c), the back and front of which were made of plate glass. The top of E was 
closed by a well-fitting cover F, held in place by means of thumb-screws. E was rigidly fixed 
in the thermostat K (Fig. la, in which E is viewed from the side), provided with windows N,, 
N,. By means of the optical lantern Q and the projection lens P, an enlarged image of the 
film on the slide was projected on to a sheet of paper pinned to a vertical board placed 14 feet 
from the apparatus. A dry atmosphere was maintained inside E by passing a stream of dry 
oxygen or nitrogen through the wide rubber tube T (Fig. la), connecting P and N, (in work at 0°, 
this prevented the formation of dew on N,), thence through the copper tube U, in which the gas 
acquired the temperature of the thermostat, into E. The gas escaped through V, which was 
connected to a calcium chloride guard-tube. In work at 0°, lumps of ice were prevented from 
being stirred into the field of view by the gauze screens W. A dilute solution of copper sulphate, 
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S, absorbed heat rays from the lantern. The magnification obtained with this apparatus was 


21-7. 
Fic. 1. 






































As the reaction proceeded, small patches of the 6-form appeared and grew in the «-areas. 
The interface gradually joined up with these patches, and so with the passage of time the length 
available for measurement decreased. It was necessary to distinguish ‘‘ peninsulas ”’ on the 
interface formed in this way from those due simply to more rapid growth at places of favourable 

: crystal orientation. Using Apparatus I, it was 

Fic. 2. fairly easy to do this at 0°, 20°, and 30°, because, 

although the definition on the screen was not very 

critical, the relatively low linear velocities at these 

temperatures gave the observer time to take note 

of the course of events at all parts of the interface. 

~~, At 40°, however, the velocity was much higher, 

and it became very difficult to estimate with this 

apparatus the part played by the small patches in 

the stabilisation process. Accordingly, for work 

at this temperature, a polarising projection micro- 

scope (Apparatus II) was used. With this, the film 

could be observed either in polarised light or 

between crossed Nicols, whereby all boundaries 

between the a- and §-forms were very sharply 

defined and their movement was easy to follow 

despite the higher velocity. The image was pro- 

jected upwards on to a screen consisting of tracing 

paper stretched over a horizontal glass plate. The 

hot stage used with this apparatus consisted of 

two cells, J, and J, (Fig. 2), made of sheet brass 

with openings 1}” square at the top and bottom. 

These openings were covered with glass plates, K,, 

K,, etc., sealed to the brass with De Khotinsky 

cement. The cells had outlet and inlet tubes 

for the passage of a stream of water, and were connected together by the rubber tube L, inside 

which was a coil of wire to prevent kinking. The slide was placed between the cells inside the 

thick rubber washer M, and the whole assembly was held together by rubber bands. To 

minimise conduction of heat to the microscope stage, four discs of cork were cemented to the 
under side of the lower cell at the corners. 
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The stream of water was previously freed from dissolved air, which would have collected in 
the cells and obscured the field of view, by heating and passage through a bubble trap. It was 
led at a constant head through a copper coil in a thermostat and then through the cells. Two 
thermometers (one of which is shown in Fig. 2) registered the temperature of the water on 
entering and on leaving the cells. Their readings differed by 1° + 0-1°, and the mean value was 
taken as the temperature of the slide. The magnification obtained with this apparatus 
was 28-5. 

Purification of Material_—(i) By recrystallisation (with W. O. M. Witttams). The first 
measurements were made on material purified as follows. Schuchardt’s “‘ pure ”’ o-nitroaniline 
was recrystallised 12 times from aqueous alcohol (1: 1 by vol.). Ordinary absolute alcohol and 
distilled water were used for the earlier fractions, but absolute alcohol, freed from traces of 
aldehyde by Winkler’s method (Ber., 1905, 88, 3612), and conductivity water were used for the 
later ones. The solutions, saturated at about 70°, were allowed to cool in a large beaker wrapped 
in felt, and were meanwhile stirred with a rotating stirrer passing through a copper lid, which 
covered the top of the beaker and prevented ingress of dust. The stirring resulted in the deposi- 
tion of small separate crystals unlikely to contain occluded mother-liquor, They consisted of 
the y-form, as shown by their m. p. and their optical properties, determined under the polarising 
microscope. 

Specimens of each fraction were retained, and after drying, their m. p.’s were determined by 
means of the apparatus described in Part I (loc. cit.). The m. p. became constant at 71-25— 
71-3° after the first three or four recrystallisations. 


rk gas 























The final fraction was filtered off on a sintered-glass Biichner funnel, the top of which was 
then connected to a drying train (concentrated sulphuric acid and phosphoric oxide) and a cotton- 
wool dust filter. Air was drawn through the whole system for several days, after which the 
specimen was transferred to a vacuum desiccator containing phosphoric oxide, This specimen 
is referred to in the sequel as the “‘ recrystallised specimen.” 

(ii) By sublimation in a vacuum, The experiments on material purified as above revealed a 
marked fall in the linear velocity as the reaction proceeded at constant temperature. It was 
thought that this might be due to the presence of traces of accelerative impurities at and near 
the interface at the beginning of the reaction, these impurities being left behind as the inter- 
face advanced. This explanation was suggested by the method of preparing the films, which 
almost certainly results in concentration of any impurity at the boundaries between the spher- 
ulites, for it is at these places that the last of the melt solidifies. To test this point, a method of 
intensive purification of the material was sought. It did not seem likely that anything would 
be gained by further recrystallisation, for during the operations it is impossible completely to 
protect the crystals from dust, and, as pointed out by Richards (J. Amer. Chem. Soc., 1932, 54, 
493), beyond a certain point the process merely introduces more impurity. It was therefore 
decided to purify the material by fractional sublimation in a vacuum, after it had been recrystal- 
lised a few times from aqueous alcohol. The sublimation apparatus (Fig. 3) was so designed as 
to minimise the possibility of contamination of the crystals by dust or other atmospheric 
impurities. 

Dry oxygen filtered through cotton-wool was passed through the sintered-glass diaphragms 
D, D’, which removed the last traces of dust, and then through the sublimation tube E, which 
had previously been cleaned with benzene, followed by chromic-nitric acid mixture, washed, 
and steamed. E was thoroughly baked in the oxygen stream by heating every part to dull 
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redness with a Bunsen flame. The side tube F, through which the oxygen escaped, was covered 
with a loosely fitting glass cap during this operation, in place of the funnel shown in the figure. 
The sublimation tube was then allowed to cool in the stream of oxygen, after which o-nitro- 
aniline (recrystallised five times from aqueous alcohol and dried in the manner previously 
described) was introduced by means of the funnel G; G was removed, and F sealed off a few 
inches from the top, the oxygen stream being stopped when F was nearly sealed. The air 
thermostat J was then moved so as to envelop E up to about the dotted line in the figure, 
and E was evacuated by means of a Tépler pump connected to K; J was a thick wooden 
box with a glass window, and was heated by four 220-volt gas-filled lamps, two at each end, 
which were covered with asbestos paper to stop direct radiation. An ordinary mercury regu- 
lator and a standard type of relay were used, and two thermometers situated at different places 
in the box showed agreement to 0-1° and a constancy to less than 1°. The thermostat was 
mounted on flanged wheels running on rails and so could easily be moved to enclose any length 
of the sublimation tube E. The left-hand end (in the figure) of the thermostat had an opening 
sufficiently large to allow the side tube F and the bulb of the sublimation tube E to pass through. 
Once these parts were inside, the opening was covered with two pieces of thick cardboard meeting 
at a vertical junction and cut so as to fit the main part of E closely. The cardboard was fixed 
to the thermostat by means of thumb-screws. 

The thermostat was set at 60°, i.e., some 10° below the m. p. of o-nitroaniline. After a small 
** head ”’ fraction had sublimed to the left-hand end of E, the thermostat was moved to the right 
and the major part of the material was allowed to sublime to the middle portion of the tube, 
the thermostat being moved farther to the right from time to time so as to cause the sublimate 
to deposit over a large area. This last procedure was necessary to prevent the tube becoming 
blocked, and to facilitate the subsequent removal of the material. Finally, the thermostat was 
moved still farther to the right so as to enclose only the bulb and side tube of E, and the re- 
mainder of the nitroaniline was allowed to sublime completely to form a “‘ tail” fraction. The 
whole process was very slow, several days being required for its completion, but this probably 
assisted in affording a pure product. 

On completion of the sublimation process, the thermostat was moved to the position shown 
in the figure, and E allowed to cool completely. Dry dust-free oxygen was admitted slowly from 
the gas train, and the tube was then sealed off at N and placed in the clamps M, M’ on the 
top of the thermostat, pointing in the same direction as before, and not as shown in the figure, 
which as regards this part refers to later experiments. Another sublimation tube which had 
been cleaned, washed, and steamed, was now placed in the clamp L, attached to the gas train, 
and baked as previously described. By means of a glass knife, a deep scratch was made on the 
first tube at the clear space between the head and the middle fraction. Glass dust was removed 
from the scratch with a camel-hair brush, and the portion of the tube containing the head 
fraction was broken off by the usual method of applying a piece of hot glass to the scratch. 
The funnel G was placed in the side tube of the second sublimation tube, and the now open 
end of the first tube was arranged so as to be immediately above G. By means of a nickel 
scraper, portions of the middle fraction were transferred directly to microscope slides, which 
were at once “‘ prepared,”’ 7.e., the material on each slide was melted and covered with a cover 
slip, and the prepared slides were then placed in a desiccator. The remainder of the middle 
fraction, except a small sample, which was retained for making further slides if necessary, was 
scraped into the second sublimation tube, large lumps being broken up and pushed down the 
funnel with a glass rod. This tube was sealed and evacuated, and the nitroaniline sublimed into 
a small head, a middle, and a small tail fraction exactly as in the previous case. The tube was 
then mounted on the top of the thermostat as shown in Fig. 3, and cut between the middle and 
the tail fraction (the space between the middle and head fractions, where the previous tube was 
cut, not being entirely free from crystals in this case). Some of the middle fraction was retained 
for slides, and the rest transferred to a third sublimation tube as before, andsoon. The middle 
fractions from the first, second, etc., sublimation tubes are referred to in the sequel as the 
“* once-sublimed,” ‘‘ twice-sublimed,” etc., specimens respectively. 

On examining the bulb of the first sublimation tube under the microscope when sublimation 
had finished, an appreciable amount of dust was seen, together with a few tiny globules of a 
yellow liquid, similar in appearance to that formed when o-nitroaniline is heated to charring in 
air and the vapours are condensed (see Part I, Joc. cit., p. 728). A similar residue was left when 
an old specimen, which had been recrystallised twelve times from aqueous alcohol and stored 
for a year over phosphoric oxide, was completely sublimed in a vacuum. These observations 
confirmed the suspicion that a high degree of purity could not be obtained by the recrystallis- 
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ation method. After the second sublimation operation, however, no residue whatever could be 
detected, showing that the method had resulted in a definite advance in purity. 

As will appear later, the once- and twice-sublimed specimens did not behave differently 
from the recrystallised specimen as regards the fall in velocity at constant temperature. Before 
abandoning the idea that the fall was due to the presence of impurity, however, a final effort was 
made to improve the conditions of purification of the material and preparation of the slides as 
follows. After the fourth sublimation tube had been baked, nitrogen instead of oxygen was 
passed through the gas train and used for the subsequent operations, t.e., during the introduction 
of the substance, and for filling the tube after the sublimation. The substance was removed 
from the tube, and slides were prepared from it, entirely in an atmosphere of nitrogen. These 
modifications were devised to eliminate any possibility of oxidation of the substance, and to 
protect it further from contamination by dust. The details of the procedure after the sublim- 
ation was finished and the tube filled with nitrogen were as follows. The tap O (Fig. 3) was 
turned off, and the whole tube was disconnected from the gas train and fixed in the clamps M, 
M’, with O on the right. The nitrogen supply Fic. 4. 
was reconnected to O by a rubber tube leading 
from the side arm P, and O was then reopened, W 
the nitrogen being allowed to escape through a 


safety valve on the gas train. The sublimation se Ij 
Cottnation 
i 


tube was cut as previously described between the ’ 
middle and the tail fraction, the stream of — 
nitrogen thus released preventing the entry of air. AVY, 
The apparatus shown in Fig. 4 was then quickly Mac MERZ 
fitted over the open end of the tube as indicated. Middl 
The lower parts of this apparatus, T, V, R, and Q, tra tio. . 
though free to move independently, fitted each 
other closely, as did the upper part the sublim- 
ation tube, so that an atmosphere of nitrogen 
could be maintained inside provided that the 
stream of gas was fairly rapid. 

After time had been allowed for all the air to 
be expelled, the brass frame Q, carrying the three 
slides R (shown in end-section) and the cover V, 
was raised some inches above the hot plate S, Tr 
and clamped in that position. The tube T was V 
allowed to rest on the middle slide. By means of 
the scraper U, working in a rubber cap U’, a few 
crystals were scraped out of the sublimation 
tube and fell down T on to the middle slide. 
(Large crystals tending to stick in transit could s 
be pushed down by the rod W.) TJ was then fixed a 
at a higher level, and a cover slip was placed over 
the crystals with the aid of forceps, the cover V being momentarily lifted for this purpose. After 
a few minutes to allow any air thus introduced to be expelled, Q, R, and V were lowered on to the 
hot plate. When the substance had melted, Q, etc., were raised again to allow the film to 
crystallise. Several slides were thus prepared, and their contents also remelted and allowed to 
crystallise in the apparatus prior to measurements being made. When not in use they were 
stored in dry nitrogen. When measurements were made with these slides, nitrogen instead of 
oxygen was used for maintaining a dry atmosphere inside the cell E of Apparatus I (Fig. 1). 

General Procedure.—The glass slides and cover slips were cleaned and dried before use as 
described in PartI. In the experiments with the sublimed specimens, they were also baked in a 
stream of dry oxygen at 300° and then allowed to coolin the stream. This was done just before 
they were to be used for preparing the films, with the object of removing traces of organic dust. 

The maximum temperature of the hot plate used for preparing and remelting the films was 
about 90°, and the slides were removed from the plate as soon as melting was complete. This 
ensured that no decomposition of the nitroaniline occurred, as shown by the fact that no drift 
in the linear velocity of stabilisation accompanied successive remeltings of the same film. (As 
previously mentioned, the substance chars somewhat when heated in air, but this does not seem 
to occur below about 150°.) Films about to be measured were allowed to crystallise in a small 
air-oven set at 30—35° (radiation to this temperature gave the most suitable interface), and: were 











o-Mitroaniline 
and cover slip 
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then immediately placed in the projection apparatus. When using Apparatus I at 20° and 30°, 
15 minutes were allowed for the slide to reach the temperature of the thermostat before the 
“* zero ’’ position of the interface was marked on the screen. This time was based on observations 
of the thermometer C (Fig. 1, b and c) and on experience with the m. p. apparatus described in 
Part I (loc. cit., p. 730). At 0°, however, about 40 minutes were necessary to bring the slide to 
this temperature, because, owing to the danger of the formation of dew on the slide, it was not 
possible to add the ice to the thermostat until the cell E (Fig. 1) had been closed and swept out 
with dry gas. When using Apparatus II (measurements at 40°), since the film was very close to 
both water cells, 5 minutes were considered ample for the slide to acquire the cell temperature. 

The position of the interface on the screen was marked at the end of 8 hours at 0°, every 
hour (in some cases, every half hour) at 20° and 30°, and every 5 minutes at 40°. Only the one 
reading was made at 0° because the displacement of the interface at times under 8 hours was too 
small to be accurately measured, and it was not convenient to keep the thermostat at 0° for a 
longer period than this. 3—4 Minutes were needed to mark the position of the interface on the 
screen of Apparatus I, and about 45 seconds on that of Apparatus II, the length of interface in 
the latter case being much smaller. These times were appreciable fractions of the time intervals 
between readings, but the resulting error was reduced by always beginning to work at the same 
place and following round in the same way at as nearly as possible the same speed. A sharp 
pencil was used for Apparatus I (cartridge-paper screen) and a mapping pen for Apparatus II 
(tracing-paper screen). In both cases the projection lamp was only switched on when marking 
was in progress. The distances between the lines were measured directly with a 0-5-mm. scale 
etched on a glass slip. The measurements were made every 0-5 cm. along the lines, and the 
averages calculated with the aid of an adding machine. 

Density Determinations (with W. O. M. WIL.iaMs).—The value for the density of B-o-nitro- 
aniline (used later) was obtained with a modified form of Garner and Ryder’s volumenometer 
(J., 1925, 125, 726). The modification consisted in substituting for the single manometer partly 
inside and partly outside the thermostat, a mercury U-gauge inside the thermostat attached 
through an air column to the manometer proper outside the thermostat. This avoided the some- 
what uncertain correction for temperature differences in the same column of mercury, and 
enabled the apparatus to be readily removed from the thermostat. (In the present work, 
however, the temperature correction was negligible in comparison with the errors of the deter- 
minations.) Provided that the air column was screened from draughts and sunlight, no diffi- 
culty was experienced in keeping the mercury meniscuses steady while the cathetometer 
readings were being taken. 

Jaeger (Z. Krist., 1905, 40, 114) gave the density of o-nitroaniline (presumably the -y-form) 
as 1-442 at 15°, but did not state his method. Working with a finely powdered recrystallised 
sample, we obtained the values 1-449, 1-445, 1-444 (mean 1-446) for this form at 20°, and since 
these variations almost corresponded to the calculated error of the determination (about 1 in 
300) the apparatus was considered to be in order. 

The density of the 8-form could not be determined very accurately owing to its slow trans- 
formation into the y-form. After some preliminary experiments which indicated a value near 
1-3, two determinations were carried out as follows. Molten o-nitroaniline was chilled, thereby 
producing a mixture of the «- and the 6-form. This was at once powdered, transferred to the 
volumenometer, and pumped out for 20 hours, this period having been found to be necessary to 
remove all air from the powdered y-form in the previous determinations. (Previous observations 
on slides had shown that all the «- would be converted into the 8-form within this period, and that 
very little of the latter would be changed into the y-form.) The final readings were then taken. 
The results were 1-272, 1-283 (20°), and the rough mean, 1-28, suffices for the present purpose. 

Owing to the extremely labile nature of the a-form, no absolute determination of its density 
was possible, but a qualitative comparison of the densities of the a- and the 8-form was made by 
means of a dilatometer using mercury as the recording fluid. The bulb of the apparatus, in 
which the substance was confined above the mercury, consisted of a wide horizontal tube, and 
this was sealed at one end to a U-tube, the open limb of which was a capillary. The nitroaniline 
was melted and chilled under the tap. Since it occupied the long flat space at the top of the 
bulb, it responded quickly to changes of temperature, and from previous observations on the 
rapid cooling of thin films of the substance it was known that the chilling would produce a mix- 
ture of the «- and the 8-form containing a considerable proportion of the former. The apparatus 
was immediately placed in a thermostat at 20°, and after it had acquired this temperature, the 
mercury meniscus was observed for a few hours. A marked contraction showed that the a- 
form is the less dense. 
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Results. 


Fig. 5 is a reproduction of a part of the screen at the end of a typical experiment. Despite 
the irregularity of the interface movement, the fall in the average velocity with the time is 
evident. 

The results are collected in Table I. Cols. 2 and 3 give the times and linear movements 
(x 21-7—the magnification of Apparatus I) measured from the “‘ experimental zero,” 1.¢., 
from the line drawn on the screen when the slide had taken the thermostat temperature (Fig. 5). 
The figures in parentheses in col. 3 give the number of linear measurements on which each result 
is based. It will be noted that this number decreases rapidly with the time, corresponding to the 
decrease in the length of interface available for measurement due to the development of small 
6-patches mentioned previously. We endeavoured to make at least 400 measurements at the 
beginning of the reaction with each specimen at each temperature (this number was arbitrarily 
chosen as the minimum likely to give a good average), but the development of 6-patches was 
excessive in the sublimed specimens, and in certain cases so much so that this number could not 
have been attained without an unreasonable expenditure of time, and the attempt was 
abandoned. 





True zero 
Experimental zero 


Twice-sublimed specimen at 40°. Interface traced at 5 minute intervals, 
Centres of spherulites marked by ringed dots. 


On plotting the movement against the time, smooth curves were obtained from which very 
few of the points deviated. The deviations were both positive and negative and did not exceed 
0-4 on the movement axis. Where they occurred, values interpolated from the curves have been | 
substituted for the experimental values and are marked with an asterisk in col. 3. 

The experimental zero differed considerably from the true zero, 1.e., the original position of 
the interface, because considerable movement occurred while the slide was cooling and while it 
was acquiring the temperature of the thermostat. The true zero position could be clearly seen 
on the screen, since the beginning of the stabilisation process is always marked by a sharp change 
in the texture of the B-crystals. A recent study of the results has made evident the importance 
of measuring the interface movement from the true zero, but at the time the measurements were 
made, this was not realised, and the records of the position of the true zero areincomplete. How- 
ever, except at 0°, this position was marked on the screen in most cases (see, ¢.g., Fig. 5), and it 
has been possible to arrive at a fairly close estimate of the linear distance between this and the 
experimental zero. By extrapolating the movement-—time curves back to the true zero, the times 
which it would have taken the interface to move from the true to the experimental zero, if this 
movement had occurred wholly at the temperature of the thermostat, have been obtained. The times 
and movements thus computed as from the true zero are given in cols. 4 and 6 of Table I, and are 
plotted in Fig. 6. 

All the curves show a marked fall in the velocity with the time. There are considerable 
variations between different specimens at the same temperature, but there is no overlapping 
between the results for different temperatures. Also, no relation can be traced between the 
velocity and the degree of purity of the specimens. There is fairly close agreement between the 
recrystallised and the twice-sublimed specimens at all temperatures, but the once- and four- 
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TABLE I. 


Linear movement 
Time from (mm.) X 21°7 Time from 
exptl. zero measured from true zero t, 
Temp. (mins.). exptl. (mins.). calc.t 
Recrystallised specimen. zero. 


Linear movement 
(mm.) x 21°7 
measured from 
true zero. 


0° 


480 


20 0 
60 

120 

180 

240 


1:26 (425) 


0 

3°41 
6°07 
8°14 
9°87 


(1938) 
(1813) 
(1540) 
(1047) 


Once-sublimed specimen, 


0 
20 


30 


Twice-sublimed specimen. 


0 
20 


Four-times sublimed specimen. 


30 


300 


0 
60 
120 
180 
240 
300 


0 
5 
10 
15 
20 
25 


480 


0 
60 
120 
0 
60 
120 
180 
0 

5 
10 
15 


480 


0 
30 
60 
90 

150 


0 
30 
60 

120 
180 


0 
5 
10 
15 
20 


0 
30 
60 
90 

120 


11-43 (415) 
0 

5°26 (2381) 
8°51 (1855) 
10°70* (1469) 
12-28* (930) 
13-45* (86) 

0 

1°81 (482) 
384 (391) 
4°77 (318) 
6-10* (166) 
7°38* (103) 


163 (682) 
0 

2°31 (886) 
3°56 (240) 
0 

8:18 (298) 
13-08 (125) 
16°38 (63) 
0 

1°58 (263) 
2°90* (116) 
3°82 (71) 


2°35 (192) 


5°58 (217) 
9°66 (113) 
12°50* (18) 
15°36 (9) 


56 


176 
236 
296 


33 
93 
153 


273 


8°5 
13°5 


28°5 


122 
152 


59 


294 


33 


257 


8: 


24 
30 


41 


154 
198 


8 
24 
29 


32 
119 
151 


4°6 
8-01 
10°67 
12°74 
14°47 
16°03 
4°9 
10°16 
13°41 
15°60 
17°18 
18°35 
4°1 
5°91 
7°44 
8°87 
10°20 
11°48 


11°27 


9-0 
14°58 
18°66 
21°50 
24°30 


T See equation (i), p. 1870. 


times-sublimed specimens differ from them considerably, having higher velocities at 30°, and the 
former having lower velocities at 20° and 40°. Some of the curves suggest that the velocity is 
approaching a constant value, but on two slides (once- and twice-sublimed specimens respect- 
ively), which were exceptionally free from ®-patches in one part, it was possible to follow the 
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reaction for about 45 hours, and in each case the velocity was still falling at the end of this 
neriod. 

Effect of Film Thickness.—The normal thickness of the films studied was 0-01—0-02 mm.* 
After repeated remeltings, however, the films often became much thinner in parts, owing to loss 
of the substance by evaporation and to the slides and cover slips not being absolutely plane. 
These very thin parts, which could always be recognised by their giving interference colours 
when viewed obliquely, and by the order of their polarisation colours between crossed Nicols, 
were characterised by abnormally high linear velocities, often 2—3 times that in the rest of the 
film. Measurements made in these parts were ignored in calculating the average movements 
given in Table I (except possibly in a few early slides studied before the effect had been detected), 
because the higher velocity was thought to be a phenomenon allied to the abnormally low m. p.’s 
possessed by very thin films. 
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In order to test whether the unevenness of the slides and cover slips contributed to the 
irregularity of the interface movement in films of normal thickness, some films were prepared 
between optically true cover slips. No improvement on the ordinary slides was observed. 

Effect of Crystal Orientation.—As indicated in Parts I and II, the needles comprising the B- 
spherulites have the b axis as their axis of elongation, but for the a-needles this axisisc. The 
relative orientation of the «- and $-needles meeting at the interface appeared to have a marked 
effect on the linear velocity at the beginning of the reaction. Thus, when the two kinds of 
needles were in line, the movement was generally small; when they were at an angle of 120—160° 
to one another (this angle could only be roughly measured) the velocity was high, and fell again 
as the angle approached 90°. These effects are clearly shown in Fig. 5. With regard to the 


* We take this opportunity of correcting some values of film thicknesses given in Part I, p. 731. 
The figures should have been 0-02 to 0°025 mm. 
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high value at 120—160°, it is perhaps significant that when the angle between a §- and an «- 
needle showing the maximum extinction angle (a very common orientation on the slides) is 154°, 
the ac plane of the former is parallel to a prominent cleavage plane of the latter. 

On one occasion an «- and a $-needle were found lying side by side with good contact. Both 
crystals were fairly large, and the B- was better developed than usual. No linear movement of 
the 8- into the «-crystal could be detected, although stabilisation began later from a number of 
nuclei on the «-crystal. This particular relative orientation appears, therefore, to be associated 
with a very low linear velocity, although it is not impossible that the large size of both crystals 
and the good development of the B-crystal may have been connected with the effect, for small, 
imperfectly developed crystals have more surface energy, which might lead to a more rapid 
transference of molecules from one lattice to the other. 


DISCUSSION. 


The Fall of Velocity at Constant Temperature——The experiments with progressively 
purified specimens showed that the main cause of the fall in the linear velocity at constant 
temperature was not the presence of traces of impurity, although these may have had a 
minor effect. This is made particularly clear by the values of the quotient (s in second 
hour) /(s in first hour) at 30°—where s is the linear distance moved by the interface from the 
true zero. These are: recrystallised, 0-53; once sublimed, 0-57; twice sublimed, 0-62; 
four times sublimed, 0-51. 

Instead, it is suggested that the fall is due to the fact that the «- is less dense than the 
8-form, so that, as the reaction proceeds, an ever-widening gap develops at the interface, 
rendering the transfer of molecules from one lattice to the other increasingly difficult. 
If this is the case, we may suppose that the time required to form a layer of molecules on the 
8-lattice is the sum of (a) a constant term, Kg, and (b) a term depending on the width of the 
gap, w, at that stage. Now, from the way in which the interface is established, it may be 
assumed that the two forms are in contact * at the beginning of the reaction, so that w is 
directly proportional to s, and term (6) is a function of s. It has been found empirically 
that if the term (0) is taken as Ks, where K is a constant, the resulting equation connecting 
the time, ¢, and s is mainly in harmony with the experimental results. Regarding the form- 
ation of a single layer of molecules as an infinitesimal step in the transformation process, we 


have then 
dt/ds = Ks® + Kg. 


Integrating (¢ = 0 when s = 0), we obtain 


t = Ks*/3 + K,s, 


or, replacing K/3 by K,, 
fee +Os. 2. 2s Hs ee le lO 


The values of ¢ calculated by means of equation (i) are given in col. 5 of Table I, and may be 
compared with the experimental values in the preceding column. [K, and K, were 
calculated in each case by inserting the second and the third experimental values of ¢ and s 
(selected as being the most reliable) in equation (i). Consequently, no calculated values of 
¢ appear opposite these figures in the table.] It will be seen that satisfactory agreement 
with the equation is given at low values of ¢ in practically every case. At higher values of f, 
good agreement is given by the recrystallised specimen at 20°, the once-sublimed specimen 
at 30° and 40°, the twice-sublimed specimen at 40°, and the four-times-sublimed specimen ; 
whilst the recrystallised and twice-sublimed specimens at 30° show positive deviations, and 
the recrystallised specimen at 40° and the twice-sublimed specimen at 20° negative devi- 
ations. The once-sublimed specimen at 20° did not yield values beyond the third. Table 
II gives the values of K, and Kg. 


* By this is not meant that the two forms are in perfect contact—there is almost certainly a layer of 
permanent gas molecules between them—but they may be thought of as being so close that a molecule 
which leaves one lattice condenses on the other immediately. 
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TABLE II. 


Constants in the equation ¢ = K,s* + Kgs. 
[¢ in mins., s (xX 21°7) in mm.] 
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TABLE III. 
Velocities at s = 0 (in mm./hour). 
Specimen. “90°. 30°. 40°. 
Recrystallised ..........ssseseeeeeeeee 0°28 0°53 1°67 
Once sublimed ..........ccccccsccscece 0°25 0°85 1-30 
Twice sublimed —.........cesccscccecee 0°22 0°42 2°08 
0°26 0°54 1°74 





Average 






has been taken into account.] 


The Critical Increment of the Reaction.—By drawing tangents to the curves in Fig. 6 
at the origin, the velocities at the true zero (s = 0) have been obtained and are given in 


Table III. The corresponding critical increments obtained from graphs of log velocity 
against 1/T (Fig. 7) are given in the last column. The velocities have also been calculated 
by means of the differential form of equation (i), both at s = 0 and s (x 21-7) = 20 mm., 
and they yield almost the same critical increments as those given in Table III. From these 


[The four-times-sublimed specimen is omitted since it was only studied at 30°. 
the average velocities (last line), the number of measurements on which each individual result is based 


K,. Ky. 
Specimen. 20°. 30°. 40°. 20°. 30°. 40°. 
Recrystallised  ............eseeeeees 0°040 0°030 0:0099 11°9 6:08 1°95 
Once sublimed Vicious cpeelenetiecs, 0°36 0°0082 0°014 8°7 4°03 2°33 
TweOO GUD! 6.6... ccccscccccccece 0°061 0°0151 0:0080 13°5 6°97 1°55 
Four times sublimed ............... — 0:00505 — -— 3°18 — 

















Critical 
increment, cals. 


14,900 + 17 300 


20,300 
17,700 


In calculating 
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figures it may be concluded that the critical increment of the reaction between 20° and 40° 
probably lies between 17,000 and 18,000 cals./mol., and is certainly of this order. Now, 
from determinations of the vapour pressures of liquid o-nitroaniline (Berliner and May, 
J. Amer. Chem. Soc., 1925, 47, 2350; Williams, unpublished) and of the latent heat of 
fusion (Andrews, Lynn, and Johnston, 7bid., 1926, 48, 1274), it may be calculated that the 
internal latent heat of sublimation of the 8-form is about 19,000 cals./mol. (The specimen 
used by the last workers melted at 69-3° and was therefore almost certainly mainly -.) 
The close correspondence between this value and the critical increment is of considerable 
interest and the following explanation is suggested. 

Langmuir (J. Amer. Chem. Soc., 1916, 38, 2221) gave the following equation for the 
effect of temperature on the rate of evaporation (v) of a solid into a vacuum, 


v= AVT. eve? 


where A is a constant and 2 is the internal latent heat of sublimation. Since the variation 
of \/T is very small in comparison with that of e/®?, we may write without serious error 


ik. meee A oe: ee a ae 


where Bisaconstant. Thus is the critical increment of the evaporation process. Strictly, 
this equation relates to the evaporation of atoms from a simple atomic lattice, but, as 
Langmuir pointed out, the evaporation of molecules from the molecular lattice of an 
organic compound must be a similar process, and we may consider that the equation is at 
least substantially applicable to this case also, if v is taken as the average velocity of evapor- 
ation from the different crystal faces. 

Consider the reaction at s= 0. If, as we have supposed, the two forms are then in 
contact at the interface, molecules which break away from one lattice will immediately 
condense upon the other, and the reaction may be likened to an exchange of shots at point- 
blank range. We may assume that the energy of activation of the breaking away process 
is equal to the internal latent heat of sublimation, and if the molecules acquire it at the same 
rate as if the solid surface were in contact with free vapour, then the rate of the reaction 
will be determined by v, — vg, where these are the rates of evaporation into a vacuum of the 
«- and the $-form respectively. From equation (ii) we have 


U, — Vg = Bye *v*®? — Bae RT, 


and if 4, and A, differ very little, as is likely since the heats of polymorphic transitions are 
usually small, we may write as a first approximation 


Uv, — vg = (B, — B,)e™/*?, 


and thus the critical increment of the reaction will be of the same order as 4g. This con- 
clusion would not be affected if, owing to the proximity of the lattices to one another, 
molecules acquired the latent heat of sublimation at rates different from v, and vg, for this 
would only alter the values of B, and Bz. However, the following calculation shows that 
v, may be quite large enough to account for the observed linear velocity. 

By extrapolation of the vapour-pressure results mentioned above, it may be found that 
the vapour pressure of supercooled liquid o-nitroaniline at 30° is 0-0073 mm. That of the 
a-form must be less than this, but not necessarily very much so. The rate of evaporation 
corresponding to this pressure, calculated from the equation v =: ~>/M/2xRT (Langmuir, 
loc. cit.),is 12-47 x 1017 molecules/cm.*/sec. The density of the 8-form is 1-28 (see p. 1866), 
and from this the average spacing between layers of molecules in the crystal is 5-62 x 10° 
cm., and the average number of molecules in a layer 1 cm. square is 3-17 x 10'. Thus the 
number of layers of the 6-form which would be completed in one second if the «-form had 
the above rate of evaporation and there were no passage of molecules from 8- to «- would be 
12-47 x 10!7/3-17 x 10% = 3-93 x 10°. This corresponds to a linear rate of 3-93 x 10° x 
5-62 x 10% cm./sec. == 2-21 x 10° mm./sec., or 7-95 mm./hour. The observed rate 
(Table ITI, last line) is 0-54 mm. /hour. 
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The idea that the linear rate is governed by the difference between the rates of evapor- 
ation of the two forms is in harmony with the reversal in the sign of the temperature co- 
efficient of the linear rate shown by enantiotropic substances below the transition point. 
In these cases the rate first increases with rise of temperature and then decreases as the 
transition point is approached. Now, if log v be plotted against 1/T for the two forms, 
two lines of, in general, slightly different slopes, corresponding to the small difference 
between Aunstable ANd Astabie are Obtained, and these lines intersect at the transition point. 
As this point is approached from below, log Vunstabie — 10g Vgtabie Must, of course, decrease 
continuously, but vVynstable — Ustable first increases and then decreases. At some distance 
from the transition point, the plot of log (Vunstatie — Ustable) against 1/T gives approximately 
the same slope as the log v, 1/T lines, and this will also happen in the case of a monotropic 
substance (transition point above the m. p.), which, in the absence of evidence of a transition 
point, we assume o-nitroaniline to be. 


The senior author wishes to acknowledge much stimulating discussion of the theoretical 
aspects of this research with Mr. R. Wilson of this College, and Mr. F. James of the Research 
Department, Woolwich Arsenal. 


UNIVERSITY COLLEGE OF SWANSEA, UNIVERSITY OF WALES. [Received, September 24th, 1935.] 





NOTES. 


The Behaviour of Keten in the Friedel-Crafts Reaction. By F. S. Sprinc and T. VICKERSTAFF. 


Hurp (J. Amer. Chem. Soc., 1925, 47, 2777) examined the reaction of keten with benzene in the 
presence of aluminium chloride and concluded that acetophenone was a product, though he 
was unable to isolate it in a pure state. Packendorff, Zelinsky, and Leder-Packendorff (Ber., 
1933, 66, 1069) isolated from the product of the same reaction a ketonic fraction and reduced it 
catalytically; fractionation then gave ethylbenzene (representing the acetophenone present in 
the ketonic mixture) and a liquid ketone which they believed to be 2-keto-1 : 2: 3: 4-tetra- 
hydronaphthalene, since the oxime had m. p. 74° (they quote m. p. 77-5—78° as the literature 
constant; Bamberger and Voss, Ber., 1894, 27, 1547, and Bamberger and Lodter, Annalen, 
1895, 288, 115, give m. p. 87-5—88°). 

We have re-examined the reaction and isolated acetophenone and some p-ethylacetophenone, 
the formation of which is no doubt due to the presence of ethylene in the keten. 

Keten was prepared by the thermal decomposition of acetone (Hurd, ‘‘ Organic Syntheses,” 
IV, 39), an electrically heated furnace being used instead of coal gas; the furnace was wired 
with three independent heating sections. The best yields of keten were obtained when only 
the centre section was heated, this being adjusted to give a constant temperature of 850°, and 
when the acetone was passed through the system quickly (4—5 c.c. min.), These observations 
are in accord with those of Rice, Greenberg, Waters, and Vollrath (J. Amer. Chem. Soc., 1934, 
56, 1760), who found that the main condition for high percentage yield of keten was a small 
fractional decomposition of the acetone. 

Keten was passed slowly into a suspension of aluminium chloride (120 g.) in benzene (100 
c.c.), maintained at 0° and rapidly stirred until the evolution of hydrogen chloride ceased. 
The product was poured on ice and extracted with benzene, and the extract washed with water, 
dried, and distilled. After removal of the benzene the following fractions were collected : 
(a) 15 g., b. p. 80—100°/15 mm.; (b) 7 g., b. p. 110—120°/15 mm.; (c) 6 g., b. p. 120—180°/ 
15mm.; (d) 4g., b. p. 180—220°/15 mm. 

Acetophenone. When fraction (a) was redistilled, the bulk passed over at 90°/15 mm. This 
fraction was converted quantitatively into acetophenonesemicarbazone, which, crystallised 
once from methy] alcohol, formed needles, m. p. and mixed m. p. 201° (Found : N, 23-7. Cale. : 
N, 23-7%). 

p-Ethylacetophenone. Fraction (b) on redistillation gave a main fraction, b. p. 110°/15 mm. 
(237°/767 mm.; Beilstein gives b. p. 236°/760 mm. for p-ethylacetophenone). The semi- 
carbazone, after two crystallisations from methyl alcohol, had m. p. 196°, undepressed by 
p-ethylacetophenonesemicarbazone prepared in the usual manner from p-ethylacetophenone (Klages 
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and Lickroth, Ber., 1899, 32, 1558); this semicarbazone separated from methyl alcohol in 
needles, m. p. 196° (Found: C, 63-9; H, 7-1; N, 20-4. C,,H,;ON, requires C, 64-4; H, 7:3; 
N, 20-5%). Oxidation of the fraction, b. p. 110°/15 mm., with chromic acid mixture gave 
terephthalic acid (methyl ester, m. p. 140°). 

When fraction (c) was redistilled, the boiling point rose steadily. No definite product 
was isolated. , 

The Reaction of Phenol with Keten.—In view of Van Alphen’s statement (Rec. trav. chim., 
1924, 48, 861) that phenol is not acetylated by means of keten we re-examined the reaction : 
quantitative acetylation occurred when keten was passed into liquid phenol at 80° (cf. Rice, 
Greenberg, Waters, and Vollrath, Joc. cit.) THe University, MANCHESTER. [Received, July 
16th, 1935.] 





Apparent Cases of Liquid-crystal Formation in p-Alkoxybenzoic Acids. By BRYNMOR JONES. 


Two apparent cases of liquid-crystal formation have already been recorded (Bradfield and 
B, Jones, J., 1929, 2660); p-n-propoxy- and p-n-butoxy-benzoic acids melt sharply to milky 
liquids which at somewhat higher temperatures suddenly become clear. The same phenomenon 
is now observed with other members of this series. The temperatures at which the solid changes 
into the cloudy liquid, and the individual m. p.’s are recorded below, together with analytical 
data for the new compounds. 


Found.* 
Transition 
Acid. i M.p. C,%. 
p-n-Propoxybenzoic 156° 
p-n-Butoxybenzoic 160 
p-n-A myloxybenzoic 148 
p-n-Hexyloxybenzoic 150 
p-n-Heptyloxybenzoic 145 . 
p-n-Octyloxybenzoic 145 : 
p-Cetyloxybenzoic 131 76° 


* Micro-determinations by Dr. A. Schoeller. 
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The corresponding meia series would not be expected to exhibit this phenomenon, and this is 
borne out by examination of the propoxy-, butoxy-, and amyloxy-acids. 

The observations are best made with a narrow capillary tube containing three or four times 
the amount of material usually taken for a m. p. determination, any artificial illumination being 
cut off when the solid changes to the opalescent liquid. As the temperature is raised, the 
milkiness diminishes slightly, and then suddenly disappears completely. If the temperature is 
allowed to fall 0-5—1-0° at this point, the clear liquid appears to become a mass of fine crystals, 
which disappear when the temperature is again raised. 

The acids, with one exception, were prepared by boiling under reflux for 2—3 hours 1 mol. of 
p-hydroxybenzoic acid, dissolved in 2 mols. of aqueous potassium hydroxide, with 1-1 mols. of 
the alkyl iodide. Under these conditions little or no esterification takes place, and the free 
acids, liberated by the addition of concentrated hydrochloric acid, were crystallised thrice from 
small volumes of glacial acetic acid. All five acids crystallise from this solvent in aggregates of 
colourless prisms. Freshly crystallised, they appear under the microscope as radiating blades. 
For the preparation of p-n-heptyloxybenzoic acid from n-heptyl chloride prolonged heating was 
necessary.—THE UNIVERSITY, SHEFFIELD. [Received, October, 17th, 1935.] 





An Improved Preparation of Diacetone-glucose. By D. J. BELL. 


Tue condensation of glucose with acetone has been the subject of much investigation. Previous 
workers have found that, owing to its greater solubility, the 6-form of the sugar is almost essential 
to obtaining an appreciable yield when the following catalysts are employed : hydrogen chloride 
(Fischer and Rund, Ber., 1916, 49, 93; Levene ef al., J. Biol. Chem., 1921, 48, 236, and later 
papers), anhydrous copper sulphate (Ohle, Ber., 1924, 57, 1566), and phosphoric oxide (Smith 
and Lindberg, Ber., 1931, 64, 505). The yields obtained by these methods are indifferent and 
variable, and the reaction requires a considerable time (48 hours). Levene and Meyer (/. 
Biol, Chem., 1931, 91, 617), using acetone containing 0-5% of sulphuric acid and anhydrous 
copper sulphate, obtained diacetone-glucose in 70% yield, starting from a-glucose, but here, 
again, the reaction requires 24 hours (cf. also Freudenberg and Smeykal, Ber., 1926, 59, 107). 
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By the use of 4% of sulphuric acid, the author has, in 5 hours, obtained diacetone-glucose in 
72% yield (in repeated experiments) : 100 g. of «-glucose are shaken with 2 1. of acetone (B.P.) 
containing 80 ml. of concentrated sulphuric acid. In 4—5 hours, only a trace of undissolved 
material remains. Without filtration, the acid is neutralised with anhydrous sodium carbonate, 
the solids removed, and the filtrate evaporated to dryness. The residue is taken up in cold 
water (a small amount of dark yellow oil remains undissolved), the solution extracted three times 
with benzene to remove acetone auto-condensation products, and the extract washed twice 
with a little water, which is united with the original aqueous layer. The combined aqueous 
extracts (1 vol.) are shaken with norit, filtered, and extracted six times with chloroform (1/5 
vol.); the chloroform extract, after dehydration over anhydrous sodium sulphate and evapor- 
ation to dryness in a vacuum, yields 102—106 g. of almost pure diacetone-glucose. The aqueous 
layer, after evaporation in a vacuum and crystallisation of the residue from alcohol, yields 
about 20 g. of monoacetone-glucose. 


The author acknowledges the award of a Senior Scholarship by the Commissioners for the 
Exhibition of 1851.—MariscHaAL COLLEGE, UNIVERSITY OF ABERDEEN. [Received, October 11th, 
1935.] 





3-Nitro-4-aminodiphenylmethane and its Derivatives. By WILLIAM A. WATERS. 


THE smooth mononitration 4-acetamidodiphenylmethane, which cannot be effected with nitric 
acid, either alone or in acetic acid solution (J., 1933, 1064), proceeds quantitatively by Menke’s 
method (Rec. trav. chim., 1925, 44, 141). 

3-Nitro-4-acetamidodiphenylmethane.—(a) 3 G. of 4-acetamidodiphenylmethane were added 
with shaking to 2 g. of copper nitrate crystals (trihydrate) in 8 c.c. of acetic anhydride; after 
being kept for 1 hour at 25°, the green solution was poured into water. 

(b) 18 G. of 4-aminodiphenylmethane were treated with 20 c.c. of acetic anhydride; after 
10 minutes the warm solution was poured into 12 g. of copper nitrate crystals in 25 c.c. of acetic 
anhydride, and a further 20 c.c. of acetic anhydride were then added. The mixture was kept 
for 1 hour at 25° and poured into water. 

Both processes yielded one pure mononiiro-compound, which crystallised from dilute methyl 
alcohol in yellow plates, m. p. 99° [Found (micro-analyses by Dr. G. Weiler) : C, 66-5; H, 5:1; 
N, 10-1. C,;H,,0,N, requires C, 66-6; H, 5-2; N, 10-4%]. 

3-Nitro-4-aminodiphenylmethane was obtained by refluxing the acetyl derivative (6 g.) with 
sulphuric acid (5 c.c.) in alcohol (50 c.c.) for an hour. It formed deep orange plates from 
concentrated solutions in methyl alcohol, and fine needles from more dilute solutions; m. p. 
78° (Found: N, 12-3. C,,H,,0,N, requires N, 12-3%). On treatment with bromine in glacial 
acetic acid solution it yielded 5-bromo-3-nitro-4-aminodiphenylmethane, which crystallised from 
dilute methy] alcohol in bright orange-yellow needles, m. p. 71° (Found : Br, 26-2, C,3;H,,O,N,Br 
requires Br, 26-0%). 

Further Nitration of 3-Nitro-4-acetamidodiphenylmethane.—(a) 3 G. of the mononitro-com- 
pound, dissolved in a mixture of concentrated sulphuric and glacial acetic acids (equal vols.), were 
treated with 1 c.c. of fuming nitric acid and maintained at 30—40° for an hour. 2-5G. (yield, 
80%) of 3 : 4’-dinitro-4-acetamidodiphenylmethane, m. p. 150° (Waters, Joc. cit.), were isolated 
from the solid produced when the mixture was poured into water. 

(b) 6 G. of the mononitro-compound were added to 4 g. of copper nitrate crystals in 15 c.c. 
of acetic anhydride; the mixture was maintained at 25° for an hour and poured into water. 
The product, fractionally crystallised from methy] alcohol, yielded 0-9 g. (30%) of 3 : 4’-dinitro- 
4-acetamidodiphenylmethane and 0-6 g. (20%) of an isomeride, separating as fine bright yellow 
needles, m. p. 81—82° (Found: N, 13-5. C,;H,,;0;N; requires N, 13-3%). This is almost 
certainly 3 : 5-dinitro-4-acetamidodiphenylmethane, since Menke’s nitration process favours the 
production of o-derivatives.—UNIVERSITY CHEMICAL LABORATORIES, DURHAM. [Received, 
September 21st, 1935.] 
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Brauner Memorial Lecture. 
DELIVERED ON NOVEMBER 14TH, 1935. 
By S. I. Levy, M.A., Ph.D. 


THE classification of the elements according to their atomic weights, and the Periodic 
System on which that classification is based, are associated in the mind of every student 
of ‘hemistry with the name of Mendelejeff, the Russian genius by whom they were first 
given to the world in their completed form. Mendelejeff published his first accounts in 
Russian in the years 1869 and 1870; he used the periodic table as the basis of his present- 
ment in his well-known textbook, “‘ Principles of Chemistry,” published in 1869, and in 
that year he published a short paper in German, announcing his generalisation to the 
Western world. In 1870 Lothar Meyer compiled his well-known atomic volume curve, 
including it in a paper in which he referred to Mendelejeff’s paper of the previous year. 
In the following year, 1871, Mendelejeff gave a full, clear and reasoned account of the law 
and the classification in an essay of 100 pages, published in the 8th supplemental volume 
of Liebig’s Annalen. 

It may be imagined that the chemists of his time would have welcomed at once and 
eagerly a generalisation so far-reaching and so fundamental for chemical science. In 
fact, they did not; for several years there was no response to it whatever. It is true that 
after this publication Mendelejeff himself did little to make his work familiar to the chemists 
of his generation in Western Europe. So wide were his other scientific interests, and so 
great his absorption, during his later years, in the problems of national education and in 
the organisation of scientific work in Russia, that the periodic law had become for him 
almost a minor issue long before it had been generally accepted. It was largely owing to 
the labours of another Slavonic chemist, his friend and disciple, that the classification be- 
came eventually the guiding principle of inorganic chemistry, and that the importance of 
fixing exactly the atomic weights of all the known elements was seen to require and justify 
the labours of a permanent international committee. That friend and disciple was the 
great Czech chemist Bohuslav Brauner, to whose memory we are met to-night to do 
honour.* 

Bohuslav Brauner was born on May 8th, 1855, at Prague. His father, Dr. Francis 
Brauner, a well-known lawyer in that city, played a considerable part in politics as a 
leader of the Czech party. His mother was a daughter of K. A. Neumann, first professor 
of chemistry at the Polytechnic Institute of Prague, who was a nephew of Caspar Neumann, 
professor of pharmacy in Berlin, early in the 18th century. 

Young Brauner’s attention, whilst he was still a child, was directed to chemistry by 
his grandfather Neumann, who died when the boy was 11. At an early age, therefore, 
he became familiar with chemical conceptions, and acquired a love for scientific knowledge 
which determined his career. When he was 15 he succeeded in obtaining permission to 
take chemistry at school as a special subject. Both at home and at school he studied 
languages, and laid the foundation for the astonishing proftciency which he afterwards 
attained; besides Czech, he read and spoke fluently Russian, English, French, and German. 

At the age of 18, Brauner went to the Czech Technical School, and a little later to the 
German University at Prague. At the University he attended the lectures of Stolba in 
inorganic chemistry, of Lieben and Linneman in organic chemistry, and of Ernst Mach in 
physics. His first papers were published in 1877. They included accounts of work on 
the estimation of arsenic as magnesium pyroarsenate, and of cobalt in the cobaltinitrites, 
and of some experiments on fluorescence carried out under Ernst Mach. 

The tendency to specialise on organic research aroused by the systematisation of that 
branch of the science was at that time very strong in most of the Universities of Europe. 


* I am indebted for much information, and for much kind help in preparing this lecture, to Professor 
J. Heyrovsky of Prague, a former pupil of Professor Brauner, and his successor at the Charles Univer- 
sity. Professor Arthur Smithells has very kindly assisted me and has placed at my disposal a selection 
of letters, and Dr. Gerald Druce, a former pupil of Professor Brauner, has also given me much help. 
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Though even at this early stage of his scientific career, Brauner’s inclination was towards 
inorganic work, his desire to obtain the doctorate led him to research work under Linneman, 
whom he assisted in the study of the reactions of tsobutyl iodide. In 1878 he published a 
paper on the direct conversion of that substance into trimethylcarbinolamine, and in the 
following year papers on the reaction between isobutyl iodide and silver cyanate and on the 
molecular orientation of the isobutyl group. These were the only papers on organic 
chemistry which Brauner ever published, and he has himself placed it on record that the 
work awakened in him no liking for that branch. Possibly this was because at that time 
he first became acquainted with the work of Mendelejeff, which so fired his imagination 
that it determined the whole course of his scientific work thereafter. 

In 1876 the discovery of gallium by Lecoq de Boisbaudran was announced in the.press, 
with the additional information that the properties of the new element had been predicted 
many years before by the Russian chemist Mendelejeff, Gallium had been found in fact to 
correspond in almost every particular with Mendelejeff’s eka-aluminium, In this sensational 
way Brauner first heard the name of Mendelejeff. At once he set himself to discover more 
about the work which had produced so striking a result, and soon succeeded in finding 
the memorable paper of 1871 in the Aunalen. In an obituary essay which he wrote in 
1907 on the death of Mendelejeff, Brauner has given an account of the change in his outlook 
produced by this clear and masterly exposition :— 


“‘ The reading of this article made an enormous impression on me, which can hardly be 
described. It opened the view to a new world, and to new fields in chemistry hitherto 
absolutely unknown to me. It was as if the scales fell from my eyes, and I suddenly saw 
clearly the vast series of wonderful problems of general chemistry. All the problems of 
organic chemistry I had started to investigate seemed of little importance in comparison 
with those problems of Mendelejeff. I am not ashamed of my youthful enthusiasm; on 
the contrary, I feel proud that, notwithstanding that thirty years have passed since then, 
my admiration for Mendelejeff and his work has not changed, save to grow still more 
profound, 

After reading this wonderful paper, and being at that time not a very hopeful adept 
of organic chemistry, I soon recognised the direction which I ought to follow in my work. 
I fixed my life’s aim at that moment; it was to be the experimental examination of the 
problems connected with Mendelejeff’s system, and the most important of these seemed to 
be ‘ What is the position of the so-called rare elements, and especially of those of the rare 
earths, in Mendelejeff’s system?’ ” 


To us, to whom the periodic classification has been made so familiar that we can hardly 
conceive of chemistry without it, the enthusiasm disclosed in this passage may seem at first 
sight more than a little surprising. It is true that to the enthusiasm of youth Brauner 
added the zeal and keenness of a particularly sanguine and eager temperament. The 
feelings which he describes, however, were evoked to some degree in many of his con- 
temporaries, to whom the chemistry of the schools and universities must have appeared 
as a science of vague and uncertain aims and extent, resting mainly on experimental 
observation, and inspired rather by analogy and hypothesis than by recognised fundamental 
laws. The atomic theory, based on definite laws of behaviour though it was, was still a 
mere theoretical conception, unrelated to the physical and chemical properties of the 
elements, and presenting no firm basis on which the mind could rest to survey the chemical 
domain as a coherent and definite whole. 

Into the vague and still formless field of chemistry as then presented to the student, 
the Periodic Law introduced a comprehensive unifying idea which clarified and defined 
the whole range of the science, bringing order and clearness where before had been only 
speculation and uncertainty. The clarity and sureness of the reasoning with which 
Mendelejeff presented his great co-ordinating thesis, the boldness with which he declared 
that the accepted atomic weights of roughly one-fifth of the known elements must be 
wrong, and with which he proposed others, all of which have been shown to be approxi- 
mately correct, and the foresight with which he foretold the existence of elements th 
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unknown, whilst limiting the total number likely to be found capable of existence, all 
these excite the wonder and admiration of those who read his famous paper even to-day. 
When we consider further that it was the discovery of the first of the “‘ foretold ’’ elements 
which attracted Brauner’s attention, we may perhaps more easily understand the zeal and 
enthusiasm with which the younger Slav resolved to devote his life to the great prospect 
opened out by the genius of the older. 

As soon as the opportunity for acting on this resolution presented itself, Brauner left 
Prague for Heidelberg, where the great reputation of Bunsen had established the foremost 
school of inorganic chemistry in Europe. Here he remained for two years, 1878-9, attend- 
ing the lectures given by Bunsen, and acquiring the technique in analysis and manipulation 
which the great experience and unrivalled aptitude of the famous German made available 
to his pupils. Though he started work on the rare earths, his enthusiasm for the periodic 
law found little encouragement. Bunsen in his lectures never even referred toit. Brauner 
has recorded that on one occasion, when he pointed out how well the atomic weights of the 
elements of the rare earths confirmed the positions assigned to them in the table, Bunsen 
answered, ‘‘ Leave those conjectures alone.” On another occasion, when the regularities 
co-ordinated by the periodic classification were mentioned before Bunsen, he observed, 
“You can find that sort of regularity in Stock Exchange quotations.” The chemical 
world, in fact, was still very far from recognising the truth and value of Mendelejeff’s work, 
though ten years had elapsed since his first publication. 

In 1880 Brauner obtained his Ph.D. at Prague. In the autumn of that year he came to 
England, and started work at Owens College, Manchester, to which he was attracted by the 
work of Sir Henry Roscoe on vanadium. His choice was the more fortunate in that he was 
elected to a Bishop Berkeley research fellowship of the college. Here he continued his 
work on the rare earths, and began the publication of the series of papers which was to 
bring him international reputation in that field. 

The atmosphere of Roscoe’s laboratory proved in the highest degree congenial, and in 
the two years he spent there Brauner developed an admiration for English methods and 
institutions which endured throughout his life. Of his contemporaries there, he became 
more especially intimate with Arthur Smithells and Sydney Young, with whom he main- 
tained close friendships after leaving Manchester. The impressions made on him during 
his stay in Manchester were always in his memory. He delighted to recall that it was in 
company with Smithells that he bought his first copy of Nature, to which journal he re- 
mained a faithful subscriber; he claimed to have read every issue, except during the war, 
for more than fifty years. When he returned to Bohemia, he adopted English as the 
language of his laboratory, and dedicated much of his leisure time to outdoor sports and 
pastimes to which he had become attached whilst in England, including cycling, swimming, 
and Association football; he was also a keen hunter, and very fond of-skiing and of 
climbing. 

On his return to Prague in 1882, Brauner was appointed lecturer at the Charles Univer- 
sity; in 1890 he became assistant professor, and in 1897 was appointed to the chair in 
chemistry, which he occupied until his retirement in 1925, at the age of 70. In 1886 he 
married Ludmila, the adopted daughter of Professor Safarik, his predecessor; his wife 
died in 1920, leaving two sons and a daughter. 

In 1881, whilst he was still at Manchester, Brauner had entered into correspondence 
with Mendelejeff, and in the autumn of 1883, the year following his appointment at Prague, 
was able to visit him in St. Petersburg. Mendelejeff welcomed him warmly, and the 
relations between the two became intimate and cordial. Mendelejeff was at that time 
about fifty years of age, and was so much occupied in his attempt to introduce scientific 
methods in Russian administration and education that he was quite unable to find 
opportunity for research work. He was only too happy, therefore, to encourage the zeal 
and enthusiasm of the younger man in the attack on the problems raised by the periodic 
system, and particularly on the problem of the place of the rare-earth elements, which both 
felt to be the most difficult and obscure question of inorganic chemistry. 

The two Slavonic chemists remained in close correspondence thereafter, but were able 
to meet very infrequently. It was not until 1900 that they again saw one another. In 
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that year Mendelejeff visited Berlin for the celebration of the Prussian Academy, and went 
to Prague to visit Brauner. At that time Mendelejeff was 66 and Brauner 45 years old. 
Their third and last meeting was again in St. Petersburg, on the occasion of Brauner’s visit 
in 1902 to deliver before the Russian Science Congress a lecture on the Position of the 
Rare Earth Elements in the Periodic Table, to which I shall refer again later. 

At the time Brauner began his work, the term “‘ rare earths ”’ was rather loosely applied 
to those earths or oxides which were not of very common occurrence. The chemists of the 
18th century and of the first half of the 19th century used the term earth, or earth oxide, 
to cover generally the basic oxides other than those of the alkali metals and of the heavy 
metals. The better known earths were the alkaline earths lime, strontia, and baryta, 
with which magnesia was generally included, and alumina. The lesser known or rare 
earths included beryllia, zirconia, thoria, and the ceria and yttria oxides. Berzelius re- 
garded all these bases as having the formula RO, that is, as oxides of bivalent metals, with 
the exception of zirconia, which because of its less strongly marked basic character was 
thought to have the formula Zr,O3. Beryllia was later considered by Rose to have the 
formula Be,O, on the same ground, and because of its general similarity to alumina. In 
1857 Deville and Troost determined the vapour density of zirconium chloride, which showed 
that the element must be quadrivalent. 

The ceria and yttria oxides had been found to be heterogeneous by Mosander during the 
years 1839—1843. Ceria he separated into ceria proper, lanthana and didymia, whilst 
yttria yielded yttria proper, erbia and terbia. All these oxides, from their strongly basic 
character, were thought to be analogous to the alkaline earths, and to conform to the 
formula RO. 

When Mendelejeff constructed his first periodic table in 1869, therefore, he was certain 
of the atomic weight of only one of these elements, namely, zirconium. Thorium he 
placed also in Group IV, from the general analogy of its compounds with those of zirconium, 
and from the isomorphism of the two oxides. He concluded that beryllium must be 
bivalent, since no place could be found in the table for a tervalent element of equivalent 
weight about 4-7; the atomic weight must therefore be about 9-4, and the element fell 
into place at the head of Group II. 

The remaining rare-earth elements presented more difficulty, not only because they 
were regarded as bivalent, but because of the uncertainties with regard to their individuali- 
ties, and to the values of the equivalent weights. Erbium and terbium were regarded as 
particularly doubtful, Bahr and Bunsen having questioned the work of Mosander. If 
the elements were in fact bivalent, no place could be found for any of them in the table. 

The equivalent weight of yttrium as determined by the earlier workers varied from 
30-8 to 34. The gap between Sr, atomic weight 87, and Zr, atomic weight 90, should be 
filled by a tervalent element of atomic weight between these two figures, say 88-5; this 
element would therefore have an equivalent of 29-5. Mendelejeff had no hesitation in 
concluding that yttrium must be tervalent, with the atomic weight about 88-5, and that its 
equivalent must be considerably below any of the figures determined up to that time. 

The equivalent weights of cerium, lanthanum, and didymium were very discordant, all 
the values given lying between 44 and 48. Mendelejeff assumed didymium also to be ter- 
valent, and placed it below yttrium in Group III. Cerium he assumed to be tervalent in 
the lower salts, and quadrivalent in the higher salts; it fell, therefore, into Group IV below 
zirconium. To erbium and lanthanum he provisionally assigned places in Groups III and 
IV respectively, below didymium and cerium, whilst the individuality of terbium was 
regarded as so doubtful that no place was assigned to it. Query marks were placed to 
indicate that all these positions were provisional; the table of 1871 with these provisional 
positions is shown in Table I (Amnalen, 1871, Suppl. 8, 151). 

Mendelejeff stated in his paper of 1871 that he had himself determined the specific 
heat of metallic cerium, and that the value obtained indicated an atomic weight of about 
140, which would be consistent with an equivalent of about 47 if the element were tervalent 
in the lower salts. The paper containing the description of this work is in Russian, and 
does not appear to have been translated; prior to that date none of the rare-earth metals 
had been prepared. In 1875 Hillebrand and Norton (Pogg. Annalen, 1875, 155, 631; 
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Group I. 
R,O 


Group II. 
RO 


Group III. 
R,0; 


Group IV. 
RO, 


Group V. 
RH, 
R,O, 


I. 
can 


Group VIII. 
RO, 





12 


H=1 
Li=7 


Be=9-4 


B=11 


C=12 


F=19 





Na= 23 
K=39 
(Cu=63) 
Rb=85 
(Ag= 108) 
Cs=133 
¢-9 


(Au=199) 








Mg=24 
Ca=40 


Zn=65 
Sr= 87 


Cd=112 
Ba=137 





Al=27°3 
aw wll 


— =68 
?7Yt=88 


In=113 


?Di=138 


?Er=178 


Tl=204 





—=72 
Zr=90 
Sn=118 


?Ce= 140 


?La=180 


Pb=207 
Th=231 








U=240 





Cl= 35-5 





Fe=56, Co=59, 
Ni=59, Cu=63. 


Ru=104, Rh=104, 
Pd=106, Ag=108, 


Os=195, Ir=197, 
P 


t=198, Au=199. 





156, 466) obtained the metals lanthanum, cerium and the so-called didymium by electrolysis 
of the fused chlorides, and measured the specific heats; the results showed that all three 
must have atomic weights about 140. The positions assigned to cerium and didymium 
were thus confirmed, but that assigned to lanthanum was clearly wrong. 

In 1878 Nilson and Pettersson (Ber., 1878, 11,381) measured the specific heat of beryllium 
between 0° and 100°, and obtained the value 0-408. By the law of Dulong and Petit it 
follows that the atomic weight must be about 15, and the element tervalent. Brauner, at 
that time still a student at Prague, realised the importance of this conclusion. Tervalent 
beryllium could not be fitted into the table. It was, as he said, a question of life or death 
for the periodic system. The elements of the cerium and yttrium groups were still so 
little known, their individuality, properties and atomic weights so uncertain, that the 
positions assigned to them could not be regarded as final; in any event, there were many 
vacant spaces available for them. With beryllium the case was different ; there could be 
no other position for it than that at the head of Group II, and therefore it must be bivalent 
if the system were to stand. Ina paper published a few months after the result of Nilson 
and Pettersson was announced, Brauner repeated and elaborated Mendelejeff’s contention 
that the specific heats of many elements of low atomic weight were abnormal between 0° 
and 100° (Ber., 1878, 11, 868). Beryllium also must be abnormal in this respect. He 
suggested that lanthanum should be placed in Group III with atomic weight 139, immedi- 
ately before cerium in Group IV, atomic weight 141, and that didymium would be found to 
be quinquevalent in a higher oxide and should be placed in Group V with atomic weight 
147, He added “‘ Experience shows that all the elements, not excepting those of the rare 
earths, fit into the periodic system ’’—a statement in the attempted verification of which he 
was to spend many arduous years. 

Nilson and Pettersson returned to the question in 1880 (Ber., 1880, 13, 1451), pointing 
out that the rise in the specific heat of beryllium with increasing temperature was of the 
same order as the rise in the case of iron, and much less than the rise in the case of the 
abnormal elements. Nilson was by no means antagonistic to the periodic law. He had 
just isolated scandium from the mineral euxenite (Ber., 1879, 12, 550; 1880, 18, 1439), 
and had pointed out that it conformed to Mendelejeff’s eka-boron in the same way as 
gallium to eka-aluminium, “‘ Thus confirming,” as he said, “‘in the most striking way 
the speculations of the Russian chemist, which permitted not only the existence, but also 
the most important properties of these two bodies to be forecast.” Nilson had confirmed 
in 1879 the extraction of a new rare earth, ytterbia, from erbia by Marignac in 1878, and 
suggested that the five elements beryllium, scandium, yttrium, erbium, and ytterbium 
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formed a tervalent series. He set out tables of the molecular heats and molecular volumes 
of the oxides and sulphates on the assumption that the elements were tervalent. The 
values for the oxides were very concordant, but the values for the sulphates hardly supported 
the assumption. He redetermined the equivalent weight of beryllium as 4-55, thus giving 
the atomic weight as 13-65, and added “‘ The respect in which we hold the originator of the 
periodic law forbids us to accept it as a mere article of faith, but rather compels us to subject 
it to experimental proof.” In a further paper (Ber., 1880, 18, 2035) Nilson compared 
beryllium to tellurium, the position of which in the classification is also anomalous, and 
pointed out that the positions assigned to the rare-earth elements; and particularly to 
erbium, were far from satisfactory. 

In the course of his work at Owens College, Brauner devoted much time to the determin- 
ation of the specific volumes of the oxides of the lighter elements in an endeavour to show 
that the molecular volumes of the oxide and sulphate justified the position of beryllium 
in Group II. A further paper in 1881 (Ber., 1881, 14, 53) including these arguments left 
the matter still undecided. Finally in 1884 Nilson and Pettersson prepared anhydrous 
beryllium chloride and determined its vapour density (Ber., 1884, 17, 986), which established 
beyond dispute the bivalency of the metal and its place in Group II. This result, together 
with the discovery of the foretold elements scandium and gallium, which fell into the places 
assigned to them by Mendelejeff, led to the general acceptance of the periodic law and the 
classification, in spite of the difficulties of the pairs tellurium—iodine and cobalt-nickel, and 
of the very unsatisfactory state of the problem of the other rare-earth elements. 

Brauner meanwhile was working on the ceria group at Manchester. He prepared 
cerium tetrafluoride, CeF,,H,O, by dissolving the higher oxide of cerium in concentrated 
hydrofluoric acid and drying the product at 100°. This was the first preparation of a 
definite salt of quadrivalent cerium, and provided a further confirmation of the valencies 
of the element; if cerium were bivalent in its lower oxide, as had been thought at first, it 
would be highly improbable that the halogen contents of its haloid salts should be in the 
ratio3:4. Analysis of the tetrafluoride indicated the atomic weight 141-1 for the element. 

He aiso prepared and analysed the double salt 3KF,2CeF,,2H,O, and about the same 
time (J., 1882, 41, 68; Ber., 1881, 14, 1944; J., 1894, 65, 393) prepared lead tetrafluoride 
and the ternary salt 3KF,HF,PbF,. All these compounds on heating evolved water vapour 
and hydrogen fluoride; the gases evolved at higher temperatures had a smell very strongly 
resembling that of chlorine. Brauner was satisfied that they contained free fluorine, and 
records that when they were inhaled and subsequently exhaled, white clouds of hydro- 
fluoric acid were obtained! More convincing, but less dangerous than this highly adventur- 
ous physiological test was his observation that silicon burned in the gases evolved from the 
double lead salt. Ten years later Moissan obtained free fluorine, after having tried a large 
number of chemical methods without success, by electrolysis of anhydrous hydrogen 
fluoride containing potassium hydrogen fluoride at —23° in a copper tube, using platinum 
electrodes and stoppers cut out of fluorspar. 

Having shown that the higher oxide of cerium gives salts in which the element is quadri- 
valent, and that the position assigned to it in Group IV agrees with the atomic weight 
obtained by analysis of the tetrafluoride, Brauner proceeded to a determination of the 
atomic weight of lanthanum (J., 1882, 41, 68) by converting the oxide into the anhydrous 
sulphate. By this method, to which he afterwards devoted a very great deal of time and 
attention, he obtained the value 139-88, and confirmed thereby that lanthanum falls into 
Group III immediately before cerium in Group IV, as he had already suggested in 1878. 
For didymium by the same method he obtained the value 146-6, indicating that it should 
follow cerium and fall into Group V. If this were so, didymium should give a higher salt- 
forming oxide, Di,O,, and he endeavoured accordingly to obtain such a compound. After 
a long series of negative results, he obtained a hydrated oxide corresponding to the formula 
Di,O,;,3H,O by precipitation with potassium hydroxide from a solution of the nitrate in 
presence of hydrogen peroxide, and drying in a vacuum; by heating the basic nitrate in a 
current of oxygen, he obtained an anhydrous higher oxide. He was unable to obtain any 
salts of this higher oxide. 

From internal evidence we can now see that Brauner must have been dealing with a 
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mixture of oxides consisting of neodymia with some samaria and perhaps a little praseo- 
dymia; neodymia is capable of taking up additional oxygen under these conditions, though 
no definite compound appears to be formed. With considerable hesitation, Brauner 
suggested on the basis of these experiments that didymium should be placed in Group V 
(Ber., 1882, 15, 115; J., 1882, 41, 68). For erbium he suggested tentatively the atomic 
weight 166 and a place in Group V also, and still more tentatively for terbium the possibility 
of a higher oxide TbO, and a place in Group VI. 

Meanwhile Lecoq de Boisbaudran in 1879 had isolated a new oxide from a sample of 
didymia extracted from the mineral samarskite, and had named the new element samarium. 
For this new metal Brauner hardly ventured to hope that a place might be found in 
Group VIII. In the same year Cleve announced the extraction of two new oxides, holmia 
and thulia, from Mosander’serbia. This rapidly extending list of new substances, so similar 
to one another in all their chemical and physical properties that separation was a matter of 
extreme difficulty and uncertainty, was a source of increasing perplexity to the defender of 
the periodic system. There were spaces in the table as it was then constructed for 17 
elements between cerium and tantalum. Excluding thorium, which filled satisfactorily 
its place in Group IV, six rare-earth elements of higher atomic weight than cerium had so 
far been definitely announced, and claims were being put forward constantly for supposed 
new ones. There was still, therefore, plenty of room in the table, but what Lothar Mayer 
called the endless, laborious and dreary purification of erbia, with this constant shedding 
off of almost indistinguishable new oxides, showed little promise of filling the gaps with 
elements the properties of which would support the periodic law. 

Still uncertain, in view of the separation of samarium from didymium, of the atomic 
weight and individuality of the latter, Brauner continued his investigation (J., 1883, 48, 
278; Monatsh., 1882, 3, 486; Compt. rend., 1882, 94, 1718). He started with several 
kilograms of material from the mineral cerite, which had been thought up to that time to 
contain only elements of the cerium group. He now found for the first time that the 
oxides separated from the mineral contained considerable quantities of yttria and of the 
terbia and erbia earths. These he separated by the classical double potassium sulphate 
method of Berzelius, and then removed ceria as basic ceric nitrate. The fact that cerium 
alone of the group can form compounds in which it is quadrivalent, as well as derivatives 
in which it is tervalent, makes this separation a comparatively simple matter; the remain- 
ing members of the family are so little distinguishable in their chemical properties that 
separation of pure compounds requires extremely tedious and systematic repetition of 
chosen operations. 

Taking as a criterion of purity of didymia a light ash-grey colour, Brauner continued his 
fractionation by the basic nitrate method until the brownish or rusty colour of the oxide 
first obtained disappeared. In this way he removed from the more basic fraction most of 
the praseodymium, which gives a strongly coloured brownish-black peroxide, PrO,. This 
more basic fraction he separated into two further fractions, for the elements in which he 
found the atomic weights to be 138-3—138-8 for the more positive and 140-2 for the less 
positive. These were fairly pure lanthana and praseodymia respectively. The grey oxide 
he now proceeded to fractionate by an elaborate application of the graduated ammonia 
precipitation from the boiling solution of the nitrates. Though it is now known that this 
method can hardly be expected, however prolonged the series of fractionations, to effect 
complete separation, he succeeded in obtaining five fractions, for the elements in which he 
determined the atomic weights as 144-32, 145-16, 145-39, 147-10, and 149-40. It is clear 
in the light of our present knowledge that the first fraction was nearly pure neodymia, and 
the last fraction nearly pure samaria, the intermediate ones being mixtures of the two. 
Brauner perceived that he had in fact effected a separation of didymia into the oxides of at 
least two elements; he concluded that he had obtained true didymium or didymium-« of 
atomic weight 145-4, i.e., in the middle one of his five fractions; didymium-f, atomic weight 
141, i.e., the less positive of the two fractions in his lanthanum separation; and didymium-y 
or samarium, for which he considered the atomic weight should be slightly above 150. 
The present atomic weights are lanthanum 138-92, praseodymium 140-9, neodymium 144-3, 
and samarium 150-4. 








EE ee oe oe ae. 








Levy: Brauner Memorial Lecture. 1883 


It was unfortunate for Brauner that Cleve was at the same time working on the separ- 
ation of didymium (Compt. rend., 1882, 94, 1528). Their communications overlapped, and 
Brauner, in deference to his older colleague, discontinued his work. In 1885 the resolution 
into praseodymium and neodymium was effected by Auer von Welsbach, who employed 
the fractional crystallisation of the double ammonium nitrates. To praseodymium, which 
gives green salts, Welsbach assigned the higher atomic weight, 143-6, and to neodymium, 
which gives rose-red salts, the lower atomic weight, 140-8. It was not until 1898 that 
Brauner returned to the question; in that year he showed that Welsbach had inverted the 
order of the atomic weights, and that neodymium has in fact the higher. 

Brauner now began to turn his attention more particularly to the determination of 
atomic weights, especially of those elements of which the position in the classification had 
been or remained doubtful. His first paper devoted exclusively to this work was published 
in our Journal in 1885, on the atomic weight of cerium (J., 1885, 47, 879). He considered 
very carefully all the determinations made up to that date, and criticised the methods and 
the purity of the materials used. He concluded that in the work of Robinson, who in the 
previous year had prepared the anhydrous chloride and titrated it with silver nitrate, all 
experimental errors had been reduced to minimum, and that Robinson’s value, 140-26, 
was the most reliable figure then available. 

In his own work, Brauner employed the ratio anhydrous sulphate : dioxide, and he 
describes very clearly and concisely the precautions he adopted. One of the chief diffi- 
culties was to remove the traces of sulphuric acid which are so tenaciously retained by the 
hydrated salt. He purified the crude oxide by dissolving it in nitric acid, expelling the 
excess of acid by evaporation, and pouring the boiling concentrated solution into a large 
volume of boiling water. This causes the insoluble basic nitrate to separate, leaving the 
nitrates of the tervalent elements in solution. He repeated the procedure many times, and 
found that after six repetitions the atomic weight remained constant; the pure dioxide 
obtained was not entirely white, but had a faint creamy tint. 

The oxide was dissolved in dilute sulphuric acid, and the solution after reduction was 
evaporated and heated to expel as much acid as possible; the residue was dissolved in ice- 
water (the solubilities of the rare-earth sulphates diminish with rising temperature), and 
the solution treated with hydrogen sulphide to remove the last traces of heavy metals. 
The purified solution on addition of absolute alcohol gave a precipitate of the octahydrate 
almost free from acid, and on a repetition of this treatment a completely neutral salt was 
obtained. This material, however, was found to contain traces of organic matter; it was 
dissolved in ice-water, and the solution raised very rapidly to the boiling point ; on stirring, 
he obtained the pure hexahydrate as a fine crystalline powder. 

He next conducted a series of tests to find within what temperature range this hydrate 
loses all its water without evolution of acid, and finding the boiling point of sulphur to be 
suitable, he devised a simple apparatus in which the material, contained in a platinum 
crucible suspended in a tube heated externally by the vapour of boiling sulphur, could 
be left at that temperature for any desired time. The pure weighed anhydrous sulphate 
was finally converted into the dioxide by ignition. As a mean of no fewer than 23 very 
concordant determinations, he obtained the value 140-22. Robinson’s value of 140-26, 
when converted for the modern values of silver and chlorine, is 140-19. 

In this and his subsequent work on atomic weights, Brauner used only vessels which | 
had been previously treated with purified acids for long periods. All the acids used were 
freshly distilled from a platinum retort through a platinum condenser, and all water and 
alcohol were similarly treated. Brauner was an extremely skilful and careful manipulator, 
and the accuracy of his work on atomic weights established his reputation as one of the 
leading authorities on these determinations. 

Tellurium was the element to which he next turned his attention. Though it is clear 
from. its chemical and physical properties that this element must fall into Group VI, and 
equally clear that iodine must fall into Group VII, the accepted atomic weight of tellurium 
was 128 and that of iodine 127. This anomaly was a source of the most profound perplexity 
to Brauner. He felt that tellurium as generally obtained must be admixed with some 
closely related element of higher atomic weight, and over many years he spent much time 
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in examination of the problem. In 1889 he published in our Journal the results of a most 
searching investigation (J., 1889, 55, 382). The element was dissolved in nitric acid, 
converted into the chloride, and precipitated by reduction with sulphur dioxide. The dried 
precipitate was fused with potassium cyanide, the melt dissolved, and tellurium pre- 
cipitated by a current of air drawn through the solution. The dried material was then 
distilled in a current of hydrogen. All the precautions employed in his atomic weight 
determinations were applied to this preparation, and he could detect no impurity in the 
final product. With this material he tried a large number of reactions in order to select a 
conversion suitable for the atomic weight determination, and finally was able to prepare 
the pure tetrabromide and to titrate this with silver nitrate. 

The finely divided tellurium was dissolved in bromine, and the excess of the latter 
removed by heating. Some tellurium always remained unchanged, and on further heating 
reacted with the tetrabromide to form dibromide. The dibromide is somewhat more 
volatile than the tetrabromide, and was removed by fractional sublimation in a vacuum. 
The residual tetrabromide was then separately sublimed in a vacuum, the sublimate dis- 
solved in concentrated tartaric acid solution, and the solution diluted, decomposed with 
nitric acid, and finally treated with silver nitrate. To prevent the formation of insoluble 
silver telluryl tartrate, he found it necessary to avoid excess of silver nitrate. 

In the course of this work, he examined highly purified silver for the oxygen content 
reported by Dumas, and was able to show that it was very much smaller than had been 
supposed, so small, in fact, as to be negligible. His extremely concordant analyses, both 
gravimetric and volumetric, gave results for the atomic weight of tellurium varying from 
127-59 to 127-63, and he accepted the mean figure 127-61. In 1933 Hoénigschmid and his 
pupils confirmed this result, using exactly the same method and arriving at exactly the 
same figure as Brauner had obtained 44 years before. 

In spite of the fact that his atomic weight was still considerably above the accepted 
figure for iodine, Brauner felt that it was impossible to doubt the accuracy of his work or 
the purity of his material. To satisfy himself of the homogeneity of his distilled tetra- 
bromide, he subjected it to a further exhaustive fractional sublimation in a vacuum. He 
divided a portion in this way into nine fractions, but on analysis the first and the last gave 
identical results. He carried out fractional precipitation of the solution from the potassium 
cyanide fusion, and fractional precipitation from hydrochloric acid solution with ammonia ; 
in every case the result was the same. 

With tellurium which had not been distilled, but only fused in an atmosphere of 
hydrogen, he obtained fractions which gave varying values, and concluded that the element 
might not be homogeneous; this conclusion, however, he subsequently abandoned, finding 
that material which had not been distilled still contained traces of foreign elements (J., 
1895, 67, 549). 

In the course of this work on tellurium, he examined the possibility of employing 
volumetric methods of estimation, on which he published two papers in our Journal (J., 
1891, 59, 58, 238). He found that reduction with stannous chloride and oxidation with 
alkaline permanganate were both quantitative, and described titration methods based on 
these reactions which are sufficiently quick and accurate for ordinary laboratory purposes. 

His attention was now again directed to lanthanum by the publication of the work of 
Winkler (Ber., 1891, 24, 889), who in 1891 prepared and analysed what he believed to be 
hydrides of the cerium group of elements. On the basis of this work, Winkler arrived at 
the conclusion that lanthanum must be quadrivalent, and criticised the value 138-88 for 
the atomic weight which Brauner had obtained in 1882. In a paper published in 1891 
(Ber., 1891, 24, 1328), Brauner replied to this criticism, and found no difficulty in bringing 
forward evidence in support of the fact that lanthanum is tervalent. In 1901 he began a 
further series of determinations of the atomic weight, in some of which he was assisted 
by Pavlitek (P., 1901, 17, 63; J., 1902, 81, 1243; Z. anorg. Chem., 1903, 38, 317). He 
again employed the ratio sulphate : oxide, but in addition devised a new method by 
analysis of the oxalate. In the latter method the purified oxalate was titrated with per- 
manganate, another portion being ignited to oxide, so that the ratio oxide : oxalic acid was 
determined directly. 
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The chief difficulty in the sulphate method arises from the remarkable stability of the 
acid sulphate oflanthanum. He found that this compound could not be completely decom- 
posed even at 600°, whilst at 650° basic sulphate began to form. He therefore heated the 
sulphate to 600°, and determined the proportion of acid sulphate remaining thereafter by 
dissolving the product and titrating the solution, using methyl-orange, to obtain a cor- 
rection factor; this factor was separately determined in every determination of the atomic 
weight. The anhydrous sulphate is extremely hygroscopic; to prevent the absorption 
of traces of moisture during cooling, Brauner devised a special form of desiccator. The 
value obtained by the sulphate method was 139-04, and by the oxalate method 139-07, 
both somewhat higher than the value 138-88 which he had obtained in 1882. The present 
accepted value, based on the analysis of the anhydrous chloride by Baxter and his pupils, 
is 138-92, which falls between the values determined by Brauner. 

Brauner employed both the sulphate and the oxalate method in his determinations of 
the atomic weights of praseodymium and neodymium (P., 1898, 14, 70; 1901, 17, 63). 
For the former he obtained the value 140-94, almost identical with the figure 140-92 accepted 
to-day. For neodymium his values were 143-6 and 143-9; the accepted figure is 144-27. 
Our present figures for praseodymium and neodymium are based on the analyses of the 
anhydrous chlorides by Baxter and his pupils. It is interesting that the atomic weight of 
neodymium based on the masses and relative proportions of its isotopes as determined 
by Aston in 1934 is 143-5, which agrees much more closely with Brauner’s values than with 
those obtained by Baxter. 

Brauner employed his oxalate method also in the determination of the atomic weight 
of thorium (J., 1898, 78, 951; P., 1901, 17, 63), for which he obtained the value 232-42, 
somewhat higher than the accepted figure of 232-12, which is based on the analysis of the 
tetrabromide by Hénigschmid. In separating thorium from the rare-earth group, he made 
use of the fact that thorium oxalate is readily soluble in ammonium oxalate solution, 
whilst the oxalates of the other elements are very sparingly soluble. He investigated 
this difference, and separated a complex salt, ammonium thorioxalate, of the formula 
Th(C,0O,NH,),. 

The value 140-22 which Brauner had obtained in 1885 for the atomic weight of cerium 
was adversely criticised by Wyrouboff and Verneuil in 1897 (Compt. rend., 1897, 124, 1300). 
These authors, who even at that late date continued to hold the view that the rare-earth 
elements were bivalent, stated that cerium sulphate octahydrate could be completely 
dehydrated at 250°, and concluded that the atomic weight must lie between 139-2 and 139-5. 
Brauner carried out another extensive purification of ceria in 1903. Together with Batek 
(Z. anorg. Chem., 1903, 34, 103), he repeated his earlier work on the conversion of the 
sulphate into the oxide, and he confirmed the values by analysis of the oxalate (ibid., 
p. 207). The results varied from 140-21 to 140-26. The value 140-25 based on this work 
was accepted until, in 1928, analysis of the anhydrous chloride by Hénigschmid and Holch 
gave the value 140-125, which is the accepted figure to-day. 

In connection with his work on the sulphate method of determining the atomic weights 
of the rare-earth elements, Brauner together with Picek devised a method of preparing the 
acid sulphates in the pure state (Z. anorg. Chem., 1904, 88, 322). If the oxides are dissolved 
in sulphuric acid, most of the excess acid can be removed by heating, but decomposition 
of the acid sulphates begins before all the free acid can be driven off. Brauner obtained 
the pure acid sulphates by removing the excess of acid at 130° in the vacuum of the Sprengel 
pump. In the same year, 1904 (tbid., 39, 261), he described an interesting series of double 
sulphates of the rare-earth elements with ceric sulphate, of the general formula 
RHCe(SO,),,12H,0O. 

Brauner took a leading part in the long drawn-out controversy which ended at the 
beginning of this century concerning the standard to be adopted for expressing the atomic 
weights. In his classical determinations, Stas had used both the oxygen and the hydrogen 
standard, accepting the value 15-96 for the oxygen-hydrogen ratio. In 1888 Brauner 
pointed out (Chem. News, 1888, 58, 307) that the values determined for that ratio up to 
that time varied from 15-87 to 16-01, a variation which would correspond to a difference of 
more than one unit for the atomic weight of antimony, and to more than two units in the 
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case ofuranium. As no means existed for deciding what was the true ratio, it was obviously 
desirable to choose one standard or the other. He expressed preference for Marignac’s 
proposal to adopt the standard O = 16, since most of the determinations were based on 
methods involving comparison with oxygen. With that standard, as he pointed out, 
values for many of the elements came very close to whole numbers. With the hydrogen 
standard, it would be necessary at every fresh determination of the oxygen—hydrogen 
ratio to recalculate all those atomic weights which had been determined by comparison 
with oxygen. Horstmann, Lothar Meyer, and Seubert came forward as advocates of the 
hydrogen standard, pinning their faith to the value 15-96 for the ratio. Brauner was 
supported by Venable, Noyes, and Ostwald. The authoritative determination of the ratio 
by Morley in 1895, which gave the unexpectedly low value 15-88, greatly strengthened the 
advocates of the oxygen standard. Brauner attended the Toronto meeting of the British 
Association in 1897; T. W. Richards and he addressed the meeting on the question and 
were strongly supported. The oxygen standard was finally adopted at the Paris Congress 
of 1900. The opposition was by no means ended, however, and for many years agitation 
continued for the restoration of the basis H = 1, which was represented as the pure doctrine 
of Dalton. For many years atomic weights were expressed on both standards, but ulti- 
mately the scale based on oxygen as 16 prevailed. All the atomic weights given in this 
paper are on that scale. 

It is interesting to observe that the discovery of the isotopes of oxygen of mass 17 and 
18 has now revealed that the choice of the oxygen standard has in fact given us only a 
conventional whole number, and not a true whole number on the mass scale, as the 
basis of our atomic weights; the balance of convenience, however, is against further 
change. . 

Throughout his work on atomic weights, Brauner was constantly preoccupied with the 
remaining problems of the periodic classification. The establishment of the true atomic 
weight of beryllium in 1884 had effectively disposed of the most serious. The discovery 
of argon and helium for a time appeared to bring new difficulties. Brauner happened to 
be present in Ramsay’s laboratory on the eventful afternoon when the discovery of helium 
was made, but could not at first bring himself to believe that here were further new elements. 
“‘ As an orthodox Mendelejeffian,” he wrote concerning argon, “I find great difficulty in 
assuming the existence of a new elementary gas having the atomic weight 20 or 40 or 80 
and the boiling point —187°” (Chem. News, 1895, 71, 79). He thought that helium might 
be an allotrope of hydrogen, and argon an allotrope of nitrogen; the existence of argon as 
an element of atomic weight 39-88 seemed to him at that time absolutely incompatible 
with the periodic system. The difficulty was to some degree removed by the discovery 
of the remaining members of the group of inert gases, which completed a new family of 
chemically neutral elements between the strongly negative halogens and the strongly 
positive alkali metals. A minor anomaly remained in the fact that the atomic weight of 
argon was higher than that of potassium, instead of lower, and the similar anomalies of 
tellurium and iodine and of cobalt and nickel still remained without explanation. 

The rare-earth elements, however, still presented the most baffling question connected 
with the periodic law. By the beginning of this century, it was recognised that beryllium, 
zirconium and thorium were not so closely related to the other members as had been 
originally supposed, and the term rare earths was beginning to be restricted to the ceria 
and yttria oxides. Of the elements of the group in this narrower sense, scandium, yttrium, 
lanthanum and cerium fell into definite places in the table. The outstanding difficulty, 
therefore, was to decide the relationship of the elements falling between cerium and tantalum 
to the grouping which expressed the periodic relationship. Eleven of the twelve elements 
now known in that range had already been discovered (see Table II), but the individuality 
of several of them was still doubtful. These elements exhibit an extraordinary degree of 
similarity to one another, which not only makes the separation and identification of 
individual members a matter of the greatest uncertainty, but is absolutely incompatible 
with Mendelejeff’s principle that the properties of the elements are a periodic function of 
their atomic weights. The properties of these elements vary very gradually, and not 
periodically, with increasing atomic weight. 
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TABLE II. 


Historical Development of the Separation of the 
Rare-earth Elements. 
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The atomic numbers are given in the last column on the right. 
* Lecoq de Boisbaudran. 


At the beginning of 1902, Brauner delivered before the Russian Science Congress at 
St. Petersburg the lecture on the position of the rare-earth elements in the periodic classific- 
ation to which I have already referred. This paper, which was published in the Zettschrift 
fiir anorganische Chemie (1902, 32, 2) about the time it was delivered, embodied probably 
the most important contribution to the theory of the classification which had been made 
since Mendelejeff’s essay of 1871. Brauner put forward the view that the rare-earth 
elements should be regarded as a sort of zone or belt of closely related individuals occupying 
the place of a single element in the table, using as an analogy the existence of asteroid 
belts in the solar system. Accepting the hypothesis that all the elements might be com- 
posed or built up of one fundamental material, he suggested that the condensation or 
aggregation of this material might be regarded as not having gone so far with the rare- 
earth elements as with the other elements, or as having taken a different course. It could 
hardly be a mere accident that no other elements having atomic weights between that of 
cerium and that of tantalum, and having properties which would be consistent with 
positions in the normal vertical groups of the table, had so far been discovered. The rare- 
earth elements may therefore be regarded as a transition zone between cerium and tantalum, 
and it is probable that no elements of other families than the rare-earth family will ever 
be discovered between these two. Hence the whole series of empty spaces between them 
may be discarded. 

Brauner presented the table in this form, including in one place with cerium all the 
remaining elements of the family (Table III). He pointed out that the table now had only 
nine vacant spaces, of which two might be occupied by radium and its emanation, and a 
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third by a radioactive rare-earth element ; this third place is now filled by actinium, which 
appears to be almost identical chemically with lanthanum. He considered that further 
rare-earth elements might be discovered, as the asteroid hypothesis removed the limit on 
the possible number hitherto imposed by the table, and speculated on the possibility of 





separating additional elements from those already known. 













































































TABLE III. 
Series.| Group Group Group | Group Group Group Group Group Group 
0. I. Il | Ill. IV. v. VI. VIL. VIII. 
—- | - on = RH, RH, RH, RH _ 
R R,O RO | R,O, RO, R,0, RO, R,0, RO, 
1 1H 
9 | Hea | Li7 Bed |Bill |c12 |NM4 |oO16 | F19 
3 20Ne| 23Na| 24Mg| 27Al| 28Si 31P 32S | 35-5Cl 
4 | A40 K 39 Ca40 |Se44 | Ti48 | V51 Cr52 | Mn 55 Fe 56 Co59 Ni59 Cué3 
5 63 Cu 65 Zn 70 Ga 72 Ge 75 As 79 Se 80 Br 
6 | Kr82 | Rb85 |Sr87 | Y89 Zr90 | Nb94 | Mo96 | —100 Ru 102 Rh103 Pd106 Ag 108 
7 108 Ag| 112Cd} 114In| 119Sn| 120Sb| 128Te| 127) 
8 | Xe128 | Cs133 | Ba137 | La 138 Ce etc Ta1s2 | W184 |—190 | Os191 Ir193 Pt195 Au197 
9 197 Au | 200Hg| 204T1| 207Pb| 209Bi| 212—| 214— 
10 | 218 |—220 | Rd 225? | — 230 | Th 233 |—235 | U239 | | 
ot i) 
| 





It may be said against the arrangement which groups all the rare-earth elements of 
higher atomic weight than cerium in the same position as cerium itself that, whilst the 
latter falls properly into Group IV by analogy in its higher salt-forming oxide with zir- 
conium and thorium, the remaining elements, so far as was known in 1902, are uniformly 
tervalent. On the other hand, it reduces the table to its simplest possible form in two 
dimensions, and expresses very clearly the view, since confirmed by the atomic numbers, 
that no elements exhibiting periodic changes in properties can exist between cerium and 
tantalum. The view that the rare-earth elements constitute a transition zone in the 
interval which otherwise should be occupied by elements showing normal changes in 
properties may be regarded as the culmination of Brauner’s work on this question, and as 
the best solution which could be reached, in the existing state of knowledge, of the problem 
to which he had addressed himself. 

Mendelejeff was not prepared to goasfaras Brauner. He felt that the law of periodicity, 
however much it might appear to be obscured, must still operate, and that fuller know- 
ledge of the rare-earth elements would reveal some periodic variations. In the preface to 
the 7th Russian edition of his famous textbook, written in 1902, he says ‘‘ A whole long 
period in the table is wanting between cerium with atomic weight 140 and tantalum with 
atomic weight 183, but the series of rare elements, not yet fully investigated, have so far as 
is now known atomic weights which exactly fill this interval, and therefore this portion 
of the periodic system is in a way broken and requires fresh researches.” He thus adhered 
to the view that eighteen elements must exist within this range. 

In this preface, also, Mendelejeff set out his considered view on the hypothesis that all 
the elements may be built up of one fundamental material. ‘‘ The more I have thought on 
the nature of the chemical elements,” he wrote, ‘“‘ the more decidedly have I turned away 
from the classical notion of a primary matter, and from the hope of attaining the desired 
end by a study of electrical and optical phenomena. . . . The return to electro-chemism 
which is so evident in the supporters of the hypothesis of ‘ electrolytic dissociation ’ and 
the notion of splitting atoms into ‘ electrons ’ in my opinion only complicate and in no way 
explain a matter so real, since the days of Lavoisier, as the chemical changes of substances, 
which led to the recognition of the invariable and ponderable atoms of simple bodies.”’ 
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Mendelejeff died early in 1907, before the evidence of the complexity,pf atomic structure 
had become sufficiently clear and definite to convince him. Brauner, ds is apparent from 
the views he expressed in 1902, had already accepted the view that the atoms are not simple 
bodies. The periodic law itself seemed to him to favour that view, and he followed eagerly 
all the developments of the last thirty years which have thrown so much light on the 
ultimate constitution of the atom. 

Moseley’s discovery that the order of increasing atomic weight of the elements can be 
simply related with the wave-lengths of the X-ray spectra has provided the means of 
completing the classification and delimitation of the elements. The assignment to each 
element of a number based on actual measurement, which, except in the cases of the pairs 
argon—potassium, tellurium-iodine, and cobalt-nickel, agrees with the order of atomic 
weights, has indeed confirmed the fundamental nature of the atom as the chemical unit, 
but it has shown the limited significance of the property of mass. Structure, not mass, 
is the basis of the chemical properties, though it may become necessary to revise our 
definition of chemical properties. We can no longer say, as Mendelejeff and Brauner said, 
that all the atoms of an element have the same chemical and physical properties. We 
cannot even say, having regard to the properties of deuterium, that all the atoms of an 
element have the same chemical properties, unless we regard hydrogen and deuterium as 
different elements; and as they both possess the atomic number 1, and have the same 
planetary electron structure, we cannot logically say that they are different elements, 
unless we are prepared to say that different isotopes of the same atomic number are all 
different elements. A revision of our definitions, however, will be a small price to pay for 
the clarification of our conceptions. 

It is perhaps in the field of the rare-earth elements that the conception of atomic 
numbers has brought the greatest clarification. It has established conclusively the 
individuality of the known elements and determined the number of possible members of the 
group. It hasconfirmed the positions assigned to beryllium, scandium, yttrium, lanthanum, 
and cerium, and has demonstrated the soundness of Brauner’s view that the remaining 
elements form a transition group between cerium, number 58, and tantalum, number 73. 
It has limited the possible number of elements within this range to fourteen, of which 
thirteen are known with certainty. Element number 61, the discovery of which has not 
yet been confirmed, may be expected to be tervalent, and to be very similar in properties 
to its neighbours, neodymium, number 60, and samarium, number 62. Element number 
72, hafnium, is quadrivalent, and in chemical and physical properties falls between cerium 
and thorium in Group IV; it is not, therefore, to be regarded as a member of the rare- 
earth family in the narrowest sense. 

In the classification of Mendelejeff, the elements of higher atomic weight than hydrogen, 
including the inert gases, fall into two short periods, each of eight, and four long periods, 
each of eighteen elements, with another long period incomplete after uranium. The table 
of Brauner, interpreted by aid of the atomic numbers, is divided into two periods each of 
eight, two periods each of eighteen, one period of thirty-two elements, and a final incomplete 
period. We have now good reason to believe that the numbers 8, 18, and 32 are in fact 
the numbers of planetary electrons which can constitute successive completed rings or 
energy levels in the atomic structure. The elaboration by Bohr, Lewis, Langmuir, and 
others of the Rutherford nucleus atom is building up a new science of intra-atomic dynamics, 
which is already reaching the stage at which it would be possible for a mathematician, 
with no knowledge of chemistry, to build up for himself the full table of the chemical ele- 
ments and deduce all their properties. On this basis, the extremely slight variations in 
the physical and chemical properties of all the elements of the cerium and yttrium groups 
in their tervalent condition are explained by the identity of the structures of the two outer 
rings of planetary electrons, which consist of 8 and 3 electrons respectively for every member. 

It may be observed that any discovery which might be made in the future of further 
new elements in these groups, which have been such a prolific source of new elements during 
the last hundred years, would be even more embarrassing to our present views on the 
constitution of matter than the additions of the last two decades of the 19th century were 
to the protagonists of the periodic law. 
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It is impossible,for me, in the time at my disposal, to deal fully with all Brauner’s work, 
or even to mention some of his contributions to chemistry. Soon after the lecture of 1902, 
in which he set out the views I have just discussed, he began the series of critical essays 
on the atomic weights of the elements which he contributed.to successive volumes of 
Abegg’s “‘ Handbuch.”’ He dealt in 1905 with Group II, in 1906 with Group III, including 
the rare-earth elements, in 1907 with Group V, in 1908 with Group I, in 1909 with Group IV, 
and in 1913 with Group VII. In 1906 also he contributed the section on the rare earths 
to Mendelejeff’s ‘‘ Principles of Chemistry.” This work made great inroads on the little 
time left to him by his University activities, which increased continuously throughout 
his life until his retirement in 1925, after 43 years of teaching. During this period he had 
seen the transfer of the chemical department of the Charles University from very inadequate 
accommodation in old private houses, to the large and well-equipped Chemical Institute 
which was erected in 1904, largely as a result of his own unremitting efforts. He was a 
stimulating and most successful teacher; all the professors at the two Czech Universities, 
and most of those engaged in the profession of chemistry in Czecho-Slovakia to-day, are 
his pupils. 

The occasion of his 70th birthday in 1925, the year of his retirement, was marked by 
the publication of a Jubilee number of the Recueil des Travaux Chimiques des Pays-Bas, 
containing more than thirty papers contributed by his friends and pupils. His 75th 
birthday in 1930 was similarly marked by the publication of a special number of the 
Collections of Czecho-Slovak Chemical Communications. These special numbers constitute 
an impressive testimony to the strength and quality of chemical research in Czecho-Slovakia, 
which owe so much to his inspiration and example. 

Nor did the world fail to recognise during his lifetime his great services to chemistry. 
He was an honorary fellow of the American, French, Polish, and Russian Chemical Societies, 
as well as of our own Society; of the American, Russian, and Polish Academies of Science, 
and of the Czech Academy of Science and Art. He received decorations from the Austrian, 
Russian, and Jugo-Slavian governments, was a Chevalier of the Légion d’Honneur, and a 
member of the Czech National Research Council. He was a member of the Committee 
on the Chemical Elements of the International Union of Pure and Applied Chemistry, and 
filled the office of President of the Sub-Committee on Atomic Weights from 1922 to 1930. 

Brauner died in February, 1935, in his 80th year. His life was devoted to the advance- 
ment of chemistry, and filled with an enthusiastic interest in every branch of science. The 
affection and admiration which he felt so strongly for England and her institutions, and 
the interest he took in our own Journal, to which he made many valuable contributions, 
intensify for us the sense of the loss which our Society has suffered. His work and his 
example will keep his memory fresh, and his name will always be honoured no less by 
chemists in England than by those in his own country. 
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WALTER ERNEST ADENEY. 
1857—1935. 


WALTER ERNEST ADENEY died at Kingstown, Co. Dublin, on the 16th June, at the age of 
seventy-eight. He was educated at the City of London School and went to Ireland as a 
Royal Exhibitioner in 1877 to study at the Royal College of Science, Dublin. At the 
conclusion of his associateship course in applied chemistry he joined with the late Sir 
W. N. Hartley in spectroscopic research work of outstanding merit. 

When only thirty years of age Adeney was elected Curator and Examiner in Chemistry 
by the Senate of the Royal University of Ireland. Heentered into this work with character- 
istic zeal, and in co-operation with the professors of the Universities of Dublin, Belfast, 
Cork, and Galway did everything to secure the successful working of a system of federal 
practical examinations. Many graduates of the University still recall with gratitude the 
kindly spirit and sympathy shown to them by Adeney during the stress of examination 
periods. In recognition of his services to the Royal University and of his scientific work 
the Senate conferred upon him the degree of Doctor of Science (Honoris Causa) in 1897. 

During his tenure of office at the University, Adeney devoted much attention to 
analytical problems concerned with the constitution of distilled spirits and natural waters. 
His expert knowledge in this connection was recognised by his appointment to Royal 
Commissions on whisky and on sewage disposal. 

On the dissolution of the Royal University in 1909 his office therewith was abolished 
and he then established a private laboratory and devoted himself to further research upon 
the biochemical and physical principles underlying the self-purification of contaminated 
waters. His meritable work in this difficult and important branch of science gained for 
him a status of international repute. In 1911 he was invited by the New York Harbour 
Commission to advise them on sewage problems in connection with New York Harbour. 
In 1921 his advice was sought by the Municipality of Bombay with respect to the state of 
Bombay Harbour, and in 1927 he was consulted by the Mersey Docks and Harbour Board 
on problems arising in the Mersey river. In the same year he was invited by the London 
County Council to report on the state of the Thames and to advise the Public Health 
Department. 

From 1917 to 1921 Adeney held the post of Professor of Chemistry in the Royal College 
of Science, Dublin. During this short period he established a school of research into 
fundamental problems in the self-purification of polluted waters. In collaboration with 
the late H. G. Becker he carried out a classical investigation on the absolute rate of aeration 
of water. The results of this research have furnished a scientific basis of attack for problems 
on sewage disposal and the purification of gases in industrial chemistry. Adeney’s life 
work in the study of polluted waters has been embodied in book form, “‘ The Principles 
and Practice of the Dilution Method of Sewage Disposal,” published by the Cambridge 
University Press. In recognition of his contributions to the advancement of science, 
Adeney was awarded the Boyle Medal by the Royal Dublin Society in 1931. 

Although Adeney’s chief activity lay in the pursuit of chemical research, he found time 
to help in the work of numerous public bodies. For many years a member of the Science 
Committee and of the Council of the Royal Dublin Society, he was elected Honorary 
Secretary to the Society in 1921, which post he resigned in 1933 owing to failing health. 
During his tenure of office Adeney applied himself whole-heartedly to the work of the 
Society. Only his colleagues on the committees could appreciate the magnitude of his 
unostentatious work in furthering the objects of the Society. His kindly and tolerant 
disposition exercised an influence in smoothing difficulties which could not be achieved by 
alesserman. In recognition of his valuable services to the Society for 53 years, the Council 
presented him with a framed address and appointed him a Governor in 1933. 
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A Fellow of the Institute of Chemistry, he served as a member of Council and also as 
Vice-President. He was also Chairman of the Irish Free State Section for 14 years. He 
was elected a Fellow of the Chemical Society on March 17th, 1881. 

In 1888 Adeney married Rebecca, daughter of the late Dr. W. E. Steele, who is still 
living. He also leaves one daughter, Mrs. Ernest Watson of Greystones, Co. Wicklow. 

A. G. G, LEONARD. 





KENNETH FRANKLAND ARMSTRONG. 
1909—1935. 


On January 3rd, Kenneth Armstrong and John Howard reached the Hoch Joch, near 
Vent in the Otzthal, on ski; in returning, an avalanche overwhelmed Howard, and Arm- 
strong fell in the course of search for his friend. The loss of these two brilliant young 
chemists must surely be one of the most poignant tragedies on record in these columns, 

Armstrong attended Oundle School from 1922 to 1926, and then proceeded to Magdalen 
College, Oxford, obtaining a Natural Science Scholarship. Apart from a period of study in 
Geneva his career followed the normal course of an Undergraduate in the Honour School 
of Chemistry. He graduated as B.A. in 1930, B.Sc. in 1931 (First Class Honours in 
Chemistry) and became known as a highly promising and original student. 

He took every opportunity of broadening the basis of experience, visiting South Africa 
with the British Association in 1929 and the International Conference at Madrid in 1934; 
he also travelled in Austria and Germany on vacation, He was awarded a Henry Fund 
Fellowship in 1931 and elected to spend two years at Harvard in J. B. Conant’s laboratory. 
As the result of the work carried out there, two important papers on the chemistry of 
chlorophyll were published and a number of valuable general articles were also forthcoming 
on related topics. 

Travel was well to the front in America and he made good use of all the opportunities 
afforded by his sojourn abroad. Armstrong had many interests and these are further 
exemplified by his membership of the Inner Temple, by his studies of graphic art, con- 
tinental architecture and entomology. He had a good collection of butterflies, especially 
the high alpine varieties, and he projected microchemical investigations of their con- 
stituents. He was a fluent speaker equally in demand for the festive and the more serious 
occasions, 

On his return from Harvard, Armstrong was awarded a Harmsworth Senior Scholarship 
of Merton College and he worked in the Dyson Perrins Laboratory at Oxford, initiating a 
series of promising investigations on aucubine, quebrachol, the colouring matters of certain 
insects, including the cinnabar moth, and on purely synthetic problems. 

His literary activities were manifold and the most important example is the collabor- 
ation with his father in writing ‘“‘ The Glycosides” (1931) and ‘‘ The Carbohydrates ” 
(1934), in the series of ‘‘ Monographs on Biochemistry.’’ His main chemical interests 
were bound up with the questions connected with the formation of complex compounds 
in plants, and in this field he had many novel ideas. He was also a student of protein 
chemistry and hoped to attack the subject experimentally. 

But the flower of his versatile genius had not fully opened and no bare recital of achieve- 
ment is sufficient. Those who knew him intimately and shared his confidence in scientific 
affairs were stimulated by his enthusiasm, his curiosity, and his alertness, whilst they 
admired his originality, his fund of knowledge, and his breadth of outlook. 

It appeared-certain that Armstrong would play a leading part in advancing our science 
and that he would worthily uphold the high tradition of his family, Strikingly handsome, 
and modest in bearing, he was universally beloved for his personal qualities, for those that 
lay beneath the surface as well as for his unfailing kindliness and courtesy. 

R. ROBINSON. 
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HERBERT BRERETON BAKER. 
1862—1935. 


HERBERT BRERETON BAKER, President of the Society from 1926 to 1928, died on 27th 
April last, in his 73rd year. The second son of a Lancashire clergyman, Baker was edu- 
cated first at Blackburn and later at Manchester Grammar School, which he and a brother 
were enabled to join by the self-sacrificing efforts of their parents: as can well be under- 
stood, the slender financial resources of the vicarage were severely taxed by the education 
of four children and the claims of needy parishioners, mainly cotton workers. 

Beginning on the classical side at Manchester, Baker later turned over to science, and 
so came under the influence of Francis Jones, described by his pupil as the “ best of all 
teachers.” A Brackenbury school award and a scholarship secured at Balliol enabled him 
to proceed to Oxford, where he ultimately took a first class in natural science. He was 
then appointed demonstrator at Balliol and private assistant to H. B. Dixon—an associa- 
tion which awakened in the younger man a notable enthusiasm for research and in fact de- 
termined the field of investigation which he later made particularly his own—the influence 
of moisture on chemical change. 

In 1884 Baker was appointed chemistry master at Dulwich College and for nearly 
twenty years he was engaged in school teaching. Much energy was devoted to the develop- 
ment of a science side on the Manchester Grammar School lines, but in spite of this and the 
heavy demand of normal school routine, Baker managed to prosecute research continuously, 
and he published during the Dulwich period some of the work by which his name is specially 
known. It is a notable fact that he was elected a Fellow of the Royal Society in 1902, 
while still a schoolmaster. 

From Dulwich Baker was appointed to the headmastership of Alleyn’s School, but 
after a short time in this post he was elected to the Lee’s readership at Christ Church, 
Oxford, in succession to Vernon Harcourt, his old friend and instructor. To an enthusiastic 
investigator like Baker, the opportunities of the readership were naturally more congenial 
than those attaching to a headmastership, and he quickly showed himself active at Oxford 
not only in the initiation of research but also in the organisation of chemistry teaching— 
at that time apparently in a somewhat chaotic state. The new Lee’s reader himself 
became responsible for the inorganic chemistry lectures in the University and inaugurated 
an extensively illustrated experimental course which proved extremely popular. 

It was during his tenure of the Lee’s readership, in 1905, that Baker married Muriel, 
the daughter of H. J. Powell, partner in the Whitefriars Glass Works. Mrs. Baker had 
herself been trained as a chemist and collaborated with her husband in various 
investigations. 

In 1912 Baker succeeded Sir Edward Thorpe as Director of the Chemistry Department 
of the Imperial College of Science and Technology, a position which he occupied until his 
retirement in 1932. His arrival at South Kensington was soon followed by the establish- 
ment of a special Department for Chemical Technology and by the institution of full pro- 
fessorships in Organic and Physical Chemistry. 

During the War Baker put himself and his laboratory freely at the disposal of the 
fighting services and his advice was much in request. After the first gas attack by the 
Germans in April, 1915, Baker was asked by Sir Alfred Keogh to proceed to France along 
with Dr. J. S. Haldane to determine the nature of the poison gas employed. This was 
quickly found to be chlorine, and respirators charged with a mixture of sodium carbonate 
and sodium thiosulphate were provided as rapidly as possible for the protection of the 
troops against this gas. Such respirators, however, gave no protection against phosgene, 
the use of which by the Germans was anticipated, and Baker set to work to discover a 
suitable absorbent for this compound. After many failures, sodium phenate was found 
to be effective, and the manufacture of the phenate helmet in quantity was achieved 
before the Germans launched their first phosgene attack. Baker’s war services in these 
and other directions were recognised by the award of the C.B.E. in 1917. 

The war ended, Baker’s energies were once more directed to the administration of a 
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large department overflowing with students and to the research work in which his interest 
was mainly centred. His distinction as an investigator, already marked in 1912 by 
the Chemical Society’s award of the Longstaff Medal, was further recognised by his 
selection as Davy Medallist of the Royal Society in 1923. He served on the Councils 
both of the Royal Society and of the Chemical Society, and became President of the latter 
body in 1926. Baker took a considerable share also in the activities of the University 
of London and served for a number of years on the Senate and its Committees. 

Apart from some experiments on the union of nitrogen and hydrogen, described before 
the British Association in 1883, Baker’s earliest research work, carried out at Balliol 
College and published in the Journal for 1885, lay in the field now specially associated with 
his name—the study of the influence of moisture on chemical change. H. B. Dixon’s 
observation that a mixture of dry carbon monoxide and oxygen does not explode on the 
passage of a spark led to an investigation of the question whether moisture is in all cases 
necessary for the combustion of elementary substances. Phosphorus and carbon were 
selected for the first experiments, and the purified material in each case was sealed up with 
oxygen in hard-glass tubes, containing also plugs of phosphorus pentoxide. After eight 
days or more the behaviour of these tubes when heated was compared with that of similar 
tubes in which, however, the oxygen was saturated with aqueous vapour. In the dry tubes, 
there was either retardation or even complete absence of oxidation—indeed, when the tubes 
containing carbon were heated to redness combustion started immediately in the moist 
tube with rapid consumption of all the oxygen, whereas in the same conditions in the dry 
tube there was no visible reaction and much of the oxygen remained uncombined. It was 
in connexion with the reading of this paper at the Chemical Society that Armstrong’s view 
of chemical action as “‘ reversed electrolysis ” was put forward. 

These experiments were elaborated and extended during Baker’s early years at Dulwich. 
Both the oxides of carbon were shown to be produced in the slow combustion of purified 
charcoal in dried oxygen, the monoxide being formed first, with subsequent conversion, 
if circumstances were favourable, into the dioxide. Experimental proof was obtained 
that sulphur, boron, amorphous and ordinary phosphorus did not burn in dried oxygen, 
and that ordinary phosphorus exhibits no luminosity at any pressure; on the other hand, 
selenium, tellurium, arsenic, and antimony burned whether the oxygen was moist or dry. 

From the study of combustion in dried oxygen it was but a step to the examination 
of the effect of moisture on the rate of chemical reactions generally, and a notable paper 
describing Baker’s observations in this field appeared in the Journal for 1894. It was 
shown that pure dried lime was without action on either sulphur trioxide or ammonium 
chloride when the two potential reactants, after being in presence of phosphorus pentoxide 
for some time, were brought together in a tube previously baked out in a current of dried 
air. Under these conditions of desiccation ammonium chloride could be sublimed from 
lime without any liberation of ammonia. Gas reactions also were found to be dependent 
on the presence of moisture, nitric oxide and oxygen, for example, remaining indifferent 
to one another when thoroughly dried. 

The absence of combination between dried ammonia and dried hydrogen chloride was 
perhaps the most striking effect observed by Baker—certainly the one which attracted 
most attention, because of the failure of other workers to repeat the observation. It has 
been maintained that it is impossible to dry the gases in question over phosphorus pentoxide 
on the ground that ammonia is rapidly, and hydrogen chloride slowly, absorbed by that 
substance. Baker, however, has shown that, if the preliminary drying of the gas is thorough 
and if the phosphorus pentoxide has been purified by distillation in a current of dried air, 
then ammonia can be kept over the pentoxide for many days without more than a slight 
fall of pressure. He has emphasised also the point that in preparing tubes for the study 
of intensively dried substances it is not sufficient merely to pass a current of dried air at the 
orditiary temperature; the tube must be strongly heated during the passage of the air. 
Quite recently, Smits, following Baker’s technique and using phosphorus pentoxide from 
the same source, has kept ammonia in contact with the purified pentoxide for a long 
period without any action taking place. 

Baker’s exceptional skill in the preparation and handling of dried gases was very 
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evident in his study of the behaviour of a hydrogen—oxygen mixture. Both H. B. Dixon 
and V. Meyer had examined these gases and found that the rate of combination of the gases 
was unaffected by drying. Experiments, however, made by Baker and described in the 
Journal for 1902 proved that the gases obtained from the electrolysis of a solution of 
purified barium hydroxide did not explode on heating to redness after drying with dis- 
tilled phosphorus pentoxide, whereas in tubes containing no pentoxide explosion took place 
invariably under the same conditions of heating. Many details of the technique requisite 
for success in this kind of work were described by Baker in 1929—in his last contribution 
to the Journal of the Society. 

The classical experiment on the indifference of intensively dried ammonia and hydrogen 
chloride was paralleled by the discovery that ammonium chloride, after keeping in an 
evacuated tube together with phosphorus pentoxide, did not dissociate at 350°, as was 
proved by measurements of the vapour density. Some years later the case of mercurous 
chloride was examined and it was found that the dissociation of this substance also is 
conditional on the presence of a trace of moisture. 

These observations on ammonium chloride and mercurous chloride led Baker, in 
collaboration with Mrs. Baker, to an investigation of nitrogen trioxide, a substance which 
other workers had found to dissociate almost completely on evaporation. Vapour density 
measurements made with a specimen of the intensively dried trioxide proved the absence 
of dissociation and indicated even the presence of a polymeride, whilst on the admission 
of a mere trace of moisture the vapour broke up into nitric oxide and nitrogen peroxide. 

At a later date, 1912, the study of nitrogen trioxide was resumed in consequence of a 
private communication from Professor Alexander Smith regarding the volatility of dried 
calomel. Bulbs containing nitrogen trioxide which had been sealed up with phosphorus 
pentoxide for three years were broken under conditions ensuring rigid exclusion of moisture 
and the boiling point was determined. It was found to be abnormally high and the 
abnormality was attributed to the presence of more complex molecules than those corre- 
sponding to the formula N,O3. 

This observation stimulated further work on the boiling points of intensively dried 
liquids, “‘in order ”’—to quote Baker’s own words—“tosee if the dissociability of the vapours 
is an essential condition for the raising of the boiling points.” A number of highly purified 
liquids were sealed up with phosphoric oxide and set aside : owing, however, to the inter- 
ruption of work by the War the tubes were not opened for eight or nine years. It was then 
found that for some ten liquids of different types the boiling point observed was 30—60° 
above the normal value. Pieces of broken silica were present in the liquids, and boiling, 
when it did take place, proceeded quietly without any sign of the violent ebullition which 
accompanies the breaking down of superheated conditions. The temperatures, however, 
read on thermometers suspended in the vapour above these boiling liquids, were at most 2° 
above the normal boiling point. 

These observations, supplemented by measurements of vapour pressure and surface 
tension, led Baker to the view that the intensively dried liquids which exhibited abnormally 
high boiling points must be associated, and his Presidential addresses to the Society in 
1927 and 1928 were devoted to the elaboration of this theme. The experiments attracted 
much attention and gave rise to a good deal of criticism. It has been maintained, for 
example, that the manner in which the boiling points of the intensively dried liquids were 
determined did not exclude the possibility of superheating effects, and that until this point 
has been cleared up the proof of association is not conclusive. 

Although it was the study of the influence of moisture that chiefly enlisted his interest 
and energies, there were other problems which attracted Baker’s attention. In the days 
before the significance of the atomic number had been realised, the apparently abnormal 
position of tellurium in the Periodic Table was the subject of many investigations, and 
Baker was one of those who attempted to clear up the difficulty. In a lengthy research 
lasting 13 years, which was begun at Dulwich, finished at Christ Church, and carried out 
with the help of A. H. Bennett, the possibility of ordinary tellurium containing another 
element of higher atomic weight belonging to the same group was exhaustively tested. 
Fractionation methods were applied to tellurium itself, telluric acid, the dioxide, the 
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tetrachloride, the tetrabromide and the hydride, but in none of these ways was any change 
effected in the atomic weight of the element. 

During his period at South Kensington Baker initiated two other investigations in the 
field of atomic weights. One of these, carried out with W. H. Watson, concerned the 
case of mercury, about the atomic weight of which there was at the time some uncertainty. 
The method adopted was the synthesis of mercuric bromide, and the final value adopted 
as a mean of nine experiments was 200-57—very close to the figure now accepted. 

The direct ratio of silver to oxygen in silver oxide was the subject of a later research, 
carried out jointly with H. L. Riley. It was found that in order to prepare silver oxide of 
atomic weight purity an apparatus was necessary in which precipitation, washing, and 
filtration could be performed in an atmosphere entirely free from organic matter. Unless 
the most scrupulous care is taken in its preparation, silver oxide gives a pink chloride on 
treatment with dilute hydrochloric acid. The quantitative decomposition of the pure 
silver oxide finally obtained gave for the atomic weight of silver the value 107-864 (O = 16). 

Baker was essentially an experimentalist and he was never so happy as when practising 
the laboratory craftsmanship of which he wasa master. After his retirement from adminis- 
trative duties he came regularly to South Kensington and he continued to find pleasure, 
even up to within a few weeks of his death, in devising and constructing apparatus for fresh 
attacks on old problems. He was a modest man of simple tastes and homely interests, 
whose straightforward character and lovable personality secured for him a warm place 
in the hearts of his many pupils and colleagues. 

J. C. Pxixip. 





ARTHUR BRAMLEY. 
1878—1935. 


THE career of Arthur Bramley, who died on June 19th, 1935, provides a notable instance 
of Yorkshire grit and determination. Born at Elland in 1878, he was only fifteen years 
old when his father died, and at that age he became a mill-worker, assisting his widowed 
mother to keep the home together and to care for two younger brothers. A wage-earner 
during the day, young Bramley was a student in the evening, taking technical classes, 
first at Elland and later at Halifax Technical College. His attendance at Halifax involved 
a train journey at the end of the day’s work, but was nevertheless kept up for many years 
until in 1904 he was appointed to the staff of the College. 

Two years later Bramley gained a County Scholarship and a National Scholarship in 
chemistry and these awards enabled him, at the age of twenty-eight, to proceed to the 
Royal College of Science. Here he distinguished himself in all the subjects of the cur- 
riculum, and finally, in 1909, he was awarded a First Class Associateship in Chemistry. 
For some time thereafter Bramley acted as assistant-demonstrator in the Chemical Depart- 
ment of the College, and later he became associated with the writer in various physico- 
chemical investigations, studying, among other things, the decomposition of ferric and 
cupric thiocyanates by water and the influence of sucrose and salts on the solvent power 
of water. 

Bramley was an indefatigable worker, and while collaborating with the writer he was 
at the same time engaged on his own account (frequently till late at night) on an extensive 
experimental study of the properties—more especially the viscosities, melting points and 
heats of reaction—of binary mixtures. These investigations, carried out with remarkable 
accuracy and thoroughness, were the subject of four papers communicated to the Society 
in 1915—1916, and earned for him in the latter year the degree of Doctor of Science of the 
University of London. 

After a short time on the scientific staff of British Dyes, Ltd., Bramley was appointed 
as head of the Department of Pure and Applied Science at Loughborough College, and this 
post he occupied till his death. In this responsible position he first devoted his energies 
to the development of the necessary theoretical and practical courses appropriate in an 
institution mainly concerned with engineering, but it was not long before he initiated a 
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comprehensive research on the gaseous cementation of iron and steel. The thoroughness of 
technique and the accuracy of analytical practice which had been characteristic of 
Bramley’s earlier work were eminently shown in this new field, and with the assistance 
of a number of keen research students, a succession of papers issued from the Loughborough 
laboratory. 

The conditions for the uniform cementation of steel bars at high temperatures were 
worked out in detail and the extent and character of the penetration were deduced from 
the analysis of turnings stripped off successively from the cemented bars. Thanks to the 
careful control of the conditions and the accuracy of the analyses, a high degree of re- 
producibility was achieved, so much so that a mathematical treatment of the results 
showed them to be entirely in harmony with Fick’s law of diffusion. 

As a gaseous atmosphere for cementation, carbon monoxide alone was first employed, 
and later a stream of this gas carrying the vapour of hydrocarbons such as toluene, or 
of nitrogenous compounds such as ammonia, acetonitrile, and pyridine. Experiments 
carried out under the latter conditions showed the extent to which carburisation may be 
stimulated by the presence of the nitrogenous materials and permitted also an exact study 
of the distribution of nitrogen, as well as carbon, in the cemented zones. The conclusions 
drawn from the analytical results were confirmed by an extensive series of micrographs ; 
these proved, for example, that the presence of nitrogen entirely alters the micro-structure 
of iron and carbon alloys. All this work on gaseous cementation and on diffusion of carbon 
and nitrogen into iron and steel was published in the Carnegie Scholarship Memoirs of the 
Iron and Steel Institute, and the value of Bramley’s contribution to our knowledge in 
these fields was recognised by the Institute’s award of the Carnegie Gold Medal in 1928. 

Experience in the field of research just described led to an investigation of an allied 
problem, namely, the equilibria between mixtures of carbon monoxide and carbon dioxide 
under various pressures in contact with steel. This work, an account of which appeared in 
the Journal of the Society in 1932, was carried out with steels of different carbon content 
and at temperatures between 750° and 1150°. The results were such as to permit certain 
deductions in regard to the iron-carbon equilibrium diagram. 

Bramley was a man of simple kindly character and straight dealing, who, both in himself 
and through his younger collaborators, exemplified the virtue and value of steady sound 
work. His native ability was coupled, as the present writer gladly testifies, with a notable 
capacity for loyalty and friendship. Although fond of travel, Bramley was a real home 
lover, and he was fortunate in his domestic life; his wife, who survives him, was a constant 


support and help throughout his career. 
J. C. PHIip. 





SAMUEL FRANCIS BURFORD. 
1857—1935. 


SAMUEL FRANCIS BuRFORD was born in 1857 and was articled to his father (a retail chemist). 
In 1880 he passed the qualifying examination of the Pharmaceutical Society, and in 1883 
gained the major qualification. He studied analytical chemistry under Dr. John Muter, 
and it was this special course of study which profoundly influenced his later life. On the 
completion of his studies he commenced business as a homcepathic pharmacist and also 
established an analytical practice. He later gave up his business as a chemist, and 
devoted his whole time to professional work. He was a skilful and conscientious analyst 
and soon won a reputation for sound reliable work. In addition to his private practice 
he was appointed analyst to the Leicester Corporation Sewage Works, Water Works, and 
other departments. In 1913 he was appointed Public Analyst for Leicester, and retained 
this important post until his retirement in 1929. 

Burford never forgot his debt to pharmacy, and was in fact President of the Leicester 
and Leicestershire Chemists Association until a short time before his death. He took a 
great interest in all branches of chemistry, and in addition to his Fellowship with the 
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Institute of Chemistry, he was a member of the Society of Public Analysts and the Society 
of Chemical Industry. He was elected a Fellow of the Chemical Society in 1891. 

Burford was an earnest and active Free Church worker. He was Hon. Secretary to the 
Leicester Highfields Hospital, and associated himself with numerous other benevolent 
institutions. His life was spartan in its utterly unselfish simplicity. He was generous, 
broad-minded, and understanding. He had a charming personality, a ready wit, and 
a delightful sense of humour, and his ready sympathy and practical kindliness endeared 
him to everyone; he never lost an opportunity of doing good. 

Burford’s wife predeceased him by only a month; doubtless his sorrow hastened his 
ownend. He leaves a son and a daughter, to whom our deepest sympathies are extended. 

SAMUEL B. BRATLEY. 





HARRY COOPER. 
1888—1935. 


THE many friends and former colleagues of Mr. Harry Cooper were both pained and 
surprised at the news of his sudden death following an operation for appendicitis in Calcutta 
on August 28th, 1935. 

Cooper was a native of Hythe, Kent. He was educated at the Elementary School, 
Sandgate, left at the early age of 14 to enter pharmacy, by the old-fashioned though ex- 
cellent method of apprenticeship, and served four years with a local chemist at Hythe. 
Whilst extending his experience in pharmacy, he passed both the minor and the major 
examination of the Pharmaceutical Society at his first attempts, the former in 1912 and the 
latter in 1913. 

In August, 1913, he entered the service of Burroughs Wellcome & Co., Manufacturing 
Chemists, Dartford, and remained there for six years, gaining experience in analytical and 
manufacturing methods. Although during the War he was fully engaged in important 
work connected with medical supplies, he spent his leisure time in military training with the 
4th Vol. Batt. Royal West Kent Regiment, one of the platoons in the Dartford Company 
being made up solely of employees of Burroughs Wellcome & Co., and Cooper attained the 
rank of sergeant. 

In August, 1919, after his marriage to Miss Daisy Prosser, a former colleague, he pro- 
ceeded to India on the staff of Smith, Stanistreet & Co. Ltd., Calcutta, and was Works 
Manager and Director of this Company at the time of his death. In 1919 he became a 
Fellow of the Chemical Society. 

Whilst in India, apart from his service to the firm to which he was attached, he became 
closely associated with the activities of the chemical and pharmaceutical trade and rendered 
invaluable service to Indian pharmacy. He was Vice-president of the Institution of 
Chemists (India), acting as hon. secretary from its inauguration in 1928, was co-opted a 
member of the Faculty of Science of Benares Hindu University, and was a member of the 
Board of Studies in pharmaceutical chemistry and an examiner for the B.Sc. degree of the 
University. He rendered valuable service to the Government of India Drugs Enquiry 
Committee, of which he was a member, and toured the country in 1930—1931 to enquire 
into the purity of drugs manufactured and imported into India, and to report upon the 
necessity for legislation to restrict the practice of pharmacy to duly qualified persons. In 
March last he was elected President of the Bengal Pharmaceutical Association and was 
keenly interested in raising the status of pharmacy in India. His death will be a great loss 
to Indian pharmacy, as he had considerable knowledge and experience of both chemistry 
and pharmacy. He wasa man of strong character, very hard-working, robust, and utterly 
fearless. He leaves a widow and one son, to whom great sympathy will be extended. 
He was only 47 years of age and in the midst of a career full of promise of credit to himself 


and of service to the community. 
H. A. D. Jowett. 
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EGBERT GRANT HOOPER. 
1855—1935. 


EGBERT GRANT Hooper was born at Bath on July 2nd, 1855, and died on September 17th, 
1935. He studied chemistry under Frankland at the Royal College of Science and proved 
himself an able student, acquiring from that great master not only a sound knowledge of 
general chemistry but the special technique of the examination of water which was of the 
greatest use to him in his subsequent career. In 1878 Grant Hooper joined the Govern- 
ment Laboratory, then situated at Somerset House and controlled by the late Dr. James 
Bell, F.R.S. He soon displayed his practical ability and was placed in charge of the work 
of the students in this Laboratory. It was not long before Grant Hooper was called upon 
to assist Dr. Bell in his pioneer work in the examination of foods and later in the work 
required for the monograph on “‘ The Chemistry of Tobacco.’’ For some years Grant 
Hooper was occupied in instruction in chemistry; he published one or two booklets on 
elementary chemistry. In 1881 the malt tax was abolished and the duty on beer was 
substituted, Grant Hooper thus being given the opportunity of utilising his studies on the 
chemistry of brewing to which he had devoted much time. He gavea series of lectures to 
brewing students and in 1882 published the “ Manual of Brewing, Scientific and Technical,” 
a work which was one of the most systematic of its time. The first edition was sold in a 
fortnight and a fourth revised edition appeared in 1891. It was reprinted several times 
and continued in use for many years. There is little doubt that the book fulfilled a 
demand, for it was one of the earliest to give precision and quantitative value to the 
various operations in an art which was slowly emerging from empiricism. Fortunately, 
Grant Hooper had considerable knowledge of mycology and was an expert microscopist, 
in this respect standing in the line of his predecessors in the Government Laboratory, and 
no doubt this contributed materially to his success as a brewing chemist. 

The systematic manner in which he surveyed a problem and set about its solution was 
a constant example to his younger colleagues. In the Laboratory, Grant Hooper found 
himself in the midst of a wide range of testing and investigation, in inorganic chemistry and 
in foods and drugs. Varied chemical subjects had to be considered on behalf of Govern- 
ment Departments, and in these Grant Hooper took a prominent part and acquired that 
wide grasp of technical matters which impressed all who worked with him. Doubtless it 
was this experience that enabled him to undertake successfully and at short notice many 
of the problems placed before him in his official career. Amongst these were his investiga- 
tions on the determination of arsenic in organic materials, on the metallic albuminates in 
connexion with poisoning by copper, and on the character of the explosive which brought 
about the Dinas Main Colliery disaster. In 1912 he was appointed Deputy Government 
Chemist and remained in this post until his retirement in 1919. 

Grant Hooper was an active supporter of the principal Chemical Societies and served 
on the Councils of the Chemical Society, the Institute of Chemistry (of which he was a Vice- 
President), and the Society of Chemical Industry, being an original member of this Society. 
He served the last body on its Publication Committee for a long period and was Chairman 
of its London Section. To those who worked with him, Grant Hooper was courteous and 
helpful, ready to give them the benefit of his knowledge and anxious to advance their welfare. 
While in the Government service he received offers of positions in other Laboratories and 
in the academic world, but he preferred to remain at the Government Laboratory. 

J. J. Fox. 





CHARLES THOMAS KINGZETT. 
1852—1935. 


CHARLES THOMAS KINGZETT, whose death occurred on July 29th, had been a Fellow of 
the Society for more than sixty years, for he was elected on April 3rd, 1873. 

During his long life, which was prolonged beyond the scriptural span of fourscore years, 
he had interested himself in all the main movements and developments for the professional 
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betterment of British chemists. He-was one of the Founders of the Institute of Chemistry 
in 1877 and an original member of the Society of Chemical Industry from its inception in 
1881. He was also a prominent member of the Society of Public Analysts. At various 
times he served on the Councils of these three learned Societies. 

Kingzett, who was born in Oxford, received his earliest training in chemistry as a 
junior assistant in the then new Oxford University Laboratories. In this capacity he was 
privileged to attend the practical classes of the Demonstrator (Mr. Vernon Harcourt) and 
the lectures on inorganic and organic chemistry delivered by the Waynflete Professor 
(Sir Benjamin Brodie). This introduction to chemistry occurred during Kingzett’s 
fourteenth year. He made full use of these exceptional opportunities by utilising the 
laboratories after working hours and during vacations, so that he soon qualified himself 
to prepare the demonstrations of H. G. Madan, who had succeeded Harcourt on the latter’s 
appointment to the Lee Readership in Chemistry at Christ Church. He worked through 
and beyond the regular course followed by undergraduates reading for honours, acquired 
some skill in glass-blowing, and prepared many of the chemical reagents and standard 
solutions required in the several laboratories. He also received some personal tuition in 
theoretical chemistry from John Robinson, private assistant to Brodie, who was then 
actively engaged in his well-known researches on ozone and its properties. 

In his seventeenth year, Kingzett passed a Local Examination as an “ Associate in 
Arts” of the University of Oxford, chemistry being one of the special subjects, and as a 
mark of distinction he was presented with a well-bound copy of Macaulay’s “ Essays.” 
Soon after this event he took up teaching, first in Oxford and then in Bloomsbury, London, 
At that time his ambition was to secure appointment as science master in some public 
school, and he actually became a candidate for such a post at Clifton College but was 
unsuccessful. This disappointment became a turning point in Kingzett’s career, for 
during 1870 he was engaged by Walter Weldon of manganese recovery fame as a young 
chemist to work in a laboratory near London (Putney) in connexion with industrial pro- 
cesses concerning, in the main, the manufacture of chlorine and the recovery of sulphur 
from alkali waste. Certain of these investigations were tested on a manufacturing scale 
at Gamble’s chemical works at Hardshaw Brook, St. Helens. About this time, Kingzett 
contributed a series of articles to “Iron” on the alkali trade which were afterwards 
published (1877) in book form under the title of “‘ The History, Products and Processes 
of the Alkali Trade.” 

Leaving Weldon’s employment in 1872, Kingzett was appointed chemist and technical 
manager of a soda works in Liverpool run by Thomas Snape and subsequently he became 
for a short time assistant to Professor A. H. Church at the Royal Agricultural College, 
Cirencester, in succession to Edward Kinch. After these brief engagements he became 
chief chemical assistant to Thudichum at Kensington, where the latter was then com- 
mencing his prolonged researches on the chemistry of brain matter. These investigations, 
which included also studies of bile, blood, and urine, were supported by grants from the 
Local Government Board. Accounts of these researches in brain chemistry were published 
in Governmental Blue Books and described in Kingzett’s book on ‘‘ Animal Chemistry, or 
the Relations of Chemistry to Physiology and Pathology,” published in 1878. Original 
contributions on these and kindred subjects were also published in the Journal of the 
Chemical Society. 

In 1877 Kingzett and Dr. B. H. Paul entered into partnership as Analytical and Con- 
sulting Chemists, their laboratories being situated in Leadenhall Street, London, and 
Victoria Street, Westminster, but this collaboration only lasted for two years, after which 
Kingzett pursued independently a study of the aerial oxidation products of various 
terpenes and essential oils, a subject which had long interested him. His first paper on 
this topic was submitted to the Chemical Society in 1874 after a preliminary note to the 
Chemical News in 1872. Although originally Kingzett had no intention of turning the 
results of his observations to practical account, the necessity of securing a larger income 
than his earlier work had afforded led him, now that he had married in 1878, to patent the 
process and then to start the manufacture of these oxidation products, which became 
known under the generic name of “ Sanitas.”” In 1878 he formed and became Managing 
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Director and Chemist of the Sanitas Company, Ltd., in which he subsequently became 
Chairman, retaining this position until he resigned from the office in 1926. The trading 
and commercial records of the Sanitas Company, which he directed for nearly 50 years, 
bear witness to a rare combination of scientific outlook with business acumen, 

In the earlier years of this long period Kingzett maintained his analytical and con- 
sulting practice; he also continued to carry on chemical investigations and to make 
contributions to chemical literature. 

During the years 1874—1877 Kingzett was foremost in a movement initiated by a 
group of the younger Fellows of the Chemical Society to effect certain reforms within the 
Society which to them appeared desirable. One burning question turned on the respective 
values of the Fellowship and the Associateship, the latter being a grade of membership 
which had failed to secure adequate support. It is to-day almost impossible to appreciate 
the circumstances in which these discussions took place, and in the present notice it is 
undesirable to revive the fires of an old controversy. Some heat was engendered which 
in Kingzett’s opinion took time to dissipate. The upshot of the movement was the 
formation of the Institute of Chemistry in 1877; Kingzett was then elected to the first 
Council of the new body, Although as recently as the end of last March he was opposed 
to the formation of the new Chemical Council, it is of interest to remember that he was 
an early advocate of the still unrealised Chemistry House. 

Kingzett was a prolific writer who in spite of business cares and responsibilities made 
many noteworthy contributions to the literature of his day on the most varied topics of 
pure and applied chemistry. 

His first communication to the Chemical Society’s Proceedings (J. Chem. Soc., 1873, 
p. 456) was on the “‘ Formation of sodium sulphide by the action of hydrogen sulphide 
upon sodium chloride.” Two years later (J. Chem. Soc., 1875, p. 405) he described the 
isolation for the first time of calcium hypochlorite, obtaining this salt in a crystalline form 
by slow evaporation from aqueous solutions under reduced pressure. In a subsequent 
paper (J. Chem. Soc., Trans., 1880, p. 792) on the “‘ Atmospheric oxidation of phosphorus 
and some reactions of ozone and hydrogen peroxide ” he established the fact that when 
phosphorus is oxidised by air or oxygen while partly submerged in water, not only is ozone 
formed (as was formerly supposed) but hydrogen peroxide is also produced (which was 
not formerly known) and dissolved in the water. He also published several papers on 
his favourite subject, the aerial oxidation of terpenes and allied substances. His original 
communications published either alone or in collaboration amounted to upwards of seventy 
separate contributions to various scientific journals. Much of this information concerning 
Kingzett’s scientific activities was summarised by himself in a booklet entitled “‘ A Chemical 
Retrospect,”’ extended and revised to March, 1929. He had a passion for annotating and 
I have a copy of this autobiography revised with copious marginal notes up to a year or 
two before his death. Throughout his long life Kingzett was a diligent and systematic 
reader of current scientific literature. In this way he kept himself abreast of modern 
ideas and recent discoveries. In 1917 he published a treatise entitled ‘‘ Chemistry for 
Beginners,”’ which has since reached its fourth edition, issued in 1922 with the modified 
title of “‘ Chemistry for Beginners and Schools.” In 1919 there appeared his ‘‘ Popular 
Dictionary of Chemistry,” which reappeared in its third edition with the new title of 
“ Chemical Encyclopedia.” The fifth edition, published in 1932, is a work of more than 
1000 pages 8to, which is much more comprehensive than the earlier issues. Apart from 
its technical merit, it is remarkable as the compilation of an octogenarian who subsequently 
gave continuous attention to the preparation of a sixth edition until a breakdown in 
health caused him to desist. 

These last literary efforts were characteristic of the man. He had an alert and enquiring 
mind which ranged over the whole field of chemistry and the allied sciences. An omni- 
vorous reader, he collected and sorted systematically the information he had gathered. 
His earlier business pursuits had provided him with sufficient wealth to indulge to the 
full in his main pleasure and recreation—the pursuit of knowledge for its own sake. Even 
at an advanced age he was indefatigable as an encyclopedist. 

As was manifested by his prominence in the movement for founding an Institute of 
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Chemistry, Kingzett was a man of highly definite views and firm opinions, which he main- 
tained uncompromisingly. His earliest venture into print on a theoretical topic was 
published in his nineteenth year on the “ Oneness of matter,” in which he advanced the 
view that there is but one unit substance or elementary matter which was not hydrogen. 
From time to time he supported his original thesis with ingenious arguments devised to 
show that the allotropic varieties and “ so-called ” isotopes of the elements and indeed 
all chemical substances are “‘ dependent upon relationed redistribution of energy and 
matter.” He was at one with modern schools of thought in denying the existence of the 
aether of space. He also had original views on transmutation, catalysis, enzymes, and 
vitamins. With some practical knowledge of what he termed animal chemistry, he was 
critical of certain developments in this branch of chemical science. The concluding sen- 
tence of his annotated ‘‘ Retrospect” is not without present-day significance: ‘‘It is 
remarkable that many of the communications respecting biochemistry secure publication, 
and still more so that they should be favoured with the superabundant and costly abstracts 
given to them in English chemical journals.” 

Although consistently a student and investigator, Kingzett did not disdain the social 
aspects of life. In 1877 he became a Freeman of the City of London as a member of the 
Needlemakers’ Company. In the same year he joined the ranks of Freemasonry (Quad- 
ratic Lodge), becoming Master in 1886. He was a member of a pleasant social club known 
as the “‘ Wanderers,” which held weekly meetings with lunch at various old hostelries in 
and around London. There and at home he was a genial host and charming companion 
with wide knowledge and culture and with deep human sympathy. 

Kingzett was twice married and his second wife, née Lilian Mina Briggs, predeceased 
him by a few months. He is survived by two sons and a daughter of the first marriage. 

G. T. MorGan. 





FREDERICK LAWRENCE OVEREND. 
1863—1935. 


FREDERICK LAWRENCE OVEREND, who came of an old Yorkshire family, was born at 
Rochdale Road, Cheetham Hill, Manchester, in 1863 and died at Walsall on June 5th, 
1935, at the age of 71. He was educated at Manchester Grammar School, and in 1878 won 
an open exhibition to Jesus College, Oxford, obtaining an honours degree in Natural 
Science. 

His first appointment as Science Master was in 1888 to Blair Lodge (Scotland) ; he left 
there in 1896 to take up a post at Sheffield Grammar School, and six years later (1902) 
proceeded to Queen Mary’s School, Walsall, where he remained until his retirement through 
ill-health in 1921. 

While at Oxford, Overend was a keen athlete; he played cricket and Rugby football 
for his College, and was in the trial eights in 1881, being coach of Jesus College boat. He 
took a great interest in the Queen Mary’s School Cadet Corps; in 1914, he was a captain 
in the 5th South Staffordshire Territorial Battalion and at the outbreak of war immediately 
volunteered for active service abroad. Owing to his age, he was not at first accepted; 
but he carried out valuable recruiting work in various parts of the country and in 1916 was 
sent to France in charge of a labour battalion. He was frequently under fire and had 
a number of narrow escapes before being invalided home. He was awarded the Territorial 
Decoration and retired with the permanent rank of Major. 

Apart from his professional work, Overend was a prominent Freemason, and was keenly 
interested in golf, art, music and drama. His widow and five daughters survive him. 

Overend was elected a Fellow of the Society on June 16th, 1887. 
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WALTER RITCHINGS. 
1879—1935. 


WALTER RitcHincs,Headmaster of the Nether Edge Secondary School, Sheffield, died on 
August 5th, 1935, at Glasgow. He and Mrs. Ritchings had just commenced a motor tour 
in Scotland as part of the summer vacation when he was taken suddenly ill near Oban. 
He died shortly after an operation for peritonitis at a Glasgow nursing home. In these 
sudden and tragic circumstances sincere sympathy is felt for his widow and family. 

Ritchings was born in Bacup, Lancashire, on May 18th, 1879, and was the son of Charles 
and Hannah Ritchings. He began his education at Burnley and proceeded as a scholar 
to Owen’s College, Victoria University of Manchester, after he had spent some time in the 
cotton industry. He obtained the B.Sc. degree with first class honours in chemistry in 
1904. He began his teaching career as a science master at the Fishguard County School 
in the same year, and joined the staff of the Burnley Grammar School in 1905. 

While at Burnley Grammar School Ritchings gained the degree of M.Sc. Manchester 
in 1907. His next appointment was at the Cowley School, St. Helens, Lancs., in 1912 as 
Senior Science Master. In 1920 he became Senior Science Master at the Central Secondary 
School, Sheffield, and early in 1929 was appointed Headmaster of the Nether Edge Second- 
ary School. 

Ritchings was an Associate of the Institute of Chemistry. He was undoubtedly a 
science teacher of rare ability, possessing a deep and extensive knowledge of the growth 
and history of science, and of chemistry in particular, coupled with an unusually keen 
insight into scientific principles. His presentation of his subject was forceful, attractive, 
and comprehensible even to the weaker students. Those who heard him were inspired 
by his enthusiasm. He understood the nature and difficulties of the boys he taught and of 
the students to whom he lectured. He will always be remembered by them not merely 
as a teacher, but as a friend who was ever ready with invaluable encouragement and advice 
to help them along the road to success. 

When Ritchings was appointed Headmaster of Nether Edge Secondary School, Sheffield, 
the school had only been opened about two years. His brilliant organisation and originality 
of ideas, together with the whole-hearted loyalty of his staff, soon placed the school in a 
high position among the educational institutions of Sheffield. It is to him particularly 
that the science department of the school owes its efficient equipment and scholarship 
results. 

That Ritchings was not spared at least a few more years to see some of the fruits of his 
labours was deeply regretted by all with whom he was working. He was engaged on the 
plans for the new school building just before he died. He was laid to rest in the grounds of 
Ecclesall Church, Sheffield, where a large gathering of mourners attended the funeral on 
August 9th. Among those present were representatives of the Sheffield Education Com- 
mittee and Office Staff, the Furnival and other Lodges of the Freemasons, and the School 
staffand boys. Theaddress was delivered by the Reverend Sorby Briggs, Vicar of Walkley, 
one of his former pupils, in whose estimate of him the following words stood out convincingly : 
“ Undoubtedly Walter Ritchings was a great teacher. He understood boys. He knew 
them and respected them. He always taught us to be fighters—fighters against all that 


was sham, useless and empty.”’ 
FREDERICK POoTtTs. 





GEORGE WILLIAM SLATTER. 
1851—1935. 


GEORGE WILLIAM SLATTER was born in 1851. In 1878 he became an Associate of the 
Royal College of Science, and two years later science master in the Salt Schools at Saltaire 
(1880—1888). During this period he published a text book, “ Outlines of Qualitative 
Analysis.’’ He was elected a Fellow of the Chemical Society in December, 1878, and a 
Fellow of the Institute of Chemistry in 1880. 
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Attracted by the industrial side of chemistry, Slatter acted as chemist for the large 
Saltaire Mills for 24 years. The Society of Dyers and Colourists appointed him as their 
Honorary Secretary for the Bradford Section, a post he held from 1899 to 1904. His 
services to this Society included membership of the Council and the Publication Committee 
and the submission of papers, such as “‘ The Eye and Colour Sensation.”’ From 1903 to 
1919, he was managing director of Wm. Lynd & Co., Soap Manufacturers, of Leeds. For 
15 years he was consulting chemist to the Shipley Urban District Council. Having 
moved south, he was appointed gas examiner for Teignmouth, Budleigh Salterton, and 
Paignton by the Gas Referees of London. 

Unfortunately, ill health, causing loss of memory, since 1920 incapacitated my old 
friend and he lived in retirement at Bournemouth in the excellent care of his devoted wife 
and a lady companion. His death took place on June 22nd, 1935. 

In his prime he took an active interest in sports and was chiefly instrumental in starting 
the Shipley Golf Club and the Saltaire Tennis Club. 

I shall always hold “ G. W. S.”’ in affectionate remembrance as one of the most amiable 


and modest of men. 
F. W. RICHARDSON. 





CHRISTOPHER CAIGER SMITH. 


CHRISTOPHER CAIGER SMITH began his career as a student of chemistry at University 
College, London, in October, 1920, obtaining the B.Sc. degree with first class honours 
in 1922. After a period of research on the ionisation of aromatic nitro-compounds 
in liquid ammonia, carried out under the direction of Dr. (now Professor) W. E. Garner, 
the results of which were published in the Journal (1925, 127, 1227), he obtained a 
post in the Chilean Nitrate Industry, where he carried out several excellent investigations 
which gave rise to new and improved processes. On returning from Chile, Smith entered 
the service of Imperial Chemical Industries, Limited, going to Billingham in 1927. After 
two years at Billingham he was appointed by the firm to be Technical Manager of their 
associated Company at Rivadavia in the Argentine, in which country he stayed for two years 
and was responsible for improvements in the factory and developments of several new pro- 
cesses. He returned to Billingham at the beginning of 1932, and was transferred later to 
the Head Office of the firm in London. 

His death was due to a tragic accident which occurred on September 10th, 1935, caused 
apparently by his slipping from a rock into the sea whilst photographing waves on the 
Cornish coast. 

Smith was a man of strong and fearless character, and noted for his ability in swimming, 
boxing, and riding. Music was one of his hobbies, and he played the ’cello well. He was 
extremely popular with all who knew him, both during his College course and in after life. 
His tragic death is deeply felt by all his friends and associates. He was married and had 


two children. 
F. G. DONNAN. 





ANDREW JAMIESON WALKER. 
1873—1935. 


ANDREW JAMIESON WALKER came of a Scottish family long resident in Ireland, but was 
born, on November 30th, 1873, at his grandfather’s house in Helensburgh, Dumbartonshire. 
He was one of seven brothers, all of whom spent their boyhood at Kilcadden, Killygordon, 
County Donegal. In 1891 he entered Queen’s College, Galway, where he became Junior 
Scholar in classics and modern languages and Senior Scholar inchemistry. After graduating 
B.A. of the Royal University of Ireland in chemistry and physics in 1894, he remained as 
demonstrator in chemistry under the late Professor Alfred Senier until 1896. 

Walker then studied in Germany and in 1896 matriculated at Heidelberg and had the 
privilege of attending the lectures of Victor Meyer, and carrying out research with Auwers. 
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The degree of Ph.D. was awarded to him for his thesis entitled ‘‘ Uber das kryoscopisches 
Verhalten von o-Cyanphenolen,”’ which was published in 1898. An account of the work 
appears in Berichte, 1898, 31, 3037. About this time the researches of Victor Meyer on 
steric hindrance were attracting much attention and Walker’s thesis contained details 
regarding the impossibility of hydrolysing 6-nitrosalicylonitrile to the corresponding acid. 
At the same time he came under the influence of Gattermann, and on many occasions, in 
teaching, in private conversation, and in writing, he expressed his admiration for the 
methods of laboratory instruction which he employed. - 

In Heidelberg Walker came to know his fellow student, O. E. Mott of London, with 
whom he was afterwards closely associated, and shortly after his return from Germany 
he approached Dr. A. F. Holleman, at that time Professor of Chemistry in Groningen, 
Netherlands, with a view to preparing an English translation of his “‘ Organic Chemistry,”’ 
which had already achieved an almost unique reputation on the continent. Walker was 
at that time ignorant of Dutch, but with his knowledge of German and the aid of a 
dictionary, and assisted by Dr. Mott, he completed the task and presented English-speaking 
students with a manual which, unlike many translations, was noticeable for the clarity 
and purity of its style. In later years Walker again collaborated with Mott in the pro- 
duction of a small work entitled “‘ An Introduction to Volumetric Analysis ’’ and was also 
the author of Volume II—“ The Alkali Metals and tneir Congeners’’—of Dr. Friend’s 
“‘ Text-Book of Inorganic Chemistry.” 

Walker’s first teaching appointment in England was at the Borough Polytechnic in 
1898. In 1900 he was appointed Head of the Chemistry Department at the Technical 
College, Derby, which had been opened in 1899, where he was soon joined by Mott. 

It was in September, 1904, that the writer became a student of Walker’s and remained 
under his tuition for three years. His quiet, dignified, and yet very kindly manner greatly 
impressed him; those who knew Walker well do not care when thinking of him to use the 
terms ‘‘ handsome ”’ or “‘ good-looking.’’ There was something more than that in his tall 
and straight figure—something which would cause most people to look at him a second time 
and that with pleasure and instinctive trust. 

His first-year lectures were greatly enjoyed. They were clearly given and the ex- 
periments were well chosen, simple and often unusual. In the second and third years the 
number of students was fewer and the organic chemistry class was more in the nature of 
private tuition. For the text-book instruction of his students he always enjoined the two 
Hollemans, the two Treadwells, Gattermann, and James Walker’s “ Physical Chemistry ’’— 
a very sound combination, although a distinctly more exacting standard in the last-named 
branch of the subject is now required. 

Walker spared no trouble with his students and was always ready to help them over 
difficult points in laboratory operations, but he exacted a high standard of attainment. 
He could always be relied upon for help with the various activities of the Students’ Associ- 
ation and frequently attended its meetings. 

His interest in students was not, however, confined to the laboratory or to their college 
life, but continued long after they had passed out of his hands, and with many of them he 
remained in correspondence. The writer’s friendship with him, which began soon after 
leaving his laboratory, lasted till his death and was maintained by letters and by frequent 
visits. 

During his first few years at Derby, Walker carried out, in collaboration with Miss 
Elizabeth Smith, an investigation of the properties of o-cyanobenzenesulphonic acid and 
its derivatives (J., 1906, 89, 350). The corresponding chloride was obtained from “ sac- 
charin’’ by heating with phosphorus pentachloride in a sealed tube. On one occasion 
the contents of all the tubes were found to be badly charred, whereas the sulpho-chloride 
was normally pale yellow. It was found that the commercial ‘“‘ saccharin ’’ employed had 
been adulterated with cane sugar. In 1914 he published a note in the Proceedings (p. 139) 
with Farmer entitled “ Influence of the dilution of hydrogen peroxide on the velocity of 
precipitation of manganese from ammoniacal solutions in presence of zinc.”’ 

Shortly after the outbreak of war Walker and his colleague, Dr. P. E. Bowles, also a 
Heidelberg graduate, collaborated with Mr. Oliver Wilkins of Derby in the manufacture 
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of certain dye-intermediates at the colour-works at Derwent Bridge. Here $-naphthol 
was manufactured in 1916, probably for the first time in England. 

Shortly after this Walker resigned his post at Derby and spent some years in technical 
research work, much of which was carried out in the laboratories of the Institute of Chemistry 
in Russell Square. On his appointment as H.M. Inspector under the Board of Education he 
became responsible for the supervision of technical institutions in Hertfordshire, Bedford- 
shire, and Cambridgeshire, and acted as expert inspector for the teaching of organic 
chemistry in many technical colleges in different parts of England. From this time until 
his death he lived in Harpenden. 

Dr. Owen E. Mott, writing recently in appreciation of Walker, said “it is impossible 
to imagine a better or more considerate chief ’’ and laid special stress on the uprightness 
of his character and the certainty with which he could be relied upon for fairness and 
consistency. 

Dr. P. E. Bowles, another chemical colleague at Derby, writes: ‘‘ He and I worked 
literally in the completest harmony for nearly six years and my respect for him is most 
profound and intense. His high principles were a very fine example to a younger man and 
the high respect he had for the profession of Chemistry must have created a better ap- 
preciation of that science than pertained in his young days.’’ Dr. Bowles closed his 
appreciation by referring to Walker as ‘‘ a very brave and courageous gentleman.”’ 

The letters quoted so far refer to his early middle life. Dr. A. E. H. Tutton, F.RS., 
speaks of his work as H.M. Inspector: ‘I saw a great deal of him after he joined our 
Inspectorate of Technical Schools, as he acted as Secretary of the Chemistry Committee, 
of which IwasChairman. His comingwasa great help to me and strength to the Committee, 
and his services were of very considerable value both to the Board and to the Schools, in 
which his reputation for sound knowledge and teaching power caused his visits to be much 
appreciated and very welcome. . .. The dullest business was rendered pleasant by his 
genial smile and jolly countenance.” 

The Registrar of the Institute of Chemistry, Mr. R.B. Pilcher, writes : “‘ He was a member 
of the Joint Committee of the Institute and the Board of Education from the inception of 
the scheme for the award of National Certificates in Chemistry. He was indefatigable in 
dealing with all details and a most valuable ‘ liaison ’ between the Institute and the Board, 
and the Institute and the technical institutions. . . . He was a master at summing up a 
discussion.”’ 

Walker believed in being prepared for all the minor eventualities of a chemist’s life and 
could always be relied upon to produce from one or other of his waistcoat pockets, a nickel 
spatula, a pair of crucible tongs and a folding metal rule. It is impossible to think of him 
without these adjuncts. Those who know him well will also recall with pleasure the 
characteristic play of the long fingers as he filled the bowl of a slender-stemmed pipe. 

He had a great love of the country, especially of its by-ways, and a particular affection 
for the county of Donegal. Asa student he was a keen cyclist, often riding from Donegal 
to Galway in the days of “‘ cushion ’’ tyres, and he rode a motor-cycle not long after the 
abolition of the red flag. He was entirely at home in any kind of boat, and was also an 
expert photographer. 

Just over a year after his retirement he passed away suddenly while driving his car. 
Mrs. Walker was with him at the time. He left a family of five daughters and a son, two 
of whom were of school age at the time of his death. He had, however, the great satis- 
faction of seeing the three elder girls obtain good positions. 

This account of his personality and work may fittingly close with a tribute, from one 
with whom he was closely associated for many years, which seems to the writer to sum up 
the man simply and yet most happily and completely : Mr. Ralph M. Archer, who was 
lecturer in physics for many years at Derby, writes: “ I can speak from long experience 
of his strong character and high courage. He had great organising and administrative 
powers. In manner he was quiet and dignified, and with strangers perhaps a little reserved, 
but his tactful strength and good-humoured reasonableness won the respectful affection 
of all his students. No one ever took any liberties with Dr. Walker, but no one who came 
to him for help or advice was sent empty away. Those who knew him well knew a shrewd, 
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warm-hearted and humorous personality with a strong sense of justice, and high ideals 


in science and education—and they will miss him sadly.”’ 
FREDERICK CHALLENGER. 





FRANCIS SAMUEL YOUNG. 
1871—1934. 


FRANCIS SAMUEL YOUNG was born at Harlow, Essex, on October 14th, 1871. He was 
educated at Bishop’s Stortford College and Queen’s College, Oxford, where he had gained 
an open scholarship in Science. On going down from Oxford he joined the staff of Mill 
Hill School as a science master. In 1900, at the age of 28, Young was appointed Head- 
master of his old school, Bishop’s Stortford College. He retired from this position in 
December, 1931, and took orders in the Church of England. He served as Curate at Church 
Stretton, but after a short time illness necessitated his giving up his work and he made his 
home at Sawbridgeworth, where he died on September 2nd, 1934. 

Young gave his life work to Bishop’s Stortford, where, during 32 years of headmaster- 
ship, he served the College with most loyal devotion. He came to a small proprietary 
school of 85 boys and he changed it into a modern well-equipped Public School of 350 boys. 
The accomplishment of such a task tells its tale of true courage, of infinite patience and of 
abounding faith. Nor could it have been achieved if Young had not gained the respect 
and admiration of his colleagues, of parents and of boys. 

In his earlier days Young was a fine athlete. He rowed for his College at Oxford, he 
played Rugby Football for Rosslyn Park, and gained his Middlesex County Cap; he was 
a good cricketer and a keen mountaineer. 

In 1908 Young married Margaret Good and he has left also two daughters and one son. 

Generations of Stortfordians pay homage to his influence and acknowledge with deep 
gratitude all that he has meant to the school. Young was intensely ambitious for the school 
and never spared himself; in his life work he carried out to the full the ideal expressed in 
the school motto: “‘ Soli Deo Gloria.’’ 

H. L. PRICE. 
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Azo-compounds, o-hydroxy-, metallic derivatives, 
1598. 

Azo-group as chelating group, 1598. 

3-Azoxy-5-pyridylpyrazole, 4-nitro-, 420. 


Balance sheets. See Annual General Meeting, 541. 
Balata bromide, condensation of, with phenols and 
phenolic ethers, 1242. 
hydrochloride, action of zine dust and alcohol on, 
1239. 
a- and f-cycloBalata, 1241. . 
Barium iodate, solubility of, in salt solutions, 1416. 
Beckmann rearrangement, 1223. 
Beech, wax of felted coccus of, 391. 
Benzaldehyde, bromo-, bromonitro-, and nitro-deriv- 
atives, tolylhydrazones, 1620. 
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Benzaldehyde, w-bromo-, w-bromonitro-, w-chloro- and 
w-chloronitro-derivatives, bromo- and _ chloro- 
phenylhydrazones of, and _nitro-derivatives, 
bromo- and chloro-phenylhydrazidines of, 1007. 

o-chloro-, 2:4-dinitrophenylhydrazone, 152. 
3:4-dihydroxy-, derivatives, pyridine synthesis with, 
816. 

Benzaldehydes, o-nitro-, alkaline hydrolysis of azlact- 
ones from, 1265. 

Benzaldehydechloronitrophenylhydrazone-w-sulph- 
onic-2-f-acrylic acids, sodium salts, 1800. 

Benzaldehyde-2’-nitrophenylhydrazone-w-sulphonic-2- 
B-acrylic acid, sodium salt, 1800. 

Benzanilide imidochloride, condensation of, with 
substituted dialkylanilines in presence of an- 
hydrous aluminium chloride, 894. 

Benzanilide, 3:5-dibromonitro- and 3:5-dichloronitro- 
derivatives, 1006. 

1:2-Benzanthraquinonyl-5-acetic acid, 771. 

1:9-Benzanthrone-8-carboxylic acid, preparation of, 
from 8-bromo-1l-naphthoic acid, 571. 

cyclisation of, to 8:11-ketobenzanthrone, 573. 
methyl ester, and 11-hydroxy-, lactone, 575. 

Benzene, molecular refraction and polarisation of, 

728. 

action of aromatic aldehydes on, in presence of 
aluminium chloride, 72. 

complex compounds of, with 2:4-dinitro-2’-methyl- 
diphenyl-6-carboxylic acid, 1856. 

Benzene, l-bromo- and 1-chloro-2:4-dinitro-, effect 
of inert substances on velocity of reactions of, 
with aniline, 1411. 

nitro-, polarisation of, in various solvents, 504. 
electrical polarisation of concentrated solutions 
of, 609. 
1:4-dinitro-, 1:3:5-trinitro-, and 2:4:6-trisubstituted 
derivatives of the latter, dipole moments of, 957. 
2:4-dinitrobromo-, velocity of reactions of, with 
aromatic primary amines, 1410. 

Benzeneazoacetoacetic acid, 3:5-di- and 3:4:5-iri- 
bromo-, 3:5-dichloro-, and 3:5-dichloro-4-bromo-, 
ethyl esters, 1007. 

Benzeneazo-y-bromoacetoacetic acid, 
3:5-dichloro-, and 3:5-dichloro-4-bromo-, 
esters, 1008. 

Benzeneazo-yy’-dibromoacetoacetic acid, 3:5-di- 
bromo-, 3:5-dichloro-, and 3:5-dichloro-4-bromo-, 
ethyl esters, 1008. 

Benzeneazo-f-naphthol, 3:5-dibromo-, 3:5-dichloro-, 
and 2:3:4:5-tetrachloro-, 1007. 

i Petnineemencince ener acid, 4-p-nitro-, 


3:5-dibromo-, 
ethyl 


eam, 3:5-dibromo-, and 3:5-dichloro-, 


3-Benzeneazo-2-phenylmethylindoles, 1211. 

Benzenesulphonimidoxanthen, 532. 

Benzenesulphon-l-naphthalide, bromonitro- and nitro- 
derivatives, 1593. 

Benzenesulphon-naphthalides, m-nitro-, 
salts, 1856. 

2’-Benzenesulphonylmethylaminodiphenylsulphone, 2- 
nitro-, 185. 

Benzenethiolsulphonic acid, and p-bromo-, o-nitro- 
phenyl esters, 898. 

a - ~ aeaaeteeatentens ecco ines, 

x 
3:4-Benzfluorene, and its derivatives, 1322. 
ei” > epeeaaaia ante ceecmemene and its picrate, 


Benzhydrylaminomethyleneacetoacetanilide, 1220. 
Benzhydrylaminomethylenemaionic acid, ethyl ester, 
anilide, 1219. 
£-Benzhydrylamino-a-phenylacrylonitrile, 1219. 
N-Benzhydryl-N’-p-chlorophenylformamidine, 1219. 


and their 


nitro-, 
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dl- and d-Benzhydrylidene-a-phenylethylamines, 1782. 
N-Benzhydryl-N’-p-methoxyphenylformamidine, 1219. 
N-Benzhydryl-N’-8-naphthylformamidine, 1219. 
N-Benzhydryl-N’-phenylformamidine, 1219. 
N-Benzhydryl-N’-p-tolylformamidine, 1219. 
Benziminazole-5-arsonic acid, derivatives of, and their 
trypanocidal action, 155. 
i and -di-bromo-m-toluidides, and nitro-, 
Benzo-f-butylamides, 1078. 
Benzo-4’-chloro-2’-nitrophenylhydrazide-2-8-acrylic 
acid, 1800. 
Benzoic acid, 1-acetyl-2-naphthyl ester, 870. 
ee derivatives, electrolytic dissociation 
of, 346. 
o-substituted derivatives, /-menthyl esters, rotation 
of, 1043. 
Benzoic acid, 2-iodo-3-hydroxy-, and its 3-acetyl 
derivative, 856. 
p-nitro-, p-sec.-butylphenyl ester, 140. 
p-nitro-, n-amyl ester, and 3:5-dinitro-, crotonyl 
and furfuryl esters, 289. 
m-mono- and 3:5-di-nitro-,/-menthyl esters, rotation 
of, 229. 
3:5-dinitro-, m-methoxybenzy]l ester, 1123. 
Benzoin, o-chloro-, and mm’ -dichloro-, 225. 
a-Benzoinoxime, compounds of, with bivalent metals, 
818. 
2-Benzo-o-nitroanilidophenyl methyl sulphide, 2-0- 
nitro-, 188. 
Benzo-2’ -nitrophenylhydrazide-2-8-acrylic acid, 1800. 
Benzophenone, 2-bromo-5-nitro-, 1238 
Benzophenoneoxime, rearrangement of, and _ its 
a-phenyliminobenzyl ethers, 1226. 
Benzo~y-pyrylium salts. See Chromylium salts. 
p-Benzoquinone, dipole moment of, 1698. 
thermochemistry and kinetics of reaction of, with 
cyclopentadiene, 829. 
addition of, to cyclopentadiene, 1511. 
Benzo-m-toluidides, nitro-, 1620. 
Benzoylacetone, copper salt, 733. 
2-Benzoyl-9-acetylcarbazole, 744. 
3-Benzoyl-6-acetylcarbazole, 744. 
— 4:6-benzylidene 2-methy! o-methylaltroside, 
2-Benzoylearbazole, 744. 
4-Benzoyldimethyl-a-naphthylamine, and its oxime, 
896. 
6-Benzoyl-2:7-dimethyl-1:2:3:4-tetrahydronaph- 
thalene, 82. 
o-Benzoylenebenziminazole, 5-chloro-, 1806. 
” ep eas ree )cyclohexanone, 
2-( 7 ces ce )eyclopentanone, 
1118. 
7 Sree 4-hydroxy-m-tolyl sulphides, 
238. 
Benzoylnitrophenyl-4-hydroxy-m-tolylsulphones, 1238, 
a-Benzoyloxyisobutyric acid, methyl ester, 716. 
2- and 4-Benzoylphenyl p-tolyl ethers, 4- and 2-nitro-, 
1238. 
6-Benzoylthiodiphenylamine, 3-nitro-, 342. 
2-Benzoyl 3-p-toluenesulphonyl 4:6-benzylidene a- 
methylglucoside, 1197. 
8-Benzoyl 2-p-toluenesulphonyl 4:6-benzylidene a- 
methylglucoside, 1198. 
Benzselenazole, l-amino-, and its acetyl derivative, 
1763. 
l-hydroxy-, and 1-thiol-, 1765. 
Benzthiazoles, bromo-, chloro-, and iodo-hydroxy-, 
1760. 
l-hydroxy-, mobility and ultra-violet absorption 
of derivatives of, 1755. 
Benzyl, free, preparation of, 381. 
61 
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Benzyl bromide, rate of reaction of, with nitro- 
benzylaniline and its derivatives, 16. 
effect of substituents on reaction of, with a-picoline 
and pyridine in various solvents, 519. 
2:4-dinitro-, 1843. 
chlorides, substituted, velocities of reaction of, 


Benzylacetone, o-hydroxy-, reactions of, 646. 
w-Benzylacetophenone, w-bromo-, action of, with 
aniline, 1032. 
Benzylaniline, 3- and 4-chloro-4’-nitro-, 18. 
nitro-, and its derivatives, rate of reaction of benzyl 
bromide with, 16. 
Benzyl-f-bromovinylmalonic acid, ethyl ester, 721. 
a-Benzyl-y-butyrolactone, 724. 
a-Benzyl-y-butyrolactone-a-carboxylic acid, 724. 
iso-a-Benzylcrotonic acid, and its silver salt and ethyl 
ester, 725. 
Benzyldimethylallylarsonium picrate, 398, 399. 
Benzyldimethylamine, p-amino- and p-nitro-, deriv- 
atives of, 872. 
Benzyl-8-dimethylaminoethylmalonic acid, ethy] ester, 
derivatives of, 724. 
Benzyldimethyl-n-propylarsonium picrate, 397. 
o-Benzylenebenziminazole, and 5-chloro-, 1806. 
SS ete and its oxime, 


B-(Benzylethylamino)triethylamine, and f-o-amino-, 
and f-o-nitro-, 1424. 

4:6-Benzylidene 2: 3-anhydro-a-methylalloside, 1196. 

ee 2:3-anhydro-a-methylmannoside, 


Benzylidene-p-tert.-butylbenzylamine, 1848. 

Benzylidenediacetophenones, o-hydroxy-, 
of, 85, 88, 1115, 1118. 

a es ee ee 


reactions 
o-hydroxy-, 


4:6-Benzylidene 2:3-dimethyl a-methylaltroside, 1197. 

4:6-Benzylidene a-methylaltroside, 1199. 

4:6-Benzylidene 2-methyl a-methylaltroside, 1197. 

4:6-Benzylidene 3-methyl a-methylaltroside, 1198. 

males d-Benzylidene-p-phenylbenzhydrylamine, 

Benzylmalonic acid, ethyl ester, condensation of, with 
ethyl a-bromosuccinate and fumarate, 420. 

¢- Renaphnethteahesbageniinnsts, 896. 

Benzylmethyldiethylarsonium salts, 398. 

5-Benzyloxyacetophenone, 2-hydroxy-, 
2-benzoyl derivative, 869. 

m-Benzyloxybenzaldehyde, 1540. 

3-Benzyloxybenzaldehyde, 6-nitro-, and 
atives, 1266. 

Benzyloxybenzoic acids, bromo-, ‘chloro-, and fluoro- 
1839. 

5-Benzyloxycinnamic acid, 2-nitro-a-amino-, a- 
benzoyl derivative, 1266. 

5-Benzyloxydibenzoylmethane, 2-hydroxy-, 869. 

7-Benzyloxyflavanone, 867. 

6-Benzyloxyflavone, 869. 

7-Benzyloxyflavone, 868. 

7-Benzyloxy-4’-methoxyflavanone, 867. 

7-Benzyloxy-4’-methoxyflavone, 868. 

m-Benzyloxyphenylacetic acid, 1541. 

itn peers 4-benzyloxystyryl ketone, 2-hydr- 
oxy-, 867. 

4-Benzyloxyphenyl 3:4-dibenzyloxystyryl ketone, 2- 
hydroxy-, 867. i 

mc si 4-methoxystyryl. ketone, 2-hydr- 
oxy-, 5 

4-Benzyloxypheny! styryl ketone, 2-hydroxy-, 867. 

5-Benzyloxytoluene, 2-nitro-, 1266. 

Benzylpyridinium bromide, 2:4-dinitro-, 1843. 

Benzylsuccinamic acid, o-amino-, and o-nitro-, 1278. 


and its 


its deriv- 
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Benzyltrimethylammonium chloride hydrochloride, 
p-amino-, 872. 
iodide, p-amino-, acetyl derivative, 872. 
Benzyltrimethylstibonium picrate, 399. 
Benzylvinylmalonic acid, ethyl ester, 721. 
Bergapten, and its derivatives, synthesis of, 813. 
Bile acids, synthesis of compounds related to, 429, 


= 7 hloro-o-nitrophenylamidophenyl disul- 
e, \ 

Spbanins-cctstitel diselenide, 1766. 
2:4-Bisbenzeneazophenol, 3:5:3':5’-tetrabromo-, 

-tetrachloro-, 1 
Bis-3-bromocamphor-10-mercury, 536. 
8-Bis-6-mono- and -4:6-dibromo-m-tolylurea, 1620. 
Bis-(6-carboxymethylhomopiperonyl)-8-piperonyl- 

ethylamine, 665. 
2:3-Bisdichloroacetyl benzylidene a- and f-methyl- 

glucosides, 1180. 
as eee 2:3-dibenzoyl a-methylglucoside, 
Bis-3-chlorocamphor-10-mercury, 536. 

oro-o-nitroanilinophenyl disulphide, 186. 
Bis(di-n-amylsulphide)palladium dichloride and di- 
nitrite, 1558. 
Bis(dibenzylsulphide)palladium dichloride, 1559. 
Bis(dibutylsulphide)palladium salts, 1558. 
4:4’-Bisdiethylaminodiphenylmethane, dinitro-, 58. 
Bisdiethylantimony, 371. 
Bis(diethylsulphide)palladium dinitrite, 1559. 
Bis-(3:4-dimethoxyphenyl)methylsuccinic acid, 641. 
5:12-Bi methylaminophenylchromanorufan, 1404. 
Bisdimethylantimony, 367. 
Bis(dimethylsulphide)palladium dinitrite, 1559. 
Bisdiphenylene-ethylene, 2:2’-difluoro-, dipole moment 
and structure of, 987. 

2:2’-di- and 2:2’:7:7’-tetra-nitro-, 1610. 
1:4-Bisdiphenylmethylene-4**-cyclohexadiene, 1404. 
Bis(diphenylsulphide)palladium dichloride, 1559. 
Bis(dipropylsulphide)palladium salts, 1558. 
4:4’-Bisethylnitrosoaminodiphenylmethane, 57. 
a5-Bis-(3-methoxy-4-ethoxyphenyl)-a-methylbutan-f- 

one, and dinitro-, 121. 
6:7:3’:4’-Bismethylenedioxy-2-benzenesulphonyl- 

1:2:3:4-tetrahydroprotopapaverine, 667. 
6:7:3’:4’-Bismethylenedioxy-2-carbamyl-6’-methoxy- 

methyl-1:2:3:4-tetrahydroprotopapaverine, 666. 
6:7:3’:4’-Bismethylenedioxy-8:6’-methyleneprotolaud- 

anosine and its methine, and their derivatives, 666. 
6:7:3’:4’-Bismethylenedioxy-8:6’-methylene-1:2:3:4- 

tetrahydroprotopapaverine, and its p-nitrobenzoyl 

derivative, b 
6:7:3':4’-Bismethylenedioxy-2- and -6’-methyl-1:2:3:4- 

tetrahydroprotopapaverines, and their picrates, 666. 
Bis(methylethylsulphide)palladium dichloride, 1558. 
ON-Bis-2:4-dinitrophenyl-O-aminophenol, 1313. 
Bis(phenylbutylsulphide)palladium dichlorides, 1559. 
aa=Bis(phenylthio)acetone, 1557. 
ay-Bis(phenylthio)propane, 1557. 

Bispyrimidazine, thioltrihydroxy-, 469. 
st 1 Qalmmnenrernccmeneninirenaiien 


— “\entantd dietitian anaes 


8-Bis-(8-quinolylmethyl)dimethylethylenediamine di- 
hydrobromide, 1426. 
1:4-Bis-(8’-quinolylmethyl)piperazine, 1426. 
Bis(tri-n-amylarsine)palladium dichloride, 1561. 
Bis(tri-n-amylphosphine)palladium dichloride, 1560. 
Bis(tri-n-butylarsine)palladium dichloride, 1561. 
Bis(tri-n-butylphosphine)palladium salts, 1560. 
Bis(triethylarsine)palladium dinitrite, 1561. 
Bis(trimethylarsine)palladium dichloride, 1560. 
Bis(tripropylarsine)palladium salts, 1561. 


and 
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Bis(tri-n-propylphosphine)palladium salts, 1560. 
Bis-o-urethanopheny] diselenide, 1765. 
Borotungstic acid, structure of, 580. 
Brauner Memorial Lecture, 1876. 
Bromine, effect of catalysts on addition of, to ethylene 
derivatives, 984. 
Hydrobromic acid, addition of, to non-terminal 
double bonds, 1108. 
to double and triple bonds, 1572. 
reactivity of alcohols with, 131. 
neoBrucidine dimethiodide, 1292. 
Brucine, 935, 1291, 1685. 
Buffers, new, 912. 
cycloButane-1:l-dicarboxylic acid, and its sodium 
salt, dissociation constants of, 1627. 
(+-)8-Butanesulphonic acid, 1078. 
Butyl, free, 380. 
Butyl alcohol, action of, with diphenylsuccinic 
anhydrides, 157. 
(+-)8-Butyl diselenide, 1079. 
(—)8-Butyl n-butyl ether, 1079. 
disulphide, 1078. 
tert.-Butyl chloride, hydrolysis of, 255. 
p-tert.-Butylbenzaldehyde, and its -nitropheny]l- 
hydrazone, 1848. 
wy waren and p-nitro-, dipole moments of, 


p-tert.-Butylbenzyl bromide, 1844. 
p-tert.-Butylbenzylamine, and its derivatives, 1848. 
p-tert.-Butylbenzylidenebenzylamine, 1848. 
tsoButylenedsaminoplatinum, dichloro-, 843. 
isoButylenediamine, and its derivatives, 842. 
N-8-Butylpiperidines, 1077. 

(—)B-Butylthiol, 1078. 

p-tert.-Butyltoluene, dipole moment of, 480. 
(—)B-Butyl-p-toluidine, 1078. 

ot -\iecsintermeme trinitro-, dipole moment of, 


Butyric acid, ‘‘equilibration” of, in presence of 
sodium hydroxide in deuterium oxide, 1742. 

Butyric acid, y-bromo-a-amino-, hydrobromide, 766. 

isoButyric acid, specific heats of aqueous mixtures 
of, 1166. 

isoButyric acid, a-chloro-, methyl ester, 1059. 


Cc. 


Cadinene group, 476. 
Cadmium compounds, magnetic susceptibility of, 
495. 


Cesium, at. wt. of, 793. 

Ceesium cobalt chloride, structure of, 359. 
thallic enneachloride, structure of, 1008. 

Calcium, at. wt. of, 791. 

Calcium carbonate and sulphate, equilibria of water 
and, 383. 

Calorimeters, thermocouple vacuum, 1436. 

Camphenilene, Snitter’s, 1621. 

Camphor, mercury derivatives of, 535. 

— 3-bromo-, and 3-chloro-, mercurihalides of, 

53 


3-bromo-10-iodo-, and 3-chloro-10-iodo-, 536. 
Camphorsulphinic acids, 3-bromo-, and 3-chloro-, 
536 


Canavanine, 763. 
Cannabinolactonic acid, preparation of, 998. 
Carbamylmethylbenziminazole-5-arsonic acid, 156. 
Carbazole series, Friedel-Crafts reaction in, 741. 
3-Carbethoxy-1-(3’:5’-d/bromophenyl)pyrazole, 4- 
hydroxy-, 1008. 
3-Carbethoxy-1-(3’:5’-dichlorophenyl)pyrazole, 5- 
bromo-4-hydroxy-, and 4-hydroxy-, 1008. 
a-Carbethoxyethyl sulphite, 1061. 
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3-Carbethoxy-4-hydroxy-1-bromonitrotolylpyrazoles, 
and 5-chloro-, 119, 120. 
3-Carbethoxy-4-hydroxy-1-nitrotolylpyrazoles, and 5- 
bromo-, and 5-chloro-, 117, 119. 
1-Carbethoxy-4-methylcyclohexane-2-a-cyanoglutaric 
acid, ethyl ester, 478. 
1-Carbethoxy-4-methylcyclohexane-2-a-cyano-a’- 
methylsuccinic acid, ethyl ester, 479. 
1-Carbethoxy-4-me hexane-2-a-cyanosuccinic 
acid, ethyl ester, 479. 
1-Carbethoxy-4-methylcyclohexane-2-a-glutaric acid, 
ethyl ester, 478. 
1-Carbethoxy-4-methylcyclohexane-2-a’-methylsuc- 
cinic acid, ethyl ester, 479. 
1-Carbethoxy-4-methylcyclohexane-2-succinic 
ethyl ester, 479. 
$-Carbethoxy-1-(4’-nitro-o-tolyl)-4-pyrazolone, 5:5-di- 
chloro-, 119 
1-Carbethoxycyclopentane-2-acetonitrile, 475. 
1-Carbethoxycyclopentane-2-succinic acid, and a- 
cyano-, ethyl esters, 475. 
aa gehts Ay ~ alder acid, 
a-cyano-, ethyl ester, 1538. 
Carbohydrates and their derivatives, rotatory dis- 
rsion of, 295, 1658. 
ditive compounds of, 648. 
5-Carbomethoxyanilino-N N-dimethylenesulphurous 
acid, 2-hydroxy-, disodium salt, 810 
a-Carbomethoxyethyl carbonate, 1059. 
8-(o-Carbomethoxyphenyl)-l-naphthoic acid, and its 
methyl esters, 571. 
2-(8-Carbomethoxypropionyl)-1-n-octyl-4!-cyclo- 
pentene, 1543. 
a-Carbomethoxyisopropyl carbonate, 1059. 
Carbon, at. wt. of, 788. 
atoms, saturated, substitution at, 236, 244, 255. 
rings, fused, 436, 1065, 1069. 
Carbon tetrachloride, molecular 
larisation of, 728. 
xide, preparation of, 493. 
dipole moment of, 1699. 
monoxide, catalytic combustion of, 32. 
pre re effect of hydrogen on flames of, 144. 
— of mixtures of, with oxygen, 160, 165. 
ulphide, additive compounds of, with aryl- 
Iphosphines, 1790. 
Carbonic acid, esters, pyrolysis of, 1054. 
Carbonyl sulphide, kinetics of reaction of, with water, 


1033. 
absorption spectra and 


Carbostyril derivatives, 
constitution of, 1653. 
ee -nitrophenylhydrazide, 


se: mami :6’-dibromo-4’-nitrophenylhydrazide, 


oathoxsbons-2 -chloro-4’-nitrophenylhydrazide, 
ne eT, 
eae benny peer coner ye 
o-Carboxybenzonitrophenylhydrazides, 1811. 
4-Carboxydiphenyl ether, 2’:4’-dinitro-2’-amino-, and 
its 2:4-dinitropheny] ester, 200 
5-Carboxydiphenylamine, 2’:4’ -dinitro-2- hydroxy-, and 
its 2:4-dinitropheny] ester, 200. 
2’-Carboxydiphenylsulphone, 2-amino-, acetyl deriv- 
ative, 1237. 
2-(3’-Carboxy-4’-hydroxybenzylidene)-1-hydrindone, 
and its ethyl ester, 941, 945. 
Carboxymethylbenziminazole-5-arsonic acid, 156. 
2-Carboxy-1-methylcyclohexane-l-acetic acid, 737. 
2-Carboxy-4-nitrophenyl 4-hydroxy-m-tolyl sulphide, 
and its derivatives, 1237. 


acid, 


refraction and 
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4-Carboxy-2-nitrophenyl 4-hydroxy-m-tolyl sulphide, 
and its acetyl derivative, 1237. 
p-tolyl ether, and its 3-methanesulphonyl deriv- 
ative, 1238. 
a eget nese areyemepencenis 
238. 
CE Seta eee 


1-Carboxycyclopentane-2-succinic acid, 476. 
2-(cis- and -trans-2’-Carboxycyclopentyl)-3:4-dihydro- 
naphthalene lactones, 1-hydroxy-, 1539. 
ae |" emanate rer tadiat wreane a 

538. 


a-(trans-2-Carboxycyclopentyl)-y-phenylbutyric acid, 
and a-cyano-, 1538. 

2-(2’-trans-Carboxycyclopentyl)-1:2:3:4-tetrahydro- 
naphthalene, 1540. 

2-Carboxyphenyl £-hydroxyethy] sulphide and sulph- 
oxide, 1237. 

4-Carboxyphenylarsonic acid, 3-amino-, formation of, 

from 3-nitro-4-methylphenylarsonic acid, 470. 
action of hydrobromic acid on, 470. 

2-Carboxyphenyl-f-hydroxyethylsulphone, 1237. 

4-(3’’-Carboxyphenyl)-2:3-indeno(3’:2’)chromylium 
chloride, 7-hydroxy-4-(4’’-hydroxy)-, 945. 

a-p-Carboxyphenylsulphonyl-a-phenylsulphonyl- 
ethane, methy] ester, 20. 

dl-, d=, and 1[-a-p-Carboxyphenylsulphonyl-a-phenyl- 
thioethanes, and their methyl esters, 19. 

a~p-Carboxyphenylsulphonyl-a~p-tolyisulphonyl-a- 

phenylthioethane, and its resolution, 20. 

Carvacrol, dipole moment of, 480. 

Carvomenthols, and their derivatives, 1138. 

Carvomenthone, rotatory dispersion of, 709. 

J~isoCarvomenthone, 1138. 

l~isoCarvomenthylamine, 1138. 

Carvone series, 1138. 

Caryophyllenes, 532. 
and their derivatives, 1581. 

Caryophyllene series, 1297. 

Catalysis, energetics of, 393, 1190. 

— hydrogenation, temperature coefficient of, 
1190. 


acid, 


d-Catechin, conversion of, in cyanidin chloride, 426. 
a physiological, chemistry and biology ~ 5 201. 
Cerium : — 
Ceric sulphates, 802. 
Cerous hydroxide, reaction of, with hydrogen per- 
oxide, 362. 
p-Cetyloxybenzoic acid, 1874. 
Cevanthridine, and its salts, 124. 
Cevine, 124. 
Chalkones, and their oxidation, 866. 
Charcoal, adsorption on, 889 
suspensions, Py of, 889. 
as catalyst of stereoisomeric change in sulphoxides, 
974. 


Chelation, 628. 
Chlorine :— 
Hydrochloric acid, reaction of, with methyl alcohol, 

599. 

triChlorohydroxy-amines, aliphatic, 1623. 

Cholanthrene, synthesis of, 770. 
and its picrate, 667. 

Cholestanone, derivatives of, 1392. 

Cholesterol, hydrocarbons from dehydrogenation of, 
645. 


action of selenium on, 1391. 
Chromanorufan, 5:12-dihydroxy-, 1404. 
Chromenochromones, 993. 
Chromium sesquioxide, heat of adsorption of gases on 
mixtures of, with zinc oxide, 1487. 
Chromone group, synthesis in, 866, 868. 
Chromylium salts, synthesis of, 941. 
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Chrysene, derivatives of, 1412. 

Cinchona alkaloids, 1094. 
modified, 966. 

Cinnamaldehyde di- and tri-bromo-, and bromo- and 
chloro-nitro-phenylhydrazones, 92. 
2’-Cinnamamidodiphenyl sulphide, 2-nitro-, 1264. 

Cinnamic acid, 2-acetyl-l-naphthyl and 2-phenyl- 
acetyl-1-naphthyl esters, 870. 

Cinnamic acid, o- and p-nitro-a-amino-, a-benzoyl 
derivatives, 1267. 

2-Cinnamo-o-nitrophenylamidophenyl 
phide, 1264. 

w-Cinnamoyl-2-acetyl-1-naphthol, 870. 

Cinnamyl isopropenyl ether, 1364. 

C-Cinnamylacetoacetic acid, ethyl ester, 1364. 

10-Cinnamylanthrone, 1:5-dichloro-, 1104. 

a ee acid, ethyl ester, 


methyl  sul- 


B-Cinnamyloxycrotonic acid, ethyl ester, 1364. 

Citric acid, anhydrous, crystallography of, 130. 
Clovene, 1297. 

Clovenic acid, and its anhydride, and their derivatives, 


Coagulation in smokes, 268. 
Coal ash, Northumberland, gallium and germanium 
from, 566. 
Cobalt cesium chloride, structure of, 359. 
sulphide, precipitated, composition and properties 
of, 1459. 
Cobalt organic compounds :— 
Cobaltic benzeneazo-naphthoxides, -phenoxide and 
-p-tolyloxide, 1600. 
3- ae to a 1600. 
Columbium. 
Constitution and wr phenomena activity, 155. 
Copper : — 
— compounds, quadricovalent, planar structure 
of, 731 
Copper organic compounds :— 
Copper benzoinoxime, and its dichloride, 821. 
Cupric benzeneazo-naphthoxides, -phenoxide and 
-p-tolyloxide, 1599. 
3-tolueneazo-p-tolyloxides, 1599. 
ee ee chloride, 7-hydroxy-, 


Coumarin, 8-amino-7-hydroxy-, and its 8-acetyl deriv- 
ative, 815. 

Coumarins, synthesis of, 1031. 

o-Cresol, 3-nitro-, 337. 

m-Cresol, 4-bromo-6-nitro-, 1423. 

Crops, chemistry in production of, 48. 

Crotonic acid, ‘equilibration’ of, in presence of 
sodium hydroxide in deuterium oxide, 1742. 

B-Crotono-m-chloroanilide, 8-amino-, 114. 

B-Crotono-p-phenetidide, 8-p-amino, 113. 

Crotonoxylidides, 8-amino-, 113. 

Cryptococcus fagi, wax of, 391. 

Curare alkaloids, 1381. 

Curie Memorial Lecture, 654. 

Cyanidin chloride, formation of, from d-catechin, 426. 
tetramethyl ether, bromo-, bromide, 428. 

Cyanogen, and its halides, physical properties of, 1001. 
electric moment of, 855 
Hydrocyanic acid, a. on, 674. 

auric and cuprous salts, complex anions of, 100. 
(+-)B-butyl ester, 1080. 
aa compounds, anionotropy and prototropy in, 


p-Cymene, and its 2- and 3-halogeno-derivatives, 
dipole moments of, 480. 

Cytisine picrate, 11. 
benzenesulphony] derivative, 1054. 
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Daphnetin-3-carboxylic acid, 816. 
Decahydro-1:2:3:4-dibenzanthraquinone, and its di- 
acetate, 1107. 
a ast 
cis-B-Decalone, synthesis of, 1067. 
Cec acid, ethyl ester, 
Dehydrolumisteryl acetate, 1223. 
Dehydronorcaryophyllenic acid, 533. 
Dehydro-“ sulphite-liquors lactone ’’ dimethyl ether, 
synthesis of, 1576. 
— determination of, with the micropyknometer, 
Deuterium, reaction of, with ethylene, at nickel 
surfaces, 1701. 
use of, as “ indicator ’’ 
1735. 
a hydroxide, rate of diffusion of, in water, 
oxide, selective adsorption of, 1545. 
—-* of, with water in dioxan solutions, 
Deuterium organic compounds, 492. 
= 3:5-di- and 2:3:4:5:6-penta-bromo-, 
Diacetone-glucose, preparation of, 1874. 
3:6-Diacetylcarbazole, 742. 
4:4’-Diacetyldiphenylamine, 2-nitro-, 743. 
3:6-Diacetyl-9-methylcarbazole, 742. 
5:4’-Diacetyl-1-phenylbenzotriazole, 743. 
l-Diacetyltartaric anhydride, 846. 
Dialkylaminobenzophenones, synthesis of, 894. 
Dialkylanilines, substituted, condensation of benz- 
anilide imidochloride with, 894. 
Dialkylarsines, methylated, 396. 
1:3-Diallyl-7-methylxanthine, 1366. 
2:6-Diallyloxy-7-methylpurine, 1366. 
—e and its dimethyl ether, 
iy aromatic, action of ethyl acetoacetate on, 
1568. 
Di-n-amyl sulphoxide, 1556. 
Di-n- and -dl-amylcadmium, 44. 
Di-n-amyldiamyl-lead, 42. 
Di-n-amyldi-n-hexyl-lead, 42. 
Di-n-amyl-lead dinitrate, and its dihydrate, 43. 
derivatives, 42. 
Di-dl-amyl-lead dichloride, 42. 
Di-n-amylmercury, and its derivatives, 40. 
5, Sunkelameiobe 856. 
and its methyl ester, 1412. 
<hibe-cabathennn, 1092. 
88-Di-p-anisylvalerolactone, 856 
Di-(-1-anthraquinonyloxyethy!) disulphide, 1237. 
— preparation of, and its homologues, 


diacetate, 


in study of tautomerism, 


4-Diazonaphthalene 1-oxide, 2-nitro-, 673. 
Diazotisation, mechanism of, 871. 
Dibenzanthronedicarboxylic acid preparation of, from 
8-bromo-1-naphthoic acid, 571. 

cyclisation of, to diketodibenzanthrone, 573. 
1:2:5:6-Dibenzfluorene, 1325. 
2:9-Dibenzoylcarbazole, 744. 
Dibenzoylearbinol, 84. 
reo aise, 


Dibenzoylmethane, o-hydroxy-, 869. 
Dibenzyl. See s-Diphenylethane. 
Dibenzyl sulphite, di-p-iodo-, 1818. 
Di-(a-benzylethyl) sulphide, 1084. 
3:4-Dibenzyloxybenzaldehyde, 867. 









di- 


ate, 


ter, 





ay-Di-(p-bromopheny!)-ay-diphenylaliene, 992. 
nr ene alcohol, 
992. 


Di-n-butyldi-d/-amyl-lead, 42. 

Di-n- and -iso-butyldi-n-amyl-lead, 42. 

Di-n-butylditsobutyl-lead, 42. 

Di-n-butyl-lead dichloride, 41. 
dinitrate, 43. 

NN-Di-n-butyldithiocarbamic acid, nickel complex 
salt, 624. 

Di(carboxynitrophenoxy-m-tolyl) disulphides, 1238. 

Dicinnamylacetoacetic acid, ethyl ester, 1364. 

Dicyclic compounds, reduced, synthesis of, 1065. 

Dideuteromalonic deuteracid, 492. 

By-Di-3:4-dimethoxyphenyladipic-a-acid, and __ its 
methyl ester, 1414. 

y-Di-(3:4-dimethoxyphenyl)itaconic acid, and _ its 
anhydride, 641 

Dielectric constant of solvents in relation to molecular 
polarisation in solution, 773. 

Dielectric polarisation. See under Polarisation. 

Diels—Alder reaction with arylhexadienes, 429. 

— syntheses, thermochemistry and kinetics of, 

8. 

1:5-Diethoxybenzthiazole, 1760. 

p-Diethoxydiphenylhydrobalata, 1244. 

p-Diethoxydiphenylhydrogutta-percha, 1244. 

2:4-Diethoxyethylbenzene, 2:4-di-8-hydroxy-, 1099. 

4:5-Diethylacetophenone, 2-hydroxy-, and its deriv- 
atives, 302 

ania, and its dipicrate, 

8-(8-Diethylaminodiethylaminomethy] )quinoline, 
salts, 1425. 

‘ee chloride di- 

y 

8-(B-Diethylaminoethylaminomethyl quinoline tri- 
hydrobromide, 1426. 

9-8-Diethylaminoethylaminophenanthridine, 3- 
bromo-, salts of, 1409. 

B-Diethylaminoethylbutylamines, picrates of, 1425. 

8-(8-Diethylaminoethylbutylaminomethy])quinolines, 
salts, 1426. 

8-(8-Diethylaminoethylmethylaminomethyl quinoline 
trihydrobromide, 1425. 

. <a and its picrate, 

5. 

8-(8-Diethylaminoethylpropylaminomethy] )quinoline, 
salts, 1425. 

4-Diethylamino-3-methylbenzophenone, 896. 

5-Diethylamino-a-methylbutylamino-9-phenanthridine, 
and 3-bromo-, and their salts, 1409. 

8-Diethylaminomethylquinoline, and its hydro- 
bromide, 1144. 

a- and £-Di(ethylamino)platinous salts, 1213. 

3:4-Diethylanisole, 303. 

Diethylantimonic acid, 371. 

3:6-Diethylcarbazole, 743. 

Diethyleyanogold, 1028. 

Diethyldicyanogold, 1028. 

Diethyldi-n-amyl-lead, 42. 

Diethyldi-n-butyl-lead, 42. 

1:2:3:4-Diethylidenesorbitol, 426. 

Diethyl ketone, photolysis of, 1154. 
2:4-dinitrophenylhydrazone, 152. 

3:4-Diethylphenetole, 303. 

3:4-Diethylphenol, and its derivatives, 302. 

3:6-Diethyl-1:2:3:4-tetrahydrocarbazole, 743. 

Digitalis glucosides, 1050, 1305. 

isoDigoxigenic acid, and its pyridine salt and methyl 
ester, 1308. 

Digoxigenin, constitution of, 1305. 

tsoDigoxigeninic acid, methyl ester, 1308. 

n= and iso-Digoxigenones, and their derivatives, 1307. 
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isoDigoxigenonic acid, methy] ester, 1308. 

isoDigoxigonic acid, and its methyl ester, 1308. 

Di-4"1-cyclohexene, 1106 

a> dnaienemmneen and its semicarbazone, 
83 


8-Dicyclohexylacetone, 983. 

Di-n-hexylmercury, 40. 

aB-endo-9:10-Dihydroanthraquinyl-9:10-8-phenylprop- 
ionic acid, 1103. 

a 10-Dihydroanthraquinyl-9:10-propionic 
acids, 1103. 

Dihydroapoquinine, hydroxy-, and its calte, 968. 

Dihydrobrucidine, Hofmann degradation of, 1685. 
salts of, 1293. 

BReepeeenaiion, a- and a’-chloro-, and their salts, 

Dihydrocinchonine, a- and a’-chloro-, and their salts, 
1096. 


Dihydrodigoxigenone, and its derivatives, 1307. 

1:4-Dihydro-1:2:3:4-dicyclopentenoanthraquinyl di- 
acetate, 1107. 

5:8-Dihydro-5:6:7:8-dicyclopentenonaphthaquinyl  di- 
acetate, 1106. 

Dihydrofucosterols, and their acetates, 1206. 

Dihydroguaiaretic acid, diethyl ether, and dibromo-, 
and dinitro-, 122. 

ae a- and a’-chloro-, and their salts, 
1097. 


—- ome a- and a’-chloro-, and their salts, 
Dihydro-a-santalylacetic avid, 314. 
2:5-Diketo-3-(2’-aminopheny])isoindolinopyrazolido- 
coline, and its acetyl derivative, 1801. 
1:4-Diketo-3-(2’-bromo-4’-nitropheny])tetrahydro- 
phthalazine, 1813. 
1:4-Diketo-3-(2’:6’-dibromo-4’-nitrophenyl)tetrahydro- 
phthalazine, 1814. 
2:5-Diketo-3-(4’-chloro-2’-aminopheny!)isoindolino- 
pyrazolidocoline, and its acetyl derivative, 1802. 
2:5-Diketo-3-(chloronitropheny])isoindolinopyrazolido- 
colines, 1801. 
1:4-Diketo-3-(2’-chloro-4’-nitrophenyl)tetrahydro- 
phthalazine, 1813. 
1:4-Diketo-3-(2’:6’-dichloro-4’-nitrophenyl)tetrahydro- 
phthalazine, 1814. 
>: geieaaamaa tater 
os 7 penance neti 


2:4-Diketo-8-methylhydrindane, and dichloro-, 737. 
Diketone, C,,H,,0., and its derivatives, from 2-acetyl- 
1- methyl-d?- cyclohexene, 737. 
a-Diketones, action of, with periodic acid, 1467. 
1:5-Diketones, unsymmetrical, reactions of, 1115. 
1;4-Diketo-3-(nitroaryl)tetrahydrophthalazines, pre- 
paration of, 1808. 
1 aie SAC ellen 6 enctheyhenstieehgiee- 
phthalazine, and its silver salt, 1812. 
2:5-Diketo-8-(2’-nitropheny!)isoindolinopyrazolido- 
coline, 1801. 
1:4-Diketo-3-(4’-nitrophenyl)tetrahydrophthalazine, 
and its silver salt, 1811. 
1:4-Diketo-3-phenyltetrahydrophthalazine, 1814. 
Diketosuccinic acid, ethyl methyl ester, nitrotolyl- 
hydrazones, 120. 
2:11-Diketo-5:6:18:14-tetramethoxyhexahydrochrys- 
ene-a, 1414. 
2:4-Dimethoxybenzoic acid, 0-acetylpheny] ester, 869. 
B-(8:4-Dimethoxybenzoyl)-4°-crotonolactone-y-carb- 
oxylic acid, ethyl ester, 1579. 
B-3:4-Dimethoxybenzoyl-a-(3’:4’-dimethoxybenzylid- 
ene)-8-chloromethylpropionolactone, 1579. 
B-8:4-Dimethoxybenzoyl-a-(3’:4’-dimethoxybenzylid- 
ene)-8-methoxymethylpropionolactone, 1579. 
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f-3:4-Dimethoxybenzoyl-a-(3’:4’-dimethoxybenzylid- 
ene)-8-methylenepropionic acid, 1579. 

B-3:4-Dimethoxybenzoyl-a-(3’:4’-dimethoxybenzylid- 
ene)propionic acid, and its lactone, 640. 

B-(3:4-Dimethoxybenzoyl)-8-hydroxymethyleneprop- 
ionic acid, ethyl ester, 1579. 

et teen aoe a aoe acid, ethyl ester, 

5 


Di-(o-methoxybenzyl), a-amino-, and its derivatives, 
1122. 


Dimethoxybenzylideneglycines, barium salts, 215. 
6:7-Dimethoxy-1-(6’-bromo-3’:4’-dimethoxypheny]l)-3- 
hydroxymethylnaphthalene-2-carboxylic acid, 4- 
hydroxy-, lactone, 642. 
6:7-Dimethoxy-1-(6’-bromo-3’:4’-dimethoxyphenyl)- 
naphthalene-2-carboxylic acid, 4-hydroxy-, ethyl 
ester, 642. 
6:7-Dimethoxy-2-carboxy-1-(3’:4’-dimethoxyphenyl)- 
1:2:3:4-tetrahydronaphthalene-3-glycollic acid, 4- 
hydroxy-, lactone, and its derivatives, 643. 
Di-o-methoxydeoxybenzoin semicarbazone, 1122. 
6:7-Dimethoxy-1-(3’:4’-dimethoxypheny])-2-chloro- 
methylnaphthalene-3-carboxylic acid, and its methyl 
ester, 1579. 
5:6-Dimethoxy-3-(3’:4’-dimethoxyphenyl)hydrindene- 
2-acetic acid, 641. 
6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)-2-hydroxy- 
methylnaphthalene-3-carboxylic acid, lactone, 644. 
6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)-3-hydroxy- 
methylnaphthalene-2-carboxylic acid, lactone, 643. 
6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)-3-hydroxy- 
methyl-1:2:3:4-tetrahydronaphthalene-2-carboxylic 
acid, a- and £-lactones, 642. 
6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)-3-hydroxy- 
methyl-1:2:3:4-tetrahydronaphthalene-2-carboxylic 
acid, 4-hydroxy-, 642. 
6:7-Dimethoxy-1-(3’:4’-dimethoxypheny])naphthalene, 
640 


6:7-Dimethoxy-1-(3’:4’-dimethoxypheny])naphthalene- 
2-carboxylic acid, 4-hydroxy-, ethyl ester, 642. 
6:7-Dimethoxy-1-(3’:4’-dimethoxypheny])naphthalene- 
$-carboxylic acid, and its bromo-derivatives, 640. 
6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)naphthalene- 
2:3-dicarboxylic acid, and its derivatives, 640. 
6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)-1:2:3:4- 
tetrahydronaphthalene-2-carboxylic acid, and di- 
bromo-, 641. 
3: ¥’-Dimethoxydiphenylene-4:4'-bis--aminocrotonic 
acid, ethyl ester, 1569 
p-Dimethoxydiphenylhydrobalata, 1244. 
p-Dimethoxydiphenylhydroguttapercha, 1244. 
5:14-Dimethoxyhexahydrochrysene-), 1413. 
6:15-Dimethoxyhexahydrochrysene, 1413. 
5:6-Dimethoxyhomophthalo-§-piperonylethylamic acid, 
and its methyl ester, 295. 
5: 6-Dimethoryhomophthalo--piperonylethylimide, 


5: §-Diansthenyhéestphttnehe-D-vecthinfeltafinnte acid, 
and its methyl ester, 295. 

5: ee eee, 295. 

Di-o-methoxyhydrobenzoin anhydride, 1122. 

Di-m-methoxyhydrobenzoin aa’- viimethyl ether, 1537. 

11: ay at ree oe sme cy erronnrt 
ine, 

2: 6-Dimethoxy-7-methylpurine, 957. 

3:11-Dimethoxyprotoberberine, synthesis of, 293. 

Dimethoxyperylene-3:4:9:10-tetracarboxylic acid, a- 
and f-di-imides, 499. 

Dimethoxyphenanthrenes, and their picrates, 1542. 

Dimethoxyphenanthrene-9-carboxylic acids, 1541. 

4:5-Dimethoxyphenoxyacetic acid-2-(2:4’-0-dimethyl)- 
phloracetophenone, 684. 

Se acid-2-phloracetophen- 
one, 
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Di-o-methoxyphenylacetaldehyde semicarbazone, 1122. 

By-Di-3-methoxyphenyladipic-a acid, and its methy|- 
ester, 1413. 

6:7-Dimethoxy-2-phenyl-3:4-dihydronaphthyl-l-acetic 
acid, ethyl ester, 1416. 

4-(3’:4’-Dimethoxyphenyl )-2:6-dimethyl-1:4-dihydro- 
pyridine-3:5-dicarboxylic acid, and its nitro-deriv- 
atives, ethyl esters, 818. 

cis-aB-Di-o-methoxyphenylethylene oxide, 1121. 

ao apa aden oxcncuen picrate, 6-hydroxy-, 

Di-o-methoxyphenylhydroxyethylamines, and _ their 
derivatives, 1120. 

dl-isoDi-o-methoxyphenylhydroxyethyltrimethylam- 
monium iodide, 1121. 

of * > ec raaemecre acid, methyl ester, 

> “tenet oa 4-chloro-, rearrangement of, 

5 

d-Dimethoxysuccinic acid, derivatives of, rotatory 
dispersion of, 1661. 

a acid, a-amino-, benzoyl derivative, 


Dimethylallylarsine, and its mercurichlorides, 398. 
Dimethylallylarsonium picrate, hydroxy-, 399. 
4(5)-8-Dimethylaminoethylglyoxaline, salts, 491. 
4-Dimethylaminomethylbenzophenones, and their de- 
rivatives, 895. 
2’-Dimethylamino-5’-methyldiphenyl sulphide, 2- 
nitro-, 185. 
4-p-Dimethylaminophenyl-2:3-indeno(3’:2’ )-chromyl- 
ium chloride hydrochloride, 7-hydroxy-, 944. 
a- and £-Di(methylamino)platinic salts, 1213. 
a- and -8-Di(methylamino)platinous salts, 1213. 
Dimethylaniline, dielectric constant and density of, 
776. 
1:4-Dimethylanthranylpropionic acid, 1103. 
2:3-Dimethylanthronylidenedipropionic acid, 1103. 
1:4-Dimethylanthronylpropionic acid, 1103. 
6-(2’:4’-Dimethyl) benzoyl-1:2:3:4-tetrahydronaphth- 
alene, 80. 
2:4-Dimethylbenzyl bromide, 1844. 
Dimethyl-des-brucidine, 1690. 
en dipole moment of, 
2:11-Dimethylchrysens, 1414. 
2:7-Dimethyldecalin, 81. 
Dimethyldi-n-amyl-lead, 42. 
Dimethyldi-n-butyl-lead, 42. 
2:5-Dimethyl-1:2-dihydrobenzthiazole, 
imino-, 1758. 
N(a)N(b)-Dimethyldihydrobracidinium dicarbonate, 


N Dhesstiagt- 10-dihydrophenazine, 740. 
a Clemmensen reduction of, 
3:3’-Dimethyldiphenylene-4:4’-bis-8-aminocrotonic 
acid, ethyl ester, 1569 
8-Dimethylethylenediamine, and its picrate, 1425. 
4:3’-Dimethyl-7:6-furocoumarin, 815. 
3:6-Dimethyl glucose, 175. 
£8-Dimethylglutarimide, 
reduction of, 539. 
Be-Dimethylhexane, f-nitroso-, 
composition of, 1679. 
ar Ree isolation of second form 
1:7-Dimethylhypoxanthine, 2-chloro-, methiodide, 957. 
2:3-Dimethylindenone, and their derivatives, 1161. 
Tm mannonamide, rotatory dispersion 
Oo 
4:6-Dimethylmannonic acid, derivatives of, 1016. 
4:6-Dimethyl 5-mannonolactone and its 2:3-acetone 
compound, 1016. 


1-nitroso- 


aa’-dicyano-, electrolytic 


photochemical de- 










of, 


of, 





4:6-Dimethyl a-mannopyranose 2:3-acetone, 1015. 
4:6-Dimethyl mannose, and its acetone compound, 
1015. 


3: oe B-methylglucoside, and its derivatives, 


4: § Dimethyl a-methylmannopyranoside, and its 
acetone compound, 1015, 

2:5-Dimethyl-1-8-(4-methyl-1-naphthyl)ethylcyclo- 
pentan-1-ol, 444. 

2:7-Dimethylnaphthacene, 77. 

2:7-Dimethylnaphthacene-9:10-quinone, 80. 

3: ee ae acid, and its derivatives, 


3: €-Dimethyl--naphthylaming, and its hydrochloride, 


b-Bi-{6-cxcihat-Sncabiat tem, 444, 
3:7-Dimethyl-[0:3:4-bicyclo] nonan-2-one-3:4-di- 
carboxylic acid, ethyl ester, 479. 
2:2-Dimethylcyclopentan-1l-one-4-carboxylic acid, and 
its ethyl ester, 1128. 
2:2-Dimethylcyclopentan-1-one-4:5-dicarboxylic acid, 
ethyl ester, 1128. 
2:2-Dimethylcyclopentanone-5-glyoxylic acid, and its 
ethyl ester, 454. 
1:9-Dimethyl-1:2-cyclopentano-1:2:3:4-tetrahydro- 
phenanthrene, 444. 
3’:9-Dimethyl-1:2-cyclopentenophenanthrene, 443. 
1:3-Di-(a-methyl-A*-pentenyl)-7-methylxanthine, 1366. 
2:10-Dimethylphenoxarsine, 1052. 
aa-Dimethylphthalide-4-carboxylic acid. See Can- 
nabinolactonic acid. 
Dimethyl-n-propylarsine 
hydroxy-, picrate, 397. 
2:4-Dimethylpyridine-3:5-dicarboxylic acid, 6-hydroxy-, 
amide, 539. 
Dimethylpyruvic acid, and its derivatives, 535. 
Dimethylsulphonium 9-[2-nitrofluorenylidide], 1610. 
es 9-[2:7-dinitrofluorenylidide], 


2: - nad 2:7-Dimethyl-1:2:3:4-tetrahydronaphthacenes, 


mercurichlorides, and 


2:6-Dimethyl-1:2:3:4-tetrahydronaphthalene, 81. 

2:7-Dimethyl-1:2:3:4-tetrahydronaphthalene, 81. 

2:6- and 2:7-Dimethyl-1:2:3:4-tetrahydronaphthalene- 
sulphonamides, 81. 

2:6- — 2:7-Dimethyl-1:2:3:4-tetrahydronaphthoic 

2:6- and 2:7-Dimethyl-1:2:8:4-tetrahydronaphthols, 81. 

NN’-Dimethyl-2:3:9:10-tetrahydrophenazine, 740. 
1:3-Dimethyluracil, 4-chloro-, 956. 

a ~\oaeeacameane acid, 5-amino-ay-dicyano-, lactam, 


Di-f-naphtboyiphthalide, 1369. 
— disulphide, 3:3’-dinitro-4:4’-dihydroxy-, 
7 
Dinaphthylhydrobalata, a-dihydroxy-, and its p- 
nitrobenzoate, 1244. 
Dioxan, association of water and deuterium oxide in 
solutions of, 822. 
—— compounds of, with halogenomethanes, 
720. 


Diexindcles, and N-hydroxy-, optically active, 109. 
1:2:3:4-Dicyclopentenoanthracene, 1107. 
1:2:3:4-Dicyclopentenoanthraquinone, 1107. 
8=Dicyclopentenylacetone, and its semicarbazone, 983. 
8-Dicyclopentylacetone, and its semicarbazone, 983. 
oP ornrriet ketone, and its semicarbazone, 


ad-Diphenetoylbutane, 1093. 
ay-Diphenetoylpropane, 856. 
al-Di-p-phenetylhexane, 1093. 
58-Di-p-phenetrylvalerolactone, 856. 
Diphenic acid, 4:6:4’:6’-tetranitro-, methyl ester, 
complex compound of, with indene, 581. 
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Diphenyl, 3-iodo-2- and -4-amino-, toluenesulphonyl 
derivatives, 1596. 
Diphenyl ethers, o-amino-, rearrangement of, 196, 


1309, 1312. 
5-bromo-2’:4’-dinitro-2- hydroxy-, 5-chloro-2’:4’- 
dinitro-2-hydroxy 5-iodo-2’:4’-dinitro-2- 


hydroxy-, and 2; 4'-dinitro-2- hydroxy-, deriv- 
atives of, 1311. 
4-bromo-2’:4’-dinitro-2- hydroxy-, 4-chloro-2’:4’- 
dinitro-2-amino-, 4-iodo-2’:4’-dinitro-2-amino-, 
and 2’:4’-dinitro-2- and -4-mono- and -2:4-di- 
amino-, 198. 
sulphide, 2:4’-dinitro-, and 2:4- and 2:4’-dinitro- 
2’-amino-, and their acetyl derivatives, 185. 
2-nitro-2’-amino-, derivatives of, 184. 
2-mono- and 2:4-di-nitro-2’-amino-, derivatives 
of, 341. 
——— 2-nitro-2’-amino-, picryl derivative, 


2:6-Diphenyl-4-(2’-acetoxy-4’- and _-’-methoxy- 
phenyl)pyrylium ferrichlorides, 88. 
Se ee ferri- 


chloride, 88 
Diphenyl-4’-aldehydes, 2- and 4-nitro-, 114. 
Diphenylamine, 5-bromo-, §-chloro-, and 65-iodo- 
2’:4’-dinitro-2-hydroxy-, 2’: 4/-dinitro- 5-amino-2- 
hydroxy-, and 4:2’:4’-trinitro-2-amino-, 198. 
5-bromo-2’:4’-dinitro-2-hydroxy-, 5-chloro-2’:4’-di- 
nitro-2-hydroxy-, 5-iodo-2’:4’-dinitro-2-hydroxy-, 
and 2’:4’-dinitro-2-hydroxy-, derivatives of, 1311. 
2:3’-dinitro-, 187. 
o-thiol-, derivatives of, 1264. 
Diphenyl-4’-8-aminocrotonic acid, 4-amino-, acetyl 
derivative, ethyl ester, 1570. 
— a action of maleic anhydride 
on, 1326. 
2:3-Diphenylbenzo-2-pyranol, 1164. 
1:2-Diphenylbenzthiazoline S-dioxide, 5-nitro-l-p- 
hydroxy-, 1265. 
Diphenylcarbamides, fluoro-, 1822. 
Diphenyldiethylsilicane, and di-m-amino-, and its 
diacetyl derivative, and di-m-nitro-, 1090. 
2:6-Diphenyl-4-(2’:4’-dimethoxyphenyl)pyrylium ferri- 
chloride, 87. 
a acid, ethy] ester, 
570. 


Diphenylene oxide series, 1131. 
8-Diphenylethane (dibenzyl), oxidation of, with 
selenium dioxide, 903. 
4-(88-Diphenylethyl)flavene, 4-8-hydroxy-, 1120. 
2:3-Diphenyl-5-ethylpyrimidazine, 7-chloro-, 1284, 
ay-Diphenylglycerol, and its triacetate, 84. 
Diphenylhydrobalata, p-dihydroxy-, and tetrahydroxy-, 
and their derivatives, 1243. 
dl~isoDiphenylhydroxyethylamine, di-o-chloro-, and 
its derivatives, 1123. 
rp deen irnrempenen: optically active, 1120, 


Diphenyliodonium periodate, 1674. 
iodide, interchange of iodine atoms in, 1295. 
kinetics of decomposition of, 596. 
Diphenyliodyl acetate and carbonate, 1676. 
Diphenylmethane, 5-bromo-3-nitro-4-amino-, 3-nitro- 
4-amino-, and its acetyl derivative, and 3:5-di- 
nitro-4-amino-, acetyl derivative, 1875. 
aa-Diphenyl-8-methyl-n-amyl alcohol, 1218. 
pe ey came a 3:6-tetrahydro- 
benzolactone, 1370 
aa-Diphenyl-f-methylpentane, 1219. 
3:5-Diphenyl-1:2:4-oxadiazole, 3:5-di-p-bromo-, 5, 
Diphenylphthalide, tetrachloro-di-4-bromo-, 1369. 
Diphenylsuocinie acid, butyl and di-n-buty] esters, 158. 
Diphenylsuccinic es, action of, with aniline 
and butyl alcohol, 157. 
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Diphenylsulphone, 4’-bromo-2:4:3’-trinitro-, 2’:5’-di- 
chloro-2:4-dinitro-, 4’-chloro-2:4:3-trinitro-, and 
2:4:3’-trinitro-, 538. 

4-chloro-2-nitro-2’-amino-, acetyl derivative, and 
2-nitro-2’-amino-, and its derivatives, and 2:4’- 
dinitro-2’-amino-, acetyl derivative, 185. 

2-nitro-2’-amino-, 2’-benzoyl derivatives, 342. 

Diphenylsulphones, 2:4-dinitro-, 537. 

2:1-Diphenylthiazolinium iodide, 2-o-nitro-, 1264. 

ee iodide, di-o-nitro-, 
1264. 

1:3-Diphenyl-4:5-thionaphthenopyrazole, 473. 

2:6-Diphenylthiopyran-4-one, dipole moment of, 602. 

2:6-Diphenylthiopyrone, and its dioxide, dipole 
moments of, 602. 

Diphenyl triketone, catalytic hydrogenation of, 83. 

S-Diphenylyl-2-oxytrichloromethylthiol, 681. 

Dipole moments and molecular structure, 987, 989. 
and structure of organic compounds, 855. 
quantitative relationships between energy of 

activation and, 1174. 
of associated liquids, 502. 
of vapours, 971. 

Dipolymethylenoanthracenes, derivatives of, 1104. 

2:6-Dipropoxy-7-methylpurine, 1367. 

Diisopropyl sulphide picrate, 241. 

Di-n-propyldicyanodigold, 1030. 

Di-n-propyleyanogold, 1029. 

Di-n-propyldi-n-amyl-lead, 42. 

Di-n-propyldi-n-butyl-lead, 42. 

Di-n-propyl ketone, photochemical decomposition of, 
1504. 


Di-n-propyl-lead dinitrate dihydrate, 43. 
2:5-Dipropylpropiophenone, 307. 
NN-Di-n-propyldithiocarbamic acid, nickel complex 
salt, 624. 
Di-n-propyltin dibromide, 41. 
N-Di(quinolyl-8-methyl)-p-aminoacetanilide, 1145. 
Di(quinolyl-8-methyl)ethylamine, and its hydro- 
bromide, 1144. 
Disalicylaldoxime, copper salt, 733. 
Disalicyldoximenickel, 460. 
Disalicylaldoximepalladium, 461, 462. 
Disalicylaldoximeplatinum, 461. 
Disalicylaldoximinoplatinous chloride, 461. 
Dispersion, rotatory, of carbohydrates and their 
derivatives, 295. 
of organic compounds, 696, 704, 709, 1313. 
Dissociation constants of amines, 796. 
and constitution of monocarboxylic acids, 343, 346. 
of organic acids, 21, 912, 1624. 
Disulphoxides, charcoal as catalyst of stereoisomeric 
change in, 974. 
Dithionic acid. See under Sulphur. 
Dodecahydro-1:2-benzanthracene, 769. 
Dodecahydro-1:2-benzanthryl-5-acetic acid, 769. 
Dodecahydrocholanthrene, 769. 
Dodecahydro-1:2:3:4-dibenzanthraquinone, 1107. 
Dodecahydro-1:2:3:4-dibenzanthraquinone, §:8-di- 
hydroxy-, diacetyl derivative, 1107. 
Dodecahydro-5:6:7:8-dibenz-1:4-naphthaquinone, 1106. 
Dodecahydrophenanthrene-9:10-dicarboxylic an- 
hydride, 1106. 
_—- Whittakeri, colouring matters of, 325, 334, 
Droserone, 326. 
boroacetate, 335. 
Droserone, hydroxy-, 326. 
synthesis of, and its triacetyl derivative, 336. 
— salt, 336. 
roacetate, 335. 
Drude equation, calculation of constants of, 297. 
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Eicositetrahydrotetrabenzanthraquinone, 1106. 
Electro-endosmosis, 1229. 
‘“* bubble-tube ’’ measurement of, 527. 
Elements, rare, 554. 
tervalent, complex-anion formation by, 1008. 
10:11-Epoxyundecoic acid, addition of hydrogen 
bromide to, 1572. 
Equilenin, structure of, 445. 
methyl ether, derivatives of, 450. 
Equilin, structure of, 445. 
methyl ether, and its derivatives, 451. 
neoErgostatetraene, 467. 
neoErgostatriol, 467. 
neoErgosterol, hydrocarbons from, 465. 
Eserine, synthesis of, 755. 
l-Eseroline picrate and methopicrate, 758. 
Esterification, polar and non-polar effects in, 1588. 
of carboxylic acids, 587. 
Ethane, equilibrium of formation of, from ethylene, 
876. 
vibration frequency of, 885. 
Ethane, bromo-derivatives, kinetics of action of 
sodium hydroxide with, 1514. 
Ethers, molecular compounds of, with halogeno- 
ethanes and -methanes, 1709. 
Ethoxides, conductivity of, 540. 
4-Ethoxyacetophenone, 2-hydroxy-4-8-hydroxy-, and 
its derivatives, 1098. 
m-Ethoxyanisole, m-8-hydroxy-, and its derivatives, 
1099. 
y~4-Ethoxybenzoylbutyric acid, y-3-amino-, and y-3- 
nitro-, 1093. 
B-4-Ethoxybenzoylpropionic acid, §-3-amino-, and 
B-3-nitro-, 1093. 
§-4-Ethoxybenzoylvaleric acid, 5-3-amino- and $-3- 
nitro-, 1093. 
1-Ethoxybenzthiazole, 5-chloro-, and 5-iodo-, 1760. 
5-Ethoxybenzthiazole, 1-hydroxy-, 1760. 
4-Ethoxychalkone, 5-bromo-2-hydroxy-4-8-hydroxy-, 
2-hydroxy-4-8-hydroxy-, 2:2’-dihydroxy-4-f- 
hydroxy-, and 2’-nitro-2-hydroxy-4-8-bydroxy-, and 
their acetyl derivatives, 1100. 
4-Ethoxyethylbenzene, 2-hydroxy-4-8-hydroxy-, 1099. 
B-Ethoxyethyltrimethylammonium iodide, 723. 
7-Ethoxyflavanone, 7-8-hydroxy-, 1100. 
7-Ethoxyflavone, 6-bromo-7-8-bromo-, 6-bromo-7-f- 
hydroxy-, and 7-8-hydroxy-, and its acetyl deriv- 
ative, 1100. 
4’-8-Ethoxyflavylium hydroxide, 2’-hydroxy-4’-f- 
hydroxy-, and its salts, 1101. 
4-Ethoxy-4’-methoxychalkone, 2-hydroxy-4-B- 
hydroxy-, and its derivatives, 1100. 
1-Ethoxy-5-methylbenzthiazole, 1758. 
1-Ethoxy-5-methylbenzthiazole, 4(or 6)-bromo-, 1759. 
2-Ethoxy-2-methylchroman, 647. 
“ Te oe acid, ethyl ester, 


Ethyl, free, reactions of, 366. 
Ethyl carbonate, a-cyano-, 1059. 
(—)Ethyl f-butyl ether, 1079. 
B-octyl sulphide, 1081. 
1-Ethylacenaphthene, and its picrate, 670. 
— 4-hydroxy-, and its derivatives, 
p-Ethylacetophenone semicarbazone, 1873. 
Ethylamine, photochemical decomposition of, 1612. 
4(5)-8-Ethylaminoethylglyoxaline, salts, 491. 
p-Ethylbenzyl bromide, 1843. 
Ethylene, vibration frequency of, 885. 
equilibrium of hydrogenation of, to ethane, 876. 
reactions of, with deuterium and with hydrogen at 
nickel surfaces, 1701. 
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Ethylene derivatives, influence of substituents on 
additive reactivity of, 984, 1396. 
addition of bromine to, 1396. 
Etaylene glycol, esterification of higher fatty acids 
with, 1774 
Ethylenediaminodiethylgold aurocyanide, 1029. 
Ethylenediaminodi-n-propyldibromodigold, 222. 
Ethylenediaminodi-n-propylgold aurocyanide, 1029. 
Ethylenediaminotetraethyldicyanodigold, 1029. 
Ethylenediaminotetra-n-propyldibromodigold, 222. 
Ethylenediaminotetra-n-propyldicyanodigold, 1029. 
ee: ig ane addition of hydrogen bromide 
to, 15 
with non-terminal double bonds, 
hydrogen bromide to, 1108. 
a-Ethylglucofuranoside, crystal structure of, 1504. 
4(5)-Ethylglyoxaline, 4(5)-8-chloro-, hydrochloride, 
and 4(5)-B-hydroxy-, and its picrate, 490. 
5-Ethylnerolin, and its picrate, 454. 
m-Ethylphenol, and its derivatives, 302. 
10-Ethylphenoxarsine-2-carboxylic acid, optical resolu- 
tion of, 1268. 
6-Ethylpyrimidine, 4:5-diamino-, 2-chloro-4:5-di- 
amino-, 2-chloro-5-nitro-4-amino-, and 2:4-di- 
chloro-5-nitro-, 1284. 
4(5)-Ethyl-2-thiolglyoxaline, 4(5)-8-hydroxy-, 490. 
6-Ethyl-2-thiouracil, 1283. 
p-Ethyltoluene, dipole moment of, 480. 
Ethyltri-n-butyltin, 41. 
6-Ethyluracil, 5-nitro-, 1284. 
Eutropic series, mixed melting points in, 1480. 
Explosions, correlation of ionisation and radiation in, 
165. 


addition of 


flame movement and ionisation current during, 
160. 


F. 


Ferrous chloride. See under Iron. 
Flavanones, and their oxidation, 866. 
Flavylium salts, 86. 
structure of, 1161. 
Fluorene, absorption spectrum of, 516. 
and bromo-, nitration of, 1607. 
condensed derivatives of, 1319. 
Fluorene, bromonitro-derivatives, 1608. 
Fluorenyl-9-dimethylselenonium salts, 1611. 
Fluorenyl-9-dimethylsulphonium salts, 2-nitro-, 1610. 
2:7-dinitro-, 1611. 
Formaldehyde, vapour pressure of, 506. 
liquid, preparation of, 338. 
Formic acid, chloro-, d-8-butyl ester, 1079. 
Friedel-Crafts reaction in the carbazole series, 741. 
Fructose, rotatory dispersion of open-chain deriv- 
atives of, 696. 
a- and £-Fructoses, diacetone compounds of, 1019. 
— rotatory dispersion of open-chain derivatives 
0 , 
a-1-Fucose, crystal structure of, 981. 
Fucostenones, and their 2:4-dinitrophenylhydrazones, 
1207. 
Fucosterol, partial reduction of, 1205. 
Fumaric acid, ethyl ester, condensation of, with ethyl 
benzylmalonate, 420. 


Galactose, conversion of glucose into, 685. 

a-d-Galactose, crystal structure of, 980. 

Gallic acid, n-propyl and n-butyl esters, 1220. 

Gallium from Northumberland coal ash, 566. 

Gases, relation between molecular orientation polaris- 
ation of, and in dissolved and liquid states, 1747. 
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Gases, heat of adsorption of, on zinc oxide and 
mixtures of zinc and chromium oxides, 1487. 
ignition of, 1426. 
Germanitungstic acid, structure of, 580. 
Germanium from Northumberland coal ash, 566. 
Glucose, conversion of, into galactose and gulose, 
685 


derivatives, conversion of, into altrose derivatives, 
1193. 
reaction of dichloroacetyl groups in, 1180. 

phenylosazone, methylation of, 1398. 

Glucosides, digitalis. See under Digitalis. 

Glutaric acid, dissociation constant of, 28. 

Glutaryl chloride, structure of, 856. 

Glycerol, esterification of higher fatty acids with, 
1774. 


Glycosides, crystalline structure of, 978. 
Glyoxylic acid, a-amino-, and a-bromo-, ethyl esters, 
bromonitro- and nitro-tolylhydrazones, 118. . 
a-amino-, a-bromo-, and a-chloro-, ethyl esters, 
halogenophenylhydrazones of, 1008. 
Gold :— 
Tribromogold, 217. 
Gold organic compounds, 219, 1024. 
Gorse. See Ulex europaeus. 
Graphite, determination of, 1723. 
Grignard reaction with phthalic anhydrides, 1367. 
with succinic anhydrides, 1370. 
Guaiacum resin, constituents of, 120. 
dl- and l-Guaiaretic acids, diethyl ethers, 122. 
Gulose, conversion of glucose into, 685. 
Gutta-percha hydrochloride, action of zinc dust and 
alcohol on, 1239. 
a- and £-Gutta-percha, 1241. 


Halogens, polar effects of, in aromatic compounds, 
1827. 
addition of, to unsaturated acids and their esters, 
1600. 

Halogen compounds, reactivity of, 1410, 1411. 

Heat of adsorption of gases on zinc oxide and on its 
mixtures with chromium oxide, 1487. 

Helium, reaction products of free methy] in, 372. 

tert.-Heptyl iodide, 1282. 

tert.-Heptylaniline, and its salts, 1282. 

tert.-Heptylbenzene, p-amino-, and its hydrochloride, 
1281. 

p-n-Heptyloxybenzoic acid, 1874. 

Heterocyclic compounds, configuration of, 1051, 1268. 
unsaturation and tautomeric mobility of, 1755, 1762. 

Heteropoly-acids, and their salts, X-ray structure of, 
575. 

Hexadecahydro-5:6:7:8-dicyclopenteno-1:2:3:4-dibenz- 
anthraquinone, 1106. 

Hexadeuterobenzene, experiments on, 851. 

cycloHexa-1:4-dione, dipole moment of, 1696. 

Hexahydrocholanthrenecarboxylic acid, and its ethy! 
ester, 670. 

Hexahydrochrysenes, absorption spectra of, 515. 

Hexahydroterephthalic acids, configuration of, 1373. 

cycloHexanecarboxylic acids, trans-2-bromo-, and cis-3- 
bromo-, and their ethyl esters, 263. 

cycloHexane-1-cyanoacetic-2-f-propionic cid, di- 
methyl ester, 1067. 

d- and /-trans-cycloHexane-1:2-diacetic acids, and their 
derivatives, 1070. 

cycloHexane-1:1-dicarboxylic acid, and its sodium salt, 
dissociation constants of, 1628. 

1:2-cycloHexanediols, and their derivatives, 1269. 

et acid, methyl 
ester, 
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cycloHexane-1:2:4:5-tetracarboxylic acid, and its methyl 
ester, 192. 

cycloHexanol, 2-amino-, 1272. 

1:2-cycloHexanolone, and its derivatives, 1273. 

dl-cycloHexan-1-ol-2-trimethylammonium iodide, 1273. 

cycloHexanone, oximino-, nitrite, 1273. 

cycloHexanonetricarboxylic acid, methyl ester, 194. 

cycloHexenones, substituted, synthesis of, 1285. 

y-A'-cycloHexenylbutyric acid, and its p-phenyl- 
phenacy]l ester, 1638. 

p-A'-oycloHexenylethyl alcohol, and its derivatives, 


p-A-oyeloftenenylethyloyclobexancl, 501. 
B-(A!~cycloHexenylethyl)malonic acid, 1637. 
tert.-Hexylaniline, and its picrate, 1281. 
tert.-Hexylbenzene, p-amino-, and its salts, 1281. 
cycloHexylidene-1-cyanoacetic-2-8-propionic acid, di- 
methyl ester, 1067. 
p-n-Hexyloxybenzoic acid, 1874. 
Hofmann degradation, Wagner rearrangement in, 722. 
Holarrhena antidysenterica, alkaloid from bark of, 734. 
resinols of latex of, 1129. 
Homoapofenchocamphoric acid, synthesis of, 1127. 
Homonaphthalic acid, 319. 
Homopiperonylic acid, 6-bromo-, and its derivatives, 
667. 
Hormones, wstrogenic, synthesis of compounds related 
to, 429, 445, 1633. 
l-trans-Hydrindane, 1071. 
d- and l-trans-8-Hydrindanones, 1070. 
Hydrindeneacetic acids, hydroxy-, 
inversion of, 15. 
§8-1-Hydrindyl-a-naphthoic acid, 771. 
tsoHydrobenzoins, optically active, 1120, 1269. 
Hydrobromic acid. See under Bromine. 
Hydrocarbons, aromatic, complex formation of, with 
polynitro-compounds, 580, 1856. 
m-alkylation of, by the Friedel-Crafts reaction, 
303. 


a-substituted, 


pol cyclic, 1319. 
rption spectra of, 509, 512. 
related to sterols, structure of, 93. 
Hydrocarbons, polynitro-, compounds of, with 1-keto- 
1:2:3:4-tetrahydrocarbazole, 976. 
Hydrochloric acid. See under Chlorine. 
Hydrocyanic acid. See under Cyanogen. 
Hydrogen, dissociation pressure of combination of, 
with ium, 1254. 
catalytic combustion of, 32. 
catalytic effect of, on carbon monoxide flames, 144. 
reaction of, with ethylene at nickel surfaces, 1701. 
kinetics of reaction of, with sulphur, 58, 351. 
reaction products of free meth ah. 372. 
om peroxide, reaction of, with cerous hydroxide, 


oan of, with pyrogallol, specificity of catalytic 
iron for, 826. 
Hydrogenation by means of selenium, 1391. 
Hydrolysis of carboxylic esters, 1482. 
Hydroxides, electrometric precipitation of, 796. 
Hydroxy-acids, tertiary, resolution of, 153. 
Hydroxypentamminorhodium salts. See under 
Rhodium. 

o-Hydroxysulphones, rearrangement of, 1234. 


Ignition of gases, ~ 7 
Imido-chlorides, 8 
os one eo reactions of, 674. 
Indene nucleus, formation of, 1020. 
complex com d of, with methyl 4:6:4’:6’- 
tetranitrodiphenate, 581. 
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Indene, l-hydroxy-, cyclic system from, 1156. 
Indole group, optical activity in, 104. 
Indole series, 1208. 
Insects, chemistry of, 391. 
Iodine, at. wt. of, 793. 
Iodine oxides and sulphates, 1258. 
Periodic acid, reaction of, with a-ketols, a-diketones, 
and a- -ketonealdehydes, 1467. 
Iodoxy-group, and its relations, 1669. 
Iron, catalytic, specificity of, in reaction between 
hydrogen peroxide and pyrogallol, 826. 
Iron compounds, complex, 906. 
Ferrous chloride, formation and solution of, in non- 
aqueous liquids, 906. 
complex compounds of, 908. 
Isatin derivatives, absorption spectra and constitu- 
tion of, 1653. 





K. 


Keten, Friedel-Crafts reaction with, 1873. 
dimeric, constitution of, 1751. 
4-Keto-1-acetoxy-3-(nitrophenyl)-3:4-dihydrophth- 
alazines, 1811. 
Keto-acid, C,H,,0;, and its derivatives, from oxid- 
ation of dehydronorcaryophyllenic acid, 533. 
1-Keto-3-(2’-aminophenyl)-4-methyltetrahydrophth- 
alazine, 1808. 
1-Keto-3-(2’-aminophenyl JY ong nee 
alazine-4-acetic acid, and its lactam, 1804. 
8:11-Ketobenzanthrone, 575. 
B-Keto-a5-bis-(3-methoxy-4-ethoxyphenyl)-y-methyl- 
valeramide, 121. 
1-Keto-3-(2’-bromo-4’-aminophenyl)-4-methyltetra- 
hydrophthalazine, 1137. 
1-Keto-3-(2’-bromo-4’-nitrophenyl )-2-methyltetra- 
hydrophthalazine-4-acetic acid, and its methyl 
ester, 1136. 
3-Keto-1:2-endo-4’:6’-dibromo-m-tolylimino-1 
dihydro-1:2-benzisodiazole l-oxide, 1621. 
1-Keto-2-(trans-2’-carbomethoxycyclopenty])-1:2:3:4- 
tetrahydronaphthalene, 1539. 
1-Keto-2-(cis- and trans-2’-carboxycyclopentyl )-1:2:3:4- 
tetrahydronaphthalenes, 1539. 
Le ee eee 
hydrophthalazine, | 
1 ste 8 {4 ahdne @ -amincghengl)-B-mnsttliatee- 
> *~ enamine acid, and its lactam, 


Siete 8-thened!-atteeabetat)-tenthailalinhatee- 
phthalazine-4-acetic acids, and their methyl] esters, 
1804, 

5-Ketodecahydro-1:2-benzanthracene, 768. 

4-Keto-6:7-dimethoxy-1-(6’-bromo-3’:4’-dimethoxy- 
phenyl)-1:2:3:4-tetrahydronaphthalene-2-carboxylic 
acid, 3-bromo-, ethyl ester, 642. 

1-Keto-5:6-dimethoxy-3-(3’:4’-dimethoxyphenyl)- 
indene-2-acetic acid, 641. 

4-Keto-6:7-dimethoxy-1-(3’:4’-dimethoxyphenyl)- 
1:2:3:4-tetrahydronaphthalene-2-carboxylic acid, and 
its derivatives, 641. 

a CE eE Ee, 


1-Keto-2:5-dimethyl-1:2-dihydrobenzthiazole, and its 
bromo-derivatives, 1758. 
y-Keto-ay-diphenylpropane, af-dihydroxy-, 85. 
Ketododecahydrocholanthrene. 
9-Keto-A!°:1!_dodecahydrophenanthrene, 1286. 
at ~~ Tien Rieti ieee 
4-Keto-l-ethoxy-2-phenyl-3:4-dihydrophthalasine 
Ketohydrophenanthrene derivatives, synthesis of, 








en 












4Keto-1 -hydroxy-3-(nitroaryl)-3:4-dihydrophthal- 
azines, preparation of, 1808. 
p-Keto-8-hydroxy-0-(2:2:6-trimethyl-A°-cyclohexenyl)- 


(-methyl-A*"-octadiene, and its phenylsemicarb- 


azone, 586. 
a-Ketols, electrolytic dissociation of, 226. 


steric hindrance in oxidation and racemisation of, 


223. 
action of, with periodic acid, 1467. 
4-Keto-1-methoxy-3-(2’-bromo-4’-nitropheny])-3:4-di- 
hydrophthalazine, 1813. 
4-Keto-1-methoxy-3-(2’:6’-dichloro-4’-nitrophenyl)- 
3:4-dihydrophthalazine, 1814. 
4-Keto-1-methoxy-3-(2’-chloro-4’-nitropheny] )tetra- 
hydrophthalazine, 1813. 
2-Keto-10-methoxy-2:8:4:5:6:7:8:14:15:16-decahydro- 
chrysene, 1287. 
3-Keto-7-methoxy-1:2:3:9:10:11-hexahydro-1:2-cyclo- 
pentenophenanthrene, 1288. 
1-Keto-7-methoxy-1:2:3:4:9:10-hexahydrophen- 
anthrene, and its derivatives, 1291. 
4-Keto-1-methoxy-3-(nitrophenyl)-3:4-dihydrophthal- 
azines, 1811. 
ak Tata thine anaes nenes 
1815. 


5-Keto-8-m-methoxyphenyloctoic acid, 1290. 
a taeda 3:4-tetrahydronaphthalene, 
128 
1 Koto 6-axsthyhlocalin-t-essboxlie acid, 
derivatives, 478. 
1-Keto-2-methyl-1:2-dihydrobenzselenazole, 1765. 
1-Keto-2-methyl-1:2-dihydrobenzthiazole, 5-bromo-, 5- 
chloro-, 5-iodo-, and 5-nitro-, 1760. 
3-Keto-6:7-methylenedioxy-2-8-piperonylethyl-1:2:3:4- 
tetrahydroisoquinoline, 665. 
3-Keto-2-methyloctahydropyrrocoline, and its picrate, 
1744. 
a-Keto-£-methyl-y-isopropylsuberic acid, and its silver 
salt and derivatives, 316. 
1-Keto-2-methyl-1:2:3:4-tetrahydrophenanthrene, 1635. 
Ketones, ultra-violet absorption spectra of, 1313. 
aliphatic, photodissociation of, 1151. 
icyclic derivatives of, 982. 
aromatic, hydrolysis of, by acids, 1123. 
cyclic, photochemical decomposition of, 455. 
‘unsaturated substituted, 1570. 
-Regpetaneen, action “of, with periodic acid, 


1-Keto-3-(2’-nitrophenyl)-2-methyltetrahydrophthal- 
tic acid, and its methyl ester, 1804. 

3-Keto-octahydropyridocoline, and its picrate, 1744. 

2-Keto-4-phenyldecalin, 1286. 

$-Keto-1-phenyl-11-methyl-2:3:4:9:10:11-hexahydro- 
phenanthrene, 1287. 

5-Keto-2-phenyl-4-(2’-nitro-5’-acetoxybenzylidene)-4:5- 
dihydro-oxazole, 1267. 

5-Keto-2-phenyl-4-0-nitrobenzylidene-4:5-dihydro- 
oxazole, 1267. 

eee yg -benzyloxybenzylidene)- 

6, 

5-Keto-2-phenyl-4-(2’ ee -methoxybenzylidene)- 
4: le, 

2-Keto-4-phenyl-A* *-octalin, 1286. 

a-Ketopropaldehyde, S8w-tribromo-, 3:5-dichloro-2:4- 
dibromophenylhydrazone, 1008. 

B-Keto-5-teresantalylbutylmalonic acid semicarbazone, 
313. 

y-Keto-c-teresantalylhexoic acid, silver salt and methyl 
ester, and its derivatives, 314. 

1-Keto-1:2:3:4-tetrahydrocarbazole, of, 
with a bee ers yp 976. 

Ketoxime hydrochlorides, rearrangement of, 1223. 

Kinetics of 2 1111. 

Krypton, density of, 791. 


and its 


compounds 
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L. 


Lamps, mercury arc, light filters for, 76. 
Lanthanum nitrates, and their solubilities in water, 
824. 


magnesium nitrate, solubility of, 356. 
Lauric acid, potassium salt, densities of aqueous 
solutions of, 626. 
Lead, at. wt. of, 794. 
Lead organic compounds : — 
Lead alkyls, p Se ae properties of, 39. 
Lectures delive before the Chemical Society, 48, 
201, 268, 654, 1876. 
Lettocine, and its derivatives, 734. 
Lettoresinols, and their derivatives, 1130. 
Leuco-anthocyanidins, 744. 
Leuco-anthocyanins, 744. 
a- and f-Licanic acids, and their derivatives, 1632. 
Lichen acids, 1379. 
Light filters for mercury lamps, 76. 
Linkings, double, addition to, 828, 1511. 
Liquids, polarisation of, 727. 
relation between molecular orientation polarisation 
of, and in gaseous and dissolved states, 1747. 
associated, dipole moments of, 502. 
non-aqueous, electro-endosmosis with, 1229. 
Liversidge Lecture, 268. 
Lumistadienetriol, and its derivatives, 1222. 
Lumistatetraene, 1223. 
Lumisterol, and its 3:5-dinitrobenzoate, 1221. 
Lupin alkaloids, 1743. 


Maclurin, cyano-, constitution of, and its derivatives, 

752. 
ium boride, hydrolysis of, 1694, 
double nitrates with cerium group metals, solubility 
of, 356. 

Magnus’s salt, green and red forms of, 1586. 

Maize starch, waxy, molecular structure of, and its 
derivatives, 177. 

Maleic anhydride, addition of, to Sotegnaie dione, 1512. 
action of, on diphenyliso 1326 

Malic acid, ethyl ester, oxidation of, with selenium 
dioxide, 902. 

Malonic acid, dissociation constant of, 28. 
complex metallic salts, 168. 
heavy-metal and sodium salts, complex formation 

between, 1728. 

sodioalkyl esters, Michael additions to, 857. 

Malonic acid, nitro-, methyl ester, and its nitronic 
derivative, 7. 

Malonic acids, reaction of, with metallic hydroxides, 
910. 

Mandelic acid, ethyl ester, oxidation of, with selenium 
dioxide, 903. 

ee acid, resolution of, with (—)ephedrine, 


Manteile acid, r-o-amino-, and its derivatives, 107. 
(+)- and (—)-o-amino-, and their derivatives, 108. 
(—)o-hydroxy-, 111. 

(+)- and (—)-o-nitro-, and their derivatives, 108. 


Manganic anenate. preparation of, and its use us 
oxidising agent, 1605. 
lybdates, structure of, 579. 
d-Mannuronic acid, preparation of, and its derivatives, 
517. 
Matairesinol, and its diethyl and dimethyl ethers, and 
dibromo-, and dinitro- "iceethyl ethers, 635. 
Melting points, mixed, in entropic series, 1480. 
Memorial Lectures, 654, 1876. 
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A!-Menthen-2-ol-3-glyoxylic acid, lactone, and its 2:4- 
dinitrophenylhydrazone, 316. 

dl-A'~p-Menthen-3-one. See dl-Piperitone. 

A!-p-Menthen-3-one-4-carboxylic acid, methyl ester, 
1585. 

Menthone, rotatory dispersion of, 709. 

Mercury, parachor of, in simple and complex com- 
pounds, 1549. 

Mercury organic compounds :— 
Mercury alkyls, physical properties of, 39. 

alkylmercaptides, 1562. 

Mesityldichlorophosphine, 463. 

Mesityldimethylarsine, 464. 

Mesityldimethylethylphosphonium iodide, 464. 

Mesityldimethylphosphine, 462. 

Mesitylene, trinitro-, dipole moment of, 960. 

Metacetaldehyde, preparation of, and its effect on 
rotation of ethyl tartrate, 904. 

Metals, rare, extraction of, from British minerals, 566. 

Metallic hydroxides, reaction of malonic acids with, 

910. 

salts, complex, constitution of, 1549. 

Metatungstic acid. See under Tungsten. 

Methane, ignition of mixtures of, with air at reduced 
pressures, 1426. 

Methane, nitro-, condensation of, with halogeno- 
aldehydes, 1178. 

2-Methanesulphonyldiphenylamine, 4-nitro-, 1265. 

Methoxides, conductivity of, 540. 

8-Methoxy-7-acetonyloxycoumarin, 816. 

4-Methoxy-3-isoamylbenzaldehyde, 2-hydroxy-, and 
its derivatives, 1372. 

4-Methoxy-3-isoamylbenzoic acid, 2-hydroxy-, 1372. 

r-4-Methoxybenzilic acid, 153. 

o-Methoxybenzoic acid, l-acetyl-2-naphthyl ester, 870. 
o-acetylpheny] ester, 869. 

Methoxy-2-benzoylbenzoic acid, 1369. 

y-4-Methoxybenzoylbutyric acid, y-3-amino-, and y-3- 
nitro-, 1093. 

3-4’-Methoxybenzoyl-2-naphthoic acid, 1369. 

f-4-Methoxybenzoylpropionic acid, 8-3-amino-, 1093. 

5-4-Methoxybenzoylvaleric acid, 5-3-amino-, and 8-3- 
nitro-, 1093. 

1-Methoxybenzthiazole, and 5-bromo-, 1760. 

m-Methoxybenzyl alcohol, 1537. 

m-Methoxybenzylacetone, and its semicarbazone, 433. 

8- and §5-Methoxybenzylideneglycine, 2-hydroxy-, 
barium salt, 214. 

m-Methoxybenzylidenephenylisooxazolone, 1541. 

7-Methoxy-4’-benzyloxyflavanone, 867. 

5-Methoxy-a-(m-benzyloxyphenyl)cinnamic acid, 2- 
amino-, and 2-nitro-, 1541. 

CR ang NERS A ReeEN Ty aan, 

8’-Methoxychromeno-(3’:4’:2:3)-chromone, 
oxy-, and its acetyl derivative, 996. 

m-Methoxycinnamic acid, and its ethyl ester, bromin- 
ation of, and aB-diiodo-, 1600. 

m-Methoxycinnamic acid, 6-nitro-a-amino-, a- benzoyl 
derivative, 1267. 

m-Methoxyallocinnamic acid, and its bromo-deriv- 
atives, 1604. : 

.  weceeron acid, 2-acetyl-l-naphthyl ester, 


«-p-Methoxycinnamoyl-2-acetyl-1-naphthol, 870. 
4-Methoxycinnamylidenepyruvic acid, and its sodium 
salt and 2:4-dinitrophenylhydrazone, 1053. 
2-Methoxy-9-8-diethylaminoethylaminophenanthrid- 
ine, salts of, 1409. 
2-Methoxy-9-5-diethylamino-a-methylbutylaminophen- 
anthridine, and its salts, 1410. 
2-Methoxy-4:5-diethyl-8-chloropropiophenone, 303. 
4-Methoxydimethyldeoxybenzoins, and their 2:4-di- 
nitrophenylhydrazones, 1125. 


7-hydr- 
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7-Methoxy-3’:3’-dimethyl-1:2-cyclopentenophenan- 
threne, 450, 453. 

7-Methoxy-1:3’-dimethyl-1:2 :3:4-tetrahydro-1:2-cyclo- 
pentenophenanthrene, 453. 

4-Methoxydiphenyl ether, 2’ :4’-dinitro-2-amino-, 198. 

a-Methoxy-aa-diphenyl-8-methylpentane, 1218. 

1-Methoxy-5-ethoxybenzthiazole, 1760. 

3-Methoxy-4-ethoxyphenylacetonitrile, 121. 

B-3-Methoxy-4-ethoxyphenyl-a-methylacrylic 
and its ethyl ester, 121. 

ee eT acid, 


acid, 


7-Methoxyflavanone, 4’-hydroxy-, 867. 

Methoxyflavones, 1165. 

Methoxyflavylium salts, 87. 

5-Methoxyhomophthalo-8-m-methoxyphenylethylamic 
acid, and its methyl ester, 294. 

5-Methoxyhomophthalo-8-m-methoxyphenylethyl- 
imide, 294. . 

4’-Methoxy-7-(8-hydroxyethoxy) flavone, and its acetyl] 
derivative, 1101. 

Methoxyl, determination of, microvolumetrically, 
1419. 

4’-Methoxy-4-(p-methoxyphenacy] )flavene, 89. 

4’-Methoxy-4-(p-methoxyphenacyl )flavylium salts, 89. 

4’-Methoxy-4-(-methoxyphenacylidene)flavene, 89. 

5-Methoxy-a-(m-methoxyphenyl)cinnamic acid, 2- 
amino-, and 2-nitro-, 1541. 

1-Methoxy-5-methylbenzthiazole, 1758. 

2-Methoxy-2-methylchroman, 648. 

4-Methoxy-2-methyldeoxybenzoin, 
carbazone, 1125. 

4-Methoxy-2-methyldeoxybenzoin, 4’-nitro-, and its 
oxime, 1126. 

Methoxymethyldihydroncobrucidine, action of methyl 
sulphate on, in boiling benzene, 1291. 

Methoxymethylchanodihydrostrychnanic acid, and N- 
nitroso-, 935. 

Methoxymethylchanodihydrostrychnonic acid, penta- 
bromo-, hydrobromide, 938. 

8-Methoxy-3’-methyl-7:6-furocoumarin, 816. 

6-Methoxymethylhomopiperonyl-y-piperonylethyl- 
amine, 665. 

se ean cence etre eatcinaienanes 450, 

53. 


6-Methoxy-7-methylpurine, 2-chloro-, 957. 
6-Methoxy-8-methylquinoline, and 5- and 7-bromo-, 
and their salts, 1422. 
3-Methoxy-1-methylquinolone, 1657. 
ee 


2’-Methoxy-f-naphthaflavone, 870. 

1-Methoxynaphthalene-2:4-dicarboxylic acid, and its 
derivatives, 1062. 

Methoxy-2-a-naphthoylbenzoic acid, 1369. 

o-(6-Methoxy-2-naphthoyl)benzoic acid, 1369. 

wees alcohol, and its bromide, 


1-(8-6’-Methoxy-1’-naphthylethyl )-2:5-dimethyl-A'- 
cyclopentene, and its picrate, 453. 

2-(8-6’-Methoxy-1’-naphthylethyl)-4- and -5-methyl- 
y meta si: acids, ethyl esters, 
452. 


7-Methoxy-4-phenacylflavylium ferrichloride, 87. 

2- and 7-Methoxyphenanthridines, 9-chloro-, 1408. 

Methoxyphenanthridones, 1408. 

5-Methoxyphenol, 3-chloro-2-nitroso-, and 2-nitroso-, 
metallic derivatives, 1617. 

4-Methoxyphenoxyacetic acid-2-acetonitrile, and its 
methyl ester, 994. 

6-Methoxyphenoxyacetic acid-2-acetonitrile, and its 
derivatives, 995. 

6-Methoxyphenoxyacetic acid-2-chloroacetonitrile, 
ethyl ester, 995. 


and its  semi- 


methosulphate, 














6-Methoxyphenoxyacetic acid-2-O-dimethylphlor- 
acetophenones, 996. 

4-Methoxyphenoxyacetic acid-2-resacetophenone, 994. 

6-Methoxyphenoxyacetic acid-2-resacetophenone, 995. 

es gees acid, ethyl ester, preparation 
0 

3-Methoxy-2-phenylbenzo-2-pyranol, 1165. 

4’-Methoxy-2-phenylbenzopyranol 4-ethyl ether, 1164. 

a 4-benzyloxystyryl ketone,2-hydroxy-, 

y-m-Methoxyphenylbutyric acid, and its derivatives, 
1290. 


6’-Methoxy-4-phenyl-2:3-coumareno(3’:2’)-chromylium 
chloride, 7-hydroxy-, 943 
5-o- and -p-Methoxyphenyldihydroresorcinols, 540. 
4-(3’-Methoxyphenyl)-2:6-dimethyl-1:4-dihydro- 
pyridine-3:5-dicarboxylic acid, 4-4’-hydroxy- and 
-2’-nitro-4’-hydroxy-, ethyl esters, 817. 
4-(4’-Methoxyphenyl)-2:6-dimethyl-1:4-dihydro- 
pyridine-3:5-dicarboxylic acid, 4-3’-hydroxy-, and 
-5’-nitro-3’-hydroxy-, ethyl esters, 817. 
B-m-Methoxyphenylethylacetoacetic acid, ethyl 
ester, 1537. 
f-m-Methoxyphenylethylcyclohexane-2:6-dione, 1290. 
¢-m-Methoxyphenyl-A“*”-hexadiene, 435. 
{-m-Methoxyphenyl-A°-hexen-y-ol, and its 3:5- 
dinitrobenzoate, 435. 
{-8-Methoxyphenyl-5-methyl-Ac-hexen-5-ol, and its 
3:5-dinitrobenzoate, 433. 
m-Methoxyphenylpropiolic acid, 1604. 
p-m-Methoxyphenylpropionic acid, esters, 435. 
methyl ester, 1413. 
B-8-Methoxyphenylpropionic acid, af-dibromo-, and 
its ethyl ester, and aB-dibromo-8-6-bromo-, 1603. 
y-m-Methoxyphenyl-n-propyl alcohol, 1289. 
and its 3:5-dinitrobenzoate, 435. 
y-m-Methoxyphenyl-n-propyl chloride, 435. 
y-m-Methoxyphenylpropyl methyl ketone, 1538. 
Methoxypurines, rearrangement of, 955. 
Methoxypyrimidines, rearrangement of, 955. 
2-Methoxyquinoline, 3-hydroxy-, 1657. 
3-Methoxyquinolone, preparation of, 1656. 
2-p-Methoxystyryl-1:4-a-naphthapyrone, 870. 
5-Methoxy-o- and -p-toluidines, bromo-, 1423. 
Methyl, free, reactions of, 366, 372. 
Methyl alcohol, reaction of, with hydrogen chloride, 
599. 


(—)Methyl f-octyl sulphide, 1081. 

2-Methyl-(8-1’-acenaphthylethyl)-A'-cyclohexene, and 
its picrate, 670. 

o-Methylacetophenone, and w-bromo-, and _ their 
semicarbazones, 999. 

a-Methylacrylic acid, 8-methoxy- and 8-phenoxy-ethyl 
esters, 716. 

2-0-Methyl-4-0-allyl-5-allylresacetophenone, 632. 

4-Methyl-8-allylcoumarin, 7-hydroxy-, 631. 

2-Methyl-1l-allyl-3:4-dihydrophenanthrene, and _ its 
picrate, 1635. 

2-0-Methyl-4-0-allylresacetophenone, 630. 

2-O0-Methyl-5-allylresacetophenone, 632. 

4-O0-Methyl-3-allylresacetophenone, 631. 

a-Methylaltroside, 1199. 

Methylamine, photochemical decomposition of, 1612. 
kinetics of thermal decomposition of, 929. 

1-Methylaminobenzselenazole, 1764. 

2-Methylaminodiphenyl ether, 2’:4’-dinitro-, 1313. 

2’-Methylaminodiphenyl sulphide, 2-nitro-, and its 
derivatives, 184. 

Mt agg 1 nt er salts, 491. 
Methylaniline, dielectric constant and. density of, 
776. 

Methyl-8-1-anthraquinonyloxyethylsulphone, 1237. 

8-Methyl-1-arabinoside, crystal structure of, 981. 

5-Methyl y-arabonolactone, 653. 
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O-Methylbebeerilene, 1389. 
O-Methylbebeerinemethine methiodides, 1388. 
2-Methyl-6:7-benzhydrindone, 1324. 
o’-Methylbenzoin, 225. 
5-Methylbenzthiazole, 
1759. 
1-hydroxy-, and its salts and derivatives, 1758. 
N(a)-Methyl-N(b)-benzylneobrucidinium salts, 1293. 
Methylbenzyloxybenzoic acids, 1840. 
2 rendre acid, ethyl ester, 
2-Methyi-1-A¥-butenyl-3:4-dihydrophenanthrene, and 
its picrate, 1635. 
Methylisobutylamine, a-bromo-, hydrobromide, and 
p-nitrobenzoyl derivative, 414. 
d- and l-a-Methylisobutylamines, and B-hydroxy-, and 
their salts and derivatives, 416. 
Methyl-n-butylglyoxime, nickel derivatives, 623. 
Methyl n-butyl ketone, photolysis of, 1638. 
Methyl a-carbomethoxyethyl carbonate, 1060. 
2-Methylchroman, 648. 
2-Methylchromene, 648. 
Methyl a-cyanoethyl carbonate, 1060. 
N-Methylcytisine, 1054. 
9-Methyldecalin, preparation of, 737. 
— and its semicarbazone, 


bromohydroxy-derivatives, 


2-Methyldeoxybenzoin, 4’-nitro-4-hydroxy-, 1126. 

2’-Methyldeoxybenzoin, and its 2:4-dinitrophenylhydr- 
azone, 1125. 

Methyldi-n-amyl-lead chloride, 43 

2-Methyldibenzyl, 4-hydroxy-, benzoate, 1125. 

Methyldiethylarsine mercurichlorides, 398. 

Methyldiethylarsonium picrate, hydroxy-, 397, 398. 

2-Methyl-1:2-dihydrobenzselenazole, 1-imino-, and 
1-nitrosoimino-, 1764. 

2-Methyl-1:2-dihydrobenzthiazole, 5-chloro-, 5-iodo-, 
and 5-nitro-1-nitrosoimino-, 1760. 

N(b)-Methyl-des-dihydrobrucidine-a, and its deriv- 
atives, 1688. 

N(b)-Methyl-des-dihydrobrucidine-b, and its deriv- 
atives, 1693. 

N(b)-Methyldihydrobrucidinium salts, 1687. 

1-Methyl-3:4-dihydronaphthalene, 1543. 

4’-Methyldiphenyl, 2- and 4-nitro-, oxidation of, with 
chromyl chloride, 114. 

eee 


2’-Methyldiphenyl-6-carboxylic acid, 2:4-dinitro-, com- 
plex compounds of, with benzene, 1856. 

Methylene, free, 381. 

Methyleneamines, cyclic, action of benzoyl chloride 
and of hydrogen sulphide on, 865. 

Methyleneazomethines, effect of p-alkyl substituents 
on prototropy in, 1847. 

5:6-Methylenedioxybenzyl alcohol, 2:3-dibromo-, 725. 

3:4-Methylenedioxycinnamic acid, methy] ester, 1413. 

2:3-Methylenedioxy-11:12-dimethoxyoxyprotoberber- 
ine, synthesis of, 293. 

4-(3’:4’-Methylenedioxyphenyl )-2:6-dimethyl-1:4-di- 
hydropyridine-3:5-dicarboxylic acid, and 4-6-bromo-, 
-chloro-, and -nitro-, ethyl esters, 818. 

B-8:4-Methylenedioxyphenyipropionic acid, methyl 
ester, 1413. 

6:7-Methylenedioxy-1-(3’:4’:5’-trimethoxyphenyl )-2- 
chloromethylnaphthalene-3-carboxylic acid, 1580. 

6:7-Methylenedioxy-1-(3’:4’:5’-trimethoxypheny]l)-2- 
ee iin tome mieen se lactone, 

580. 

6:7-Methylenedioxy-1-(3':4’:5’-trimethoxypheny!)- 
naphthalene-2:3-dicarboxylic acid, and its deriv- 
atives, 1580. 

Methylenetartaric acid, and its dimethyl ester, rot- 


2’:4’-dinitro-2-hydroxy-, 





ations of, 1038. 
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(+)Methylethylacetyl chloride, 1080. 

Methyl ethyl ketone bisethylmercaptol, 1557. 

a-Methyl-1-fucoside, crystal structure of, 981. 

3’-Methyl-7:6-furocoumarin, 815. 

a-Methylgalactopyranoside acetone, 1019. 

a 6-bromohydrin, crystal structure 
of, 982. 

a-Methyl-d-galactoside hydrate, crystal structure of, 
981. 

4-Methyl 3-gluconolactone, 875. 

5-Methyl glucosazone, 1400. 

4-Methyl glucose, constitution of, and its derivatives, 
873. 

Methylglycosides, acetone derivatives of, 1012. 

a- and f#-Methylglucosides, complex compounds of, 
with metaboric acid, 175. 

a-Methylguloside, 689. 

3-Methylcyclohexanecarboxylic acid, 2-bromo-, and 

cis-3-bromo-, 266 

1:2-dibromo-, 264. 

dl-1-Methylcyclohexane-1:2-diol, and its bis-3:5-di- 
nitrobenzoate, 1272. 

1-Methyl-1: hexanolide, 265. 

= hexan-1-ol-2-one, and its derivatives, 


3-Methylcyclohexenecarboxylic acids, 264. 
Methyl hexoses, 873. 
6-Methylhomopiperonoyl-f-piperonylethylamine, 
6-hydroxy-, 665, 666. 
6-Methylhomopiperonyl-f-piperonylethylamine, 665. 
6-Methylhomopiperonylic acid, 666. 
8-Methylhydrindane, 737, 738. 
a-Methylmannofuranoside 2:3-5:6-diacetone, 1018. 
a- and #-Methylmannopyranosides, acetone com- 
pounds of, 1017. 
a-Methylmannoside 2:3-acetone, 517. 
a-Methyl-d-mannuronide, and its potassium salt, 517. 
a-Methylmannuronide acetone, potassium salt, 517. 
2- and 3-Methyl a-methylaltrosides, 1198. 
2-Methylnaphthacene, 77. 
2-Methyl-5:6-(1:2-naphtha)-y-pyran, 1542. 
Methylnaphthazarin, and its diacetate and diboro- 
acetate, 333, 335. 
a)’ eat aaaae ethyl alcohol, and its bromide, 


9 Sothyl-1-48-1 =a — neem and its 
3:5-dinitrobenzoate, 671 
Methyl-2-naphthylmethylmalonic acid, 1324. 
7-Methyl-[0:3:4-bicyclo ]nonan-2-one-3:4-dicarboxylic 
acid, derivatives of, 479. 
Methyloctahydrochrysene, and its picrate, 671. 
2-Methyloctahydropyrrocoline, and 3-hydroxy-, 
their salts, 1745. 
trans-3-Methyl-A*-octal-1-one, 1068. 
trans-3-Methyl-A?-octal-1-one-4-carboxylic acid, ethyl 
ester, 1068. 
2-Methyloximino-2-phenylindolone, 1210. 
1-Methylcyclopentane-l-carboxy-2-acetic acid, 1068. 
P-Rmrtocntane-(ite-teseenbengis acid, ethyl ester, 


8-Methylpentane-f5c-tricarboxylic acid, and its ethy! 
ester, 1128. 
1-Methyl-A*-cyclopentene-l-carboxylic acid, and its 
ethyl ester, 1536. 
a-Methylpentenoic acids, 258, 266. 
3’-Methyl-1:2-cyclopentenophenanthrene, preparation 
and identification of, 644. 


and 


and 


styphnate, 445 

9-Methyl-1:2-cyclopentenophenanthrene, and its deriv- 
atives, 443. 

1-Methyl-A*-cyclopentenyl-l-carbinol, and its p-nitro- 
benzoate, 1536. 

1-Methyl-A*-cyclopentenylmethyl chloride, 1536. 

9-Methylphenanthrene, 9-chloro-, 1323. 
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9-Methylphenanthridine, 3-bromo-, and its deriy- 
atives, 1407. 

2-Methylphenazine, 741. 

2-Methylphenoxarsine, 10-chloro-, 1051. 

3-Methylphenoxazine, 3-nitro-, 1313. 

5-Methyl-3-isopropylcinnamic acid, 1030. 

Methyl-n-propylglyoxime, nickel derivatives, 622. 

7-Methyl-4-isopropyl-1-hydrindone, 1030. 

2-Methyl-l-n-propylphenanthrene, and its s-trinitro- 
benzene complex, 1635. 

a-Methyl-5-isopropylpimelic acid, and its derivatives, 
316. 

8-Methylquinoline, derivatives of, 1421. 
w-substituted derivatives of, 1143. 

8-Methylquinoline, 3-bromo-6-nitro-, 1424. 

Methylselenonic acid, 904. 

Methyltetrahydrobrucidine, hydroxy-, and its acetyl 
derivative, 1691. 

Methyltetrahydro-1:2:5:6-dibenzfluorene, 1325. 

2-Methyl-1:2:3:4-tetrahydronaphthacene, 82. 

1-Methyl-1:2:3:4-tetrahydro-1:2-cyclopentenophen- 
anthrene, 7-hydroxy-, 455. 

2-Methyltetrahydrophenazines, 741. 

5-Methyl-a-tetralone, and its derivatives, 999. 

a etatennemarnternens or acid, ethyl ester, 

ee acid, and its esters, 


Mothytthiotormaldin hydrobromide, 866. 

— :5-thionaphthenopyrazole, and its dioxide, 
473. 

N-Methyl-p-toluenesulphon-o-anisidide, 1313. 

Methyltri-n-butyltin, 41. 

Methyltrimethylphosphonium iodide, 464. 

Methyltri-n-propyltin, 41. 

O-Methyltubocurarine iodide, 1386. 

O-Methyltubocurarinemethine methiodides, 1387. 

a-Methyl-n-valeric acid, /-methyl ester, action of, 
with phenylmagnesium bromide, 1218. 

Michael reaction, 420, 857. 

Micro-organisms, formation of organo-metalloidal 
compounds by, 396. 

Molecular structure and dipole moments, 987, 989. 
compounds, formation of, in solution, 1709. 

Molybdenite, Australian, rhenium from, 567. 

Moulds, unicellular, 201. 


Naphthacene, homologues of, 77. 
B-Naphthaflavone, 870. 
1’:2’-Naphtha-2:3-fluorene, 1323. 
1’:2’-Naphtha-2:3-fluorenone, 1324. 
Naphthalene, condensation of, with phthalic anhydride, 
1031. 
derivatives, homonuclear, salt formation of, 1850. 
peri-substituted derivatives, prediction of restricted 
rotation in, 319. 
reactivity of, 317. 
Naphthalene, i-chloro-3-nitro-, 1851. 
— er 2-nitro-l-hydroxy-, 


Naphthalene-1:8-carboxysulphonic anhydride, 318. 

Naphthalimide, 3-nitro-, 497. 

Naphthalomethylimide, ‘4-benzoyl derivative, and 3- 
amino-, 3-hydroxy-, and 3-mono- and 3:6-di-nitro-, 
and their derivatives, 497. 

1:2-Naphthaquinone, 4-chloro-, 1853. 

1:4-Naphthaquinone, 2-mono- and 2:3-di-hydroxy-, 

and their pyridine salts, 336. 
2-iodo-, 1853. 

Naphthaquinones, absorption spectra and colour 

reactions of, 325. 











a-Naphthaselenazole, l-amino-, and its acetyl deriv- 
ative, and 1-thiol-, 1766. 

Naphthastyril, 4:5-dinitro-, 318. 

a-Naphthoic acid, 8-halogeno-derivatives, reactions 
of, 317. 

a-Naphthol, and its methyl ether, mononitration of, 
671 


a-Naphthol, 2-bromo- and 2-iodo-4-nitro-, 1852. 
3-bromo-2-nitro-4-amino-, 4-chloro-2-nitro-, 3- 
chloro-2-nitro-4-amino-, 3-iodo-2-nitro-4-amino-, 
2-nitro-4-amino-, and 2:3-dinitro-4-amino-, and 
their derivatives, 674. 
2:4-dinitro-, monoreduction of, 671. 
r-o-B-Naphtholazomandelic acid, 107. 
1-Naphthol-2:4-dicarboxylic acid, synthesis of, and 
its ethyl ester, 1061. 
B-Naphthol-l-sulphonic acid, reaction of diazo- 
sulphonates from, 1134, 1796, 1808. 
o-B-Naphthoylbenzoic acid, 1369. 
3-a- and -8-Naphthoyl-2-naphthoic acids, 1369. 
a-Naphthyl methyl ether, 2- and 3-nitro-4-amino-, 
4-acetyl derivatives, 673. 
a-Naphthylamine, 2-bromo-4-amino-, and 2-bromo- 
3-nitro-4-amino-, 4-acetyl derivatives, 674. 
4-chloro-2-nitro-, 4-iodo-2-nitro-, and 2-nitro-, 
and their salts and derivatives, 1850. 
2- and 4-nitro-, action of bromine on, 1596. 
B-Naphthylamine, purification and determination of, 
in presence of a-naphthylamine, and its sulphonyl 
derivatives, 1854. 


p-Naphthylamine, 3-bromo-, 3-bromo-l-nitro-, and } 


3-bromo-1:6-dinitro-, 1595. 
4-bromo-, 4-chloro-, and 4-iodo-, and their salts 
and derivatives, 1851. 
Naphthylenediamines, bromo-, chloro-, and iodo-, 
and their salts and derivatives, 1851. 
1:2-Naphthylenediamine, 3-bromo-, 1595. 
2-B-1’-Naphthylethyl-1-methylcyclopentan-2-ol-1- 
carboxylic acid, methyl ester, and its amide, 1531. 
. ~ pene tenes: nitrosochloride, 
571. 


2-(B-1’-Naphthylethyl)-A*-cyclopentenone, and its de- 
rivatives, 1571. 
Naphthylideneacetophenone, 2-hydroxy-, 1164. 
2-8-Naphthylmethylcyclohexanone-2-carboxylic acid, 
ethyl ester, 1322. 
8-2-Naphthyl-a-methylpropionic acid, 1324. 
w-B-Naphthyl-o-toluic acid, 1031. 
Neodymium nitrate, solubility of, in water, 1430. 
Nickel, quadricovalent, configuration of, 459, 1475. 
Nickel sulphate heptahydrate, nucleus formation on 
crystals of, 1705. 
— precipitated, composition and properties 
of, 1459. 
Nickel organic compounds, complex, dimagnetic, 
planar configuration of, 621. . 
Nickel benzeneazo-naphthoxides, -phenoxide, and 
-p-tolyloxide, 1599. 
dibenzoinoxime, and its diacetate, 821. 
glyoximes, 621. 
3-tolueneazo-p-tolyloxide, 1599. 
Nickelodithio-oxalic acid, potassium salt, 1479. 
Niobium, at. wt. of, 792. 
Nitration, function of sulphuric acid in, 785. 
Nitric acid. See under Nitrogen. 
Nitriles, aliphatic, dipole moments of, 604. 
polyNitro-compounds, complexes of, 976. 
complex formation of, with aromatic hydrocarbons, 
580, 1856. 
Nitro-groups, acidifying action of, 1. 
Nitrogen, at. wt. of, 789. 
Nitrogen oxides, properties of, 692. 
= acid, relative oxidation potentials of solutions 
of, 125. 
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Nitrogen :— 

Nitrous acid, action of, on tertiary amines, 53. 
Nitrous acid. See under Nitrogen. 
Non-electrolytes, solubility of, 280, 952. 
Norlupinane, 1744. 
d-cis-Norcaryophyllenic acid, 534. 


O. 


Obituary notices :— 
Walter Ernest Adeney, 1891. 
Leonard Archbutt, 859. 
Kenneth Frankland Armstrong, 1892. 
Harford Montgomery Atkinson, 1327. 
Herbert Brereton Baker, 1893. 
William Barlow, 1328. 
James Munsie Bell, 860. 
Hubert Vernon Bettley-Cooke, 1330. 
Arthur Bramley, 1896. 
Samuel Francis Burford, 1897. 
Julius Berend Cohen, 1331. 
Harry Cooper, 1898. 
Guiseppe Grassi Cristaldi, 860. 
Charles Frederick Cross, 1337. 
Thomas Cuthbert Day, 1340. 
John Denton, 407. 
Peter Fenton, 1340. 
Harold Follows, 1341. 
William Thomas Gent, 861. 
Victor John Harding, 1341. 
Frederick Beaumont Hirst, 1344. 
George William Fraser Holroyd, 407. 
Egbert Grant Hooper, 1899. 
Charles Thomas Kingzett, 1899. 
Carl Langer, 1344. 
John Walter Leather, 1345. 
Jakob Meisenheimer, 1355. 
Sidney Morgan, 1346. 
Arthur William Nunn, 861. 
Sven Ludvig Alexander Odén, 862. 
Daniel J. O’Mahony, 408. 
Frederick Lawrence Overend, 1902. 
Lewis Gordon Paul, 409. 
Charles H. Ridsdale, 409. 
Walter Ritchings, 1903. 
Allan Winter Rowe, 863. 
Ernest Henry Saniter, 410. 
George William Slatter, 1903. 
Christopher Caiger Smith, 1904. 
Andrew Jamieson Walker, 1904. 
Sir James Walker, 1347. 
James Alfred Wilkinson, 1354. 
Francis Samuel Young, 1907. 
Octadeuteronaphthalene, and its picrate, 1325. 
Octahydro-1:2:3:4-dibenzanthracene, 1684. 
Octahydro-1:2:3:4-dibenzanthranyl acetate, 1684. 
Octahydro-1:2:3:4-dibenzanthraquinone, 1684. 
Octahydro-1:2:3:4-dibenzanthrone, 1684. 
s-Octahydrochrysene, 1636. 
Octahydro-1:1’-dinaphthyl, 1:1’-dihydroxy-, 1107. 
Octahydrodiphenyl. See Di-A™!-cyclohexene. 
s-Octahydrophenanthrene, condensation of phthalic 
anhydride with, 1684. 
as-Octahydrophenanthrene, use of, in syntheses, 767. 
6-as-Octahydrophenanthroic acid, 768. 
o-Octahydrophenanthroylbenzoic acid, and 4’:5’-di- 
chloro-, 1684. 
B-6-as-Octahydrophenanthroylpropionic acid, 768. 
y-6-as-Octahydrophenanthrylbutyric acid, 768. 
w-Octahydrophenanthryl-o-toluic acid, 1684. 
1:2:3:4:9:10:11:12-Octahydrophenazine, 740. 
Octahydrotetracyclopentenoanthraquinone, 1106. 
A*10¢-Octalone, 1638. 
bicyclo[0:8:3]Octane, derivatives of, 474. 
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cis- and trans-bicycloOctanes, 442. 
d-trans-B-0:3:3-bicycloOctanone, and 
azone, 1071. 
0:3:3-bicycloOctanones, 436. 
bicyclo[0:3:3]Octan-1-one-2:3-dicarboxylic acid, ethyl 
ester, and its semicarbazone, 476. 
dl-sec.-Octyl iodide, interchange reaction of, with 
sodium iodide in acetone solution, 1525. 
a-n-Octyladipic acid, 1542. 
sec.-Octylaniline, and its p-toluenesulphonyl deriv- 
ative, 1282. 
p-n-Octyloxybenzoic acid, 1874. 
2-n=-Octylcyclopentanol, 1542. 
2-n-Octylcyclopentanone, and its semicarbazone, 1542. 
1-n-Octylcyclopentan-2-one-l-carboxylic acid, ethyl 
ester, and its semicarbazone, 1542. 
(—)B-Octylpiperidine, 1081. 
(—)B-Octylthiol, 1081. 
(—)N-8-Octyl-p-toluidine, 1081. 
Cstratriene, dihydroxy-, methyl ether, 450. 
Gstrin, structure of, 445. 
Cstrone methyl ether, 449. 
Oils, natural, unsaturated acids of, 759, 761, 1630, 
1632. 
Olefines, formation of, 1514. 
addition of aniline to, 1279. 
Optical activity and tautomerism, 1778. 
in relation to multiplanar rings, 1069. 
inversion, Walden’s, 1525. 
Organic compounds, dipole moment and structure of, 
855. 
isotopic exchange reactions in, 1735. 
rotatory dispersion of, 696, 704, 709, 1313. 
containing angular methyl groups, action of selen- 
ium on, 735. 
Organo-metalloidal compounds, formation of, by 
micro-organisms, 396. 
Orthoformic acid, ethyl ester, parachor of, 207. 
Oxalic acid, reaction of, with potassium permanganate, 
1303. 
manganese salt, dihydrate, dissociation of, 321. 
ethyl ester, condensation of, with tetrahydrocarv- 
one, 315. 
Oxidation in aqueous solution, 1605. 
p-Oxyarsinopimelanilic acid, 291. 
p-Oxyarsinosuberanilic acid, 292. 
Oxygen, kinetics of reaction of, with sulphur, 1767. 


its semicarb- 


P. 


Palladium, parachor of, in simple and complex 
compounds, 1549. 
dissociation pressure of combination of, with hydro- 
gen, 1254. 
Palladium, quadricovalent, configuration of, 459, 1475. 
Palladium bases :— 
Diamminopalladium compounds, structure and con- 
figuration of, 1642. 
Tetra-amminopalladium compounds, 1648. 
Palladium organic compounds :— 
Palladium dibenzoinoxime, 821. 
mercaptides, 1561. 
Palladodithio-oxalic acid, potassium salt, 1479. 
= laurinum, unsaturated acid from kernels 
of, 759. ; 
Parinarium macrophyllum, unsaturated acid from 
kernels of, 761. 
Peltogyne, peltogynol from wood of species of, 745. 
Peltogynol, isolation and molecular structure of, and 
its derivatives, 744. 
Penta-acetyl-y-fructose, optical cancellation in, 696. 
cycloPentadiene, thermochemistry and kinetics of 
reaction of, with benzoquinone, 829. 
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cycloPentadiene, addition of benzoquinone and of 
maleic anhydride to, 1511. 
cycloPentadienebenzoquinone, dipole moment of, 1697. 
2:3:4:6:7-Pentamethyl f-a-glucoheptose, crystal struc- 
ture of, 1503. 
n-Pentane, yyd-trichloro-a-amino-8-hydroxy-, and it 
salts and derivatives, 1624. 
yyd-trichloro-a-nitro-B-hydroxy-, and 
derivative, 1179. 
trans-cycloPentane-1-carboxylic-2-acetoacetic 
ethyl ester, 1068. 
trans-cycloPentane-1:2-diacetic acid, preparation of, 
440. 
d- and |-trans-cycloPentane-1:2-diacetic acids, 1071. 
cycloPentane-1:1-dicarboxylic acid, and its sodium 
salt, dissociation constants of, 1628. 
cycloPentanedicarboxylic acids, dissociation constants 
of, 949. 
esters, hydrolysis of, 1482. 
ot Senet tntereereeenen acid, methyl ester, 


its acetyl 


acid, 


cycloPentane-2-f-propionic acid, and its derivatives, 
1068. 


n-Pentane-afye-tetracarboxylic acid, and its barium 
salt and methyl ester, 193. 

cycloPentanol-1:2-diacetic acid, lactone, 440. 

cycloPentanol-2-8-propionolactone, 1543. 

cycloPentanone-2-carboxylic-2-8-propionic acid, ethy| 
ester, 983. 

cycloPentanone-2-f8-propionic acid, 983. 

cycloPentanone-2-8-propionolactone, 1543. 

A'-cycloPentenecarboxylic acid, ethyl ester, con- 
densation of, with ethyl sodiocyanoacetate, 475. 

A'-cycloPentene-1l-carboxylic acid, 2-chloro-, and its 
ethyl ester, 1540. 

Beye Pentylpropionic acid, and its phenyl hydrazide, 


Phellandral mono- and di-nitrophenylhydrazones, 152. 
4-Phenacylflavylium ferrichloride, 87. 
9-Phenacyl-1:2:3:4:10-11-hexahydroxanthen, 1l- 
hydroxy-, 1117. 
7-Phenacyloxycoumarin, 815. 
Phenacyl-m-toluidine, 1210. 
Phenanthrapyrimidazine, thiolhydroxy-, 469. 
Phenanthrene, alkyl derivatives, absorption spectra 
of, 509. 
hydrogenated derivatives, absorption spectra of, 
512 


Phenanthrene, 2:5-dihydroxy-, 1542. 
Phenanthridine, 3:9-dibromo-, 1407. 
Phenanthridine series, 1405. 
Phenanthridone, amino-, bromo-, hydroxy-, 
nitro-derivatives, 1406. 
o-9-Phenanthroylbenzoic acid, 1369. 
2-(3’-Phenanthrylmethyl )cyclohexanone-2-carboxylic 
acid, ethyl ester, 1323. 
Phenazine, complexes of, with phenylenediamines and 
diphenylamine, 740. 
Phenazine series, syntheses in, 738. 
Phenazine-2-carboxylic acid, 741. 
Phenazine—N-methyldihydrophenazine 
chloride, 740. 
B-p-Phenetidinocrotono-p-phenetidide, 113. 
y-Phenetoylbutyric acid, 856. 
5-Phenetoylvaleric acid, 1093. 
e-p-Phenetylhexoic acid, 1093. 
p-Phenetylthioncarbamic acid, methyl ester, 1760. 
p-Phenetylthiourethane, 1760. 
Phenols, monohalogenated, dissociation constants of, 
1821. 
substituted, B-hydroxyethyl ethers of, 1098. 
Phenolic ethers, halogenation of, 1831, 1835. 
y-Phenoxybutyric acid, a-amino-, ethy! ester, hydro- 
chloride, 490. 


and 


dihydro- 
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S-Phenoxytrichloromethylthiol, and 2-chloro-, 681. 
4(5)-B-Phenoxyethylglyoxaline, 491. 
4(5)-8-Phenoxyethyl-2-thiolglyoxaline, 490. 
Phenyl, free, 380. 
Phenyl alkyl ethers, chloro-, 1834. 
= ethers, bromo-, and chloro-, substituted, 
1839. 
y-bromopropy] ether, p- -bromo-, 1834. 
Phenyl n- and iso-buty] sulphides, 1556. 
8-carboxy-1-naphthyl vakphide: 318. 
8- alata sulphoxide, optical resolution 
oO 
cetyl ethers, p-bromo-, and p-chloro-, 1834. 
picryl sulphide, 2-amino-, derivatives, 342. 
(+-)Phenyl f-octyl sulphide, 1082. 
(—)Phenyl n-butyl ether, 1079. 
B-octyl ether, 1082. 
(—)Phenyl a-phenyl-8-propyl sulphide, 1084. 
Phenylacetic acid, and its sodium salt, as new buffer 
solution, 912. 
= ester, oxidation of, with selenium dioxide, 


~ 


substituted derivatives, electrolytic dissociation of, 
346 


Phenylamino-. See Anilino-. 
at atanaeaeeatanesenalenl )pyrylium picrate, 
oO. 

B-Phenyl-f-anthranylpropionic acid, 1103. 

B-Phenyl-8-anthronylpropionic acid, 1103. 

Phenylarsinic acid, m-amino-, action of hydrobromic 
acid on, 470. 

Phenylazo-. See Benzeneazo-. 

2-Phenylbenzamidophenyl methyl sulphide, 
nitro-, 342. 

2-Phenylbenzamidophenylmethylsulphone, 2-o-nitro-, 


p-Phenylbenzhydrylidene-benzylamine, 1784. 
a acid, 5-chloro-, 


o -eaeetaeies 2:4-dinitrophenylhydrazone, 


PR -..e 4-ethyl ether, 1164. 

2-Phenylbenzthiazoline S-dioxide, 5-nitro-, 1265. 

Phenylbenzylindenes, 1020. 

Phenyl  f-p-bromophenyl-f-phenylethyl ketone, 
p-bromo-, 991. 

a-Phenylbutadiene, polymerisation of, 1359. 

aici acid, ethyl ester, 


5-Phenyl-n-butanetricarboxylic acids, 1360. 
— p-chloro-, nickel derivative, 
8-Phenylcinnamylthiourea, 1362. 
4-Phenyl-2:3-coumareno(3’:2’)chromylium _ chloride, 
7:6’ -dihydroxy-, 943. 
3-Phenyl-3:4-dihydrophthalazine-4-acetic 1- 
hydroxy-3-2’-amino-, and -3-(chloro-2’-amino)-, 
and their derivatives, 1805. 
1-hydroxy-3-2’-bromo-4’-amino-, and 1-hydroxy- 
3-2’-bromo-4’-nitro-, and their derivatives, 1135. 
1-hydroxy-3-2’-nitro-, and 1-hydroxy-3-chloro- 
nitro-, and their derivatives, 1803. 
3-Phenyl-3: 4-dihydrophthalazine-1-sulphonic-4-acetic 
= 3-2’-bromo-4’-nitro-, sodium hydrogen salt, 
135. 
3-4’-chloro-2’-nitro-, sodium 
hydrogen salts, 1803. 
5-Phenyldihydroresorcinol, 5-o-chloro-, 539. 
2-Phenyl-1:1-dimethylbenzthiazoline S-dioxide, 
nitro-, 1265. 
B-Phenyl-fy-dimethylbutane, f-p-amino-, 
hydrochloride and acetyl derivative, 1282. 
Phenyl—N N’-dimethyl-9:10-dihydrophenazine 
hydrochloride, 740. 
6K 


2-o- 


and 3-2’-nitro-, 
5- 
its 


di- 


and 
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1-Phenyl-2:3-dimethylindene, l1-hydroxy-, 1161. 
Phenyl £8-diphenylethyl ketone, p-chloro-, 991. 
Phenyldi-p-tolylguanidines, preparation of, 680. 
rea acids, ethyl esters, 


p-Phenylenediamine, tetrazotisation of, 530. 

endo-9:10-o-Phenylenetetradecahydro-1:2:3:4-dibenz- 
naphthacenequinone, 1107. 

p-B-Phenylethoxybenzoic acid, 1834. 

B-Phenylethyl alcohol, p-chloro-, and p-iodo-, 1820. 

— benzoates, p-amino-, and p-fluoro-, 


= p-bromo-, p-chloro-,p-fluoro-, and p-iodo-, 

1820. 

1-8-Phenylethyl-A!-cyclohexene nitrosochloride, 1571. 

5 ~~ ete and its derivatives, 

8-8-Phenylethyl-2-methyl-4:5-benzindene, 
picrate, 1325. 

3-8-Phenylethylphthalic anhydride, 434. 

3-8-Phenylethyi-1:2:3:6-tetrahydrophthalic acid, 
potassium hydrogen salt and anhydride, 43. 

B-Phenylethyltrimethylammonium chloride hydro- 
chloride, B-p-amino-, 872. 

4-Phenylflavylium salts, 7-hydroxy-4-p-hydroxy-, and 
6:7-, 7:4’-, and 7:8-dihydroxy-, 942. 

3’-Phenyl-7:6-furocoumarin, 815. 

Phenylglycine, N-nitroso-, and its derivatives, action 
of acetic anhydride on, 899. 

¢-Phenyl-A*Y-hexadiene, 433. 

> ‘saaieniiama thn and its 3:5-dinitrobenzoate, 


> aad te and its 3:5-dinitrobenzoate, 


and its 


Puanyfapdoaaien, 2-bromo- and 2-chloro-4-nitro-, 92. 
2:6-dibromo- and 2:6-dichloro-4-nitro-, 1813. 
Phenylhydrazines, nitro-, absorption spectra of, 1563. 
Phenylhydrazones, nitro-, action of titanous chloride 
on, 151. 
trans-y-Phenyl-a-1-hydroxyhydrindene-1-butyric acid, 
and its cis-lactones, 15. 
trans-B-Phenyl-a-1-hydroxyhydrindene-2-propionic 
acid, B-p-bromo-, and its derivatives, 16. 
2-Phenylindole, 3-oximino-, 1209. 
Phenylmethoxyacetic acid, r-o-nitro-, and its ethyl 
ester, 107. 
(—)Phenylmethoxyacetonitrile, 194. 
1-Phenylmethylaminobenzselenazole picrate, 1764. 
2-Phenyl-3-methylbenzopyranol 2-ethyl ether, 1164. 
ae *- ~ _ahemeeeeenncemer S-dioxide, 5-nitro-, 
1265 
1 ~ Yapticareemmenccrenenemen salts, 


RP Pe 
oxylic acid, ethyl ester, 424. 

so rears team ciremmnecs ad 
acid, 424 


Phenylmethylformamidine hydrochloride, 678. 
aa p-chloro-, nickel Aematire, 
23 
¢-Phenyl-3-methyl-A°Y-hexadiene, 433. 
¢-Phenyl-5-methyl-A%-hexen-8-ol, and its 3:5-dinitro- 
benzoate, 432. 
3-Phenyl-2-methyihydrindanone, 1160. 
1-Phenyl-2-methylindene, 1-hydroxy-, 1159. 
3-Phenyl-2-methylindene, 1 be ommng and 1-hydroxy-, 
acetyl derivative, 1160. 
2-Phenyl-1-methylindole, and 3-nitroso-, 1210. 
2-Phenyl-6-methylindole, and its picrate, 1210. 
2-Phenylmethylindoles, 3-oximino-, 1211. 
2-Phenylmethylindolenines, 3-oximino-, acetyl and 
benzoyl] derivatives, 1211. 
3-Phenyl-2-methyl-1:4-a-naphthapyrone, 870. 
10-Phenyl-2-methylphenoxarsine, and its salts, 1052. 


2-o-nitro-, 
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3-Phenylmethylphthalazones 
bromonitro-, 1137. 
3-Phenyl-4-methylphthalaz-l-one, 2’-amino-, and 4’- 
chloro-2’-amino-, and their acetyl derivatives, 
1808. 
4’-chloro-2’-nitro-, and 2’-nitro-, and their picrates, 
1807. 
8-Phenyl-a-methylpropionamide, 424. 
s-Phenylmethylselenourea, 1764. 
1-Phenyl-3-methyl-4:5-thionaphthenopyrazole, and 1- 
p-bromo-, and its dioxide, 472. 
2-Phenylnaphthapyranol 4-ethy! ether, 1164. 
N-Phenylnaphthastyril, 318. 
a-Phenyl-yy-(a-naphthyl)-n-butyrolactone, 
oxy-, 1370. 
8-Phenyl-8-naphthylselenourea, 1766. 
aci-Phenylnitromethane, and p-bromo-, 
ethers, 5, 6. 
4-(a-Phenylphenacyl)flavene, 1117. 
4-(a-Phenylphenacyl )flavylium ferrichloride, 1117. 
4-(a-Phenylphenacylidene)flavene, 1117. 
Phenylphenoxazine, 3-nitro-6-dinitro-, 1313. 
3-Phenylphthalaz-l-one, 2’-bromo-4’-amino-, and 2’- 
bromo-4’-nitro-, 1136. 
4’-chloro-2’-amino-, and its acetyl derivative, and 
4’-chloro-2’-nitro-, and 2’-nitro-, 1805. 
3-Phenylphthalaz-l-one-4-acetic acid, 2’-amino-, and 
4’-chloro-2’-amino-, lactams, 1807. 
N-Phenylphthalimidine, 2’-bromo-4’-amino-, 1136. 
f-Phenylpropaldehyde, preparation of, 432. 
B-Phenylpropaldehyde, af-dibromo-, waf-tribromo-, 
and waf-trichloro-, halogeno-, halogenonitro-, and 
nitro-phenylhydrazones, 91. 
a-Phenylpropane, (-+)8-amino-, (+)8-bromo-, (—)B- 
chloro-, (—)8-cyano-, and (—)8-thiocyano-, 1083. 
B-Phenylpropionic acid, ethyl ester, oxidation of, with 
selenium dioxide, 902. 
B-Phenylpropionic acid, d- and l-8-bromo-, 1-B- 
cyano-, ethyl esters, 1666. 
d-B8-Phenylpropionic acid, a-8-hydroxy-, ethyl ester, 
p-toluenesulphinic and p-toluenesulphony] esters of, 
Walden inversion with, 1663. 
p~y-Phenylpropoxybenzoic acid, 1834. 
y-Phenyl-n-propyl alcohol, preparation of, 433. 
(—)8-Phenylisopropyl disulphide, 1083. 
2-Phenyl-4-isopropylideneoxazolone, 534. 
(—)a-Phenyl-f-propylthiol, 1083. 
2(or 3)-Phenylpyrimidazine, 7-thiol-9-hydroxy-, 469. 
4-Phenylquinoline, and its picrate, 301. 
2-Phenyl-1-styrylthiazolinium iodide, 2-o-nitro-, 1264. 
Phenylsuccinic acid series, 157. 
Phenylsuccinic anhydride, condensation of, with 
veratrole in presence of aluminium chloride, 1414. 
Phenylthioncarbamic acid, and p-bromo-, methyl 
esters, 1760. 
Phenylthiourethane, p-iodo-, 1760. 
(+)Phenyl-p-tolylglycollic acid, and its ethyl ester, 154. 
Phenyltriethylsilicane, nitration of, 1088. 
Phenyltrimethylammonium iodide, p-hydroxy-, action 
of nitrie acid on, 116. 
iodide and nitrate, iodo-3-nitro-4-hydroxy-, 116. 
a-Phenyl-ayy-triphenylallene, a-p-chloro-, 991. 
2-Phenyl-3-triphenylmethylindole, 1210. 
a-Phenyl-ayy-triphenylpropy! alcohol, a-p-chloro-, 991. 
a-Phenyl-ayy-triphenyl-A*-propylene, a-p-chloro-, 991. 
a-Phenyl-y-veratrylbutyric acid, 1416. 
8-Phenyl-8-vinylpropionic acid, 1364. 
Phosphines, tertiary, additive compounds of, 1786. 
Phosphomolybdic acid, and its salts, structure of, 578. 
12-Phosphotungstic acid, and its salts, structure of, 
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bromoamino-, and 


y-hydr- 


methyl 


Photochemical reactions, free radicals and atoms in, 
1151. 
primary, 455, 1504, 1638. 
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Phthalic acid, methyl a-carbethoxyethy]l ester, 405. 
Phthalic anhydride, condensation of, with naphthal- 
ene, 1031. 
with s-octahydrophenanthrene, 1684. 
Phthalic anhydrides, Grignard reactions with, 1367. 
Phthalo-p-iert.-butylbenzylimide, 1848. 
Phthalocyanines, X-ray structure of, 615. 
Phthalo-y-phenylpropylimide, 1362. 
Phthalyl-2’-bromo-4’-nitrophenylhydrazide, 1813. 
Phthalyl-2’:6’-dibromo-4’-nitrophenylhydrazide, 1814. 
Phthalyl-2’-chloro-4’-nitrophenylhydrazide, 1813. 
Phthalyl-2’:6’-dichloro-4’-nitrophenylhydrazide, 1814. 
Phthalyl-4’-nitro-2’-methylphenylhydrazide, 1812. 
Phthalylnitrophenylhydrazides, 1811. 
Physostigmine. See Eserine. 
a-Picoline, reaction of benzyl bromides with, 519. 
Picrotic acid, constitution of, 997. 
Picrotin, constitution of, 997. 
Picrotoxin, 997. 
Picrotoxinin, constitution of, 997. 
ieee acid, and its sodium salt, 
Pimelanilido-pp’-diarsonic acid, and its disodium 
salt, 292. 
Pimelanilodimethylamide-p-arsonic acid, 
sodium salt, 291. 
Pimelaniloethylamide-p-arsonic acid, and its sodium 
salt, 291. 
eh es acid, and its salts, 


and its 


Pimelanilo-n-propylamide-p-arsonic acid, and _ its 
sodium salt, 292. 

Pimelic acid, dissociation constant of, 28. 
derivatives of, 290. 

8-Piperidinobutylamines, and their picrates, 1425. 

8-Piperidinodiethylamine, and its picrate, 1425. 

8-(8-Piperidinodiethylaminomethy] )quinoline tri- 
hydrobromide, 1426. 

4’-Piperidinodiphenylsulphone, 2:4:3’-trinitro-, 538. 

8-(8-Piperidinoethylbutylaminomethyl )quinolines, 
salts, 1426. 

8-Piperidinoethylmethylamine, and its picrate, 1425. 

8-(8-Piperidinoethylmethylaminomethyl)quinoline di- 
picrate, 1426. 

8-Piperidinoethylpropylamine, and its picrate, 1425. 

8-(8-Piperidinoethylpropylaminomethyl)quinoline tri- 
hydrobromide, 1426. 

8-Piperidinomethylquinoline, 5-nitro-, and its hydro- 
bromide, 1424. 

Piperidinomethylquinolines, and their picrates, 1144. 

(—)-8-Piperidino-a-phenylpropane, 1083. 

— acid, ethyl ester, and its picrate, 


Piperidyl-1-acetic-2-8-propionic acid, ethyl ester, 1744. 
Piperidyl-2-acetic-1-a-propionic acid, ethyl ester, 1744. 
dl-Piperitone, synthesis of, 1585. 

o-Piperonal, derivatives of, 725. 

o-Piperony] alcohol, 726. 

© fs tperenyiothylaminomethythomepigeronyionttrile, 


Piperonylpyruvic acid, 6-bromo-, oxime, 667. 
ee quadricovalent, configuration of, 459, 839, 
5. 
tervalent, possibility of, 1244. 
Platinum organic compounds :— 

Platinum dibenzoinoxime, 822. 

Plati- and plato-diammines, 1212. 
Platinodithio-oxalic acid, potassium salt, 1479. 
Podophyllotoxin, structure of, 1576. 

Polarisation, dielectric, 602, 604. 
=~ a ee formation in solution, 
molecular, in solution, in relation to dielectric 
constant of solvent, 773. 
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Polarisation, molecular orientation, of substances in 
liquid, dissolved, and gaseous states, 1747. 
Polycyclic compounds, substitution in, 1607. 
related to sterols, synthesis of, 644. 


Polymerisation, 1359. 

Polymorphism, 1860. 

Polysaccharides, 177, 1201, 1214, 1299. 

Polyterpenoid compounds, synthesis of, 500, 1637. 

Potassium hydroxide, compound of, with sucrose, 
648 


iodide, velocities of reaction of, with f-arylethyl 
chlorides, 1819. 
permanganate, reaction of, with oxalic acid, 1303. 
Praseodymium nitrate, solubility of, in water, 1430. 
magnesium nitrate, solubility of, 357. 
Propane, yyy-tribromo- and yyy yy-trichloro- -a-nitro-f- 
hydroxy-, and their acetyl derivatives, 1179. 
yyy-trichloro-a-amino-8-hydroxy-, and its salts 
and derivatives, 1623. 
cycloPropane-1:1-dicarboxylic acid, and its sodium 
salt, dissociation constants of, 1627. 
n-Propane-acf-tricarboxylic acid, B-bromo-, 
ester, 192. 
cycloPropane-1:1:2-tricarboxylic 
methy] esters, 193. 
Propyl, free, 380. 
isoPropyl carbonate, a-cyano-, 1060. 
o-Propylacetanilide, 307. 
p-Propylacetanilide, 2-nitro-, 308. 
tsoPropylacetone, nitroso-, photochemical decom- 
position of, 1679. 
bimolecular, kinetics of depolymerisation of, 


methyl 


acid, amide and 


30. 
2-Propylaniline, 4-nitro-, and its acetyl derivative, 
308. 

6-nitro-, and its acetyl derivative, 308. 
8-Propylaniline, and its acetyl derivative, 308. 
4-Propylaniline, 2-nitro-, 308. 
p-isoPropylbenzaldehyde, and 

hydrazone, 1848. 
5-n-Propyl-1:2-benzanthracene, and its picrate, 769. 
5-n-Propyl-1:2-benzanthraquinone, 770. 
Propylbenzene, p-nitro-, and its acetyl derivative, 

308 


its p-nitrophenyl- 


m=Propylbenzonitrile, 308. 

p-isoPropylbenzyl bromide, 1844. 

p-isoPropylbenzylidenebenzylamine, 1849. 

n=Propyldibromogold, 222. 

AF. Propylene-acf-tricarboxylic acid, methyl ester, 
reactions of, 188. 

4-isoPropylcyclohexan-1-one 

one, 152. 

m-Propylpropiophenone, and its semicarbazone, 308. 

p-n-Propylpropiophenone semicarbazone, 307. 

3-n-Propylresacetophenone, 632. 

2-Propylresorcinol, 631. 

n=Propyltri-n-amyltin, 41. 

n=Propylurea, yyy-trichloro-B-hydroxy-, 1623. 

ee X-ray study of hydration and denaturation 
of, 846. 

Protoactinium, at. wt. of, 794. 

Protoanemonin, 1145. 

— 

Protopine, a of derivatives of, and of allied 
alkaloids, 66: 

Prototropy, tents status of ionic intermediates in, 


2:4-dinitrophenyl- 


2:4-dinitrophenylhydrazone, 


in onan systems, 1156. 
Purine nucleosides, constitution of, 1376. 
Purine series, rearrangement of allyl ethers in, 1365. 
Pyridine, dielectric constant and density of, 776. 
reaction of benzyl bromides with, 519. 
Pyridinium ferrohalides, 115. 
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Pyridinium-1-acetic-2-8-propionic acid, ethyl ester, 
bromide, 1744 

Pyridinobromogold, 218. 

Pyridinodi-n-propylbromogold, 223. 

Pyridyl-2-acetic acid, ethyl ester, and its picrate, 1744. 

Pyridylnitropyrazole, 418. 

Te acid, ethyl ester, and its salts, 

1744. 

5-Pyridylpyrazole, 3:4-diamino-, 4-mono- and 3:4-di- 
nitro-, 4-nitro-3-amino-, -3-hydroxylamino-, and 
3-nitroso-, and their derivatives, 419. 

Pyrimidines, 1283. 

Pyrogallol, specificity of catalytic iron for action of, 
with hydrogen peroxide, 826. 

Pyrolysis, 400, 714, 1054, 1403. 


Quinidine, action of sulphuric acid on, 966. 
B-isoQuinidine, 970. 
Quinine, action of sulphuric acid on, 966. 
Quinol, 2-amino-, 4-benzoate, 198. 
Quinoline, molecular compounds of, with halogeno- 
methanes, 1720. 
derivatives, dipole moments and structure of, 1470. 
isoQuinoline, x-nitro-, structure of, 1470. 
m- and iso-Quinolines, dielectric constants and 
densities of, 776. 
Quinolinium ferrohalides, 115. 
Quinolone, 3-hydroxy-, preparation of, 1656. 
8-Quinolylmethyl alcohol, and 5-nitro-, 1424. 


Racemisation, 1218. 

Radicals, free, in photochemical processes, 1151. 
organic gaseous, 366, 372, 380. 

Radium, at. wt. of, 794. 

Ramalina scopulorum, constituents of, 1379. 

Ranunculus, protoanemonin from, 1145. 

Reactions, mechanism of, 1111. 

aromatic side-chain, in relation to polar effects of 
substituents, 519, 1840, 1844, 1847. 
elimination, influence of poles and polar linkings on, 
722, 1609. 
side-chain, effect of nuclear substituents on, 1167, 
1173, 1174. 
slow, kinetics of, 1393. 
Report of the Council, 541. 
Resins, natural, phenolic, constituents of, 633, 636, 
1576. 

Resorcinol benzoate, bromination of, 946. 

Resorcinol, 6-mono-, 4:6-di- and 2:4:6-tri-bromo-, 
derivatives of, and 4-bromo-6-nitro-, 3-methyl 
ether, 2:4-dibromo-6-nitro-, 3-benzoate, and 4:6- 
dibromo-2-nitro-, 947. 

4:6-dibromo-, 3-benzoate, nitration of, 946. 

Retronecic acid, 15. 

Retronecine, and its salts and derivatives, 13. 

Retrorsine, and its derivatives, 11. 

Rhenium from Australian molybdenite, 567. 

Rhodium bases :— 

Hydroxopentamminorhodium salts, 779. 
Rotenone, synthesis of, and its derivatives, 681, 993, 
1371. 


Ruthenium compounds, co-ordinated, 569. 


Salicylaldoximepalladous chloride, 461. 
Salicylidenediacetophenone, reactions of, 1118. 
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Salts, quaternary, formation of, 1840. 
Salt hydrates, kinetics of dissociation of, 321. 
a- and £-Santalols, 309. 
a- and £-Santalyl chlorides, 313. 
a-Santalylacetic acid, 313. 
a- and £-Santalylmalonic acids, and their ethyl esters, 
313. 
Selenazoles, unsaturation and tautomeric mobility 
of, 1762. 
Selenium, action of, on compounds containing angular 
methyl groups, 735. 
hydrogenation by means of, 1391. 
Selenium dioxide as an oxidising agent, 901. 
Selenium organic compounds, 554. 
Selenocyanic acid, (—)8-butyl ester, 1079. 
Senecio, alkaloids of, 11. 
Sesquiterpenes, syntheses of, 315. 
Silicomolybdic acid, and its salts, structure of, 579. 
Silicon hydrides, oxidation of, 1182. 
Silicon organic compounds, 1085, 1088. 
Silicotungstic acid, and its salts, structure of, 579. 
Silver oxide, constitution of, in ammonia and amines, 
796. 
Smokes, coagulation in, 268. 
Sodium, at. wt. of, 790. 
Sodium hydroxide, kinetics of action of, on bromo- 
ethanes, 1514. 
Sodium organic compounds :— 
Sodium m-4-xylyloxide, action of, with alkyl iodides 
in ethyl alcohol, 141. 
Solubility of non-electrolytes, 280, 952. 
Solutions, dielectric polarisation and molecular-com- 
ound formation in, 1709. 
relation between molecular orientation polarisation 
in, and in liquid and gaseous states, 1747. 
velocity of reaction in, 587, 1147. 
Solvents, action of, 229, 1038, 1043. 
d-Sorbose, crystal structure of, 980. 
d-Sparteine, 1054. 
Spectra, absorption, and residual affinity, 965. 
of polycyclic hydrocarbons, 509, 512. 
Stannous oxide. See under Tin. 
Starch, relation of amylose to, 1201. 
dextrins, constitution and chain-length of, 1214. 
maize. See Maize starch. 
Sterols, synthesis of compounds related to, 429, 445, 
1285, 1288, 1412, 1414, 1530, 1533, 1633. 
structure of hydrocarbons related to, 93. 
synthesis of polycyclic compounds related to, 443, 
644 


Sterol group, 1205, 1221. 

Stictic acid, and its derivatives, 1380. 

Stictinic acid, 1381. 

meso-Stilbenediamine, 843. 

meso-Stilbenediaminoisobutylened:aminoplatinous 
salts, resolution of, 839. 

Stilbenediaminoplatinum, dichloro-, 846. 

Strophanthidin, constitution of, 443. 

Strychnine, 935, 1291, 1685. 

3-Styryl-2:3-dihydro-1:4-8a-naphthapyrone, 868. 

2-Styryl-1:4-a-naphthapyrone, 870. 

3-Styryl-1:4-8a-naphthapyrone, 868. 

2-Styryl-3-phenyl-1:4-a-naphthapyrone, 870. 

Suberanilamide-p-arsonic acid, and its sodium salt, 292. 

Suberanilide-pp’-diarsonic acid, and its disodium salt, 


293. 

Suberanilodimethyiamide-p-arsonic acid, 
sodium salt, 293. 

Suberaniloethylamide-p-arsonic acid, and its sodium 
salt, 293. 

Suberanilomethylamide-p-arsonic acid, and its sodium 
salt, 293. 


Suberic acid, dissociation constant of, 28. 
derivatives of, 292. 


and its 
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Substance, C,,H.,O,, from condensation of acetyl- 
cyclohexene with 1-keto-2-methyl-1:2:3:4-tetra- 
hydronaphthalene, 1287. 

C,9H,,0, from a-hydrindene and 
naphthylmagnesium iodide, 771. 
Substitution and optical inversion in aliphatic com- 

pounds, 1525. 

in polycyclic compounds, 1607. 
at saturated carbon atoms, 236, 244, 255. 

Succinic acid, dissociation constant of, 28. 

Succinic acid, a-bromo-, ethyl ester, condensation of, 
with ethyl benzylmalonate, 423. 

Succinic anhydrides, reaction of Grignard reagents 
with, 1370. 

Succino-o-nitrobenzylimide, 1278. 

Sucrose, compound of, with potassium hydroxide, 
648. 


1-bromo-2- 


Sugars, crystalline structure of, 978, 1495. 
acetylated, 1022. 

Sulpharsphenamine. See Sulphosalvarsan. 

Sulphite liquors, constitution of lactone from, 636. 

Sulphonic acids, thiol-, esters, exchange of sulphony! 
groups in, 896. 

Sulphonium compounds, kinetics of degradation of, 
236. 

Sulphonylthioethanes, optically active, properties of, 
18 


Sulphosalvarsan (sulpharsphenamine), constitution of, 
805 


preparation of, 1745. 
Sulphur, kinetics of reaction of, with hydrogen, 58, 
351. 
with oxygen, 1767. 
Sulphuric acid in nitration, 785. 
Sulphurous acid, and its salts, oxidation of, to 
dithionates, 914. 
Dithionic acid, determination of, 923. 
Dithionates, formation of, by oxidation of sulphur- 
ous acid and sulphites, 914. 
Sulphur organic compounds, 530. 
Sulphurous acid, esters, pyrolysis of, 1054. 


T. 


Tartaric acid, dimethylene ester, rotation of, 1038. 
ethyl ester, effect of metacetaldehyde on rotation 
of, 904. 
Tautomerism and acidity, 1. 
and optical activity, 1778. 
ring-chain three-carbon prototropic, 188. 
three-carbon, 1735. 
Telfairia occidentalis, constituents of oil from, 1630. 
Tellurium organic compounds, 554. 
Terbium, at. wt. of, 772. 
B-Teresantalylpropionic acid, methyl ester, 314. 
Terpenes, chemistry of, 781. 
Terpene compounds, 476, 1127. 
2:3:4:6-Tetra-acetyl glucose, syntheses with, and its 
derivatives, 1022. 
2:3:4:6-Tetra-acetylglucosidyl nitrite, 1023. 
— B-methylglucoside, 
Tetra-n- and -dl-amyl-lead, 42. 
Tetra-n-amyltin, and its derivatives, 41. 
Tetra-n-butyltin, and its halides, 41. 
Tetra(ethylamino)platinous salts, mono- 
chloro-, 1250. 
Tetra(ethylamino)platinum bromide, bromo-, 1249. 
Tetra-n-heptyltin, 41. 
Tetra-n-hexyltin, 41. 
Tetrahydrobenzoic acids, 261. 
3:4:5:6-Tetrahydrobenzpyrimidazine, 
hydroxy-, 469. 


4-dichloro-, 


and di- 


11-thiol-13- 
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Tetrahydrocarvone, condensation of, with ethyl 
oxalate, 315. 

[-Tetrahydrocarvone 2:4-dinitrophenylhydrazone, 
316. 

3:4:3’:4’-Tetrahydro-1:1’-dinaphthyl, 1107. 

Tetrahydro-1:2:3:4-dicyclopentenoanthraquinone, 1107. 

aaa atelier 
1106. 

1:2:3:6-Tetrahydro-3:4:5:6-dicyclopentenophthalic 
anhydride, 1106. 

1:2:3:4-Tetrahydrodiphenylene oxide, 1133. 

1:2:3:4-Tetrahydro-6-naphthanilide, 80. 

1:2:3:4-Tetrahydro-6-naphthodiphenylamide, 80. 

£-Tetrahydro-1-naphthylethy! alcohol, 1531. 

Tetrahydro-a-santalylacetic acid, bromo-, 314. 

Tetrahydro-f-santalylacetic acid, and its phenacyl 
derivatives, 315. 

A*-Tetrahydroterephthalic acids, configuration of, 1373. 

A’-Tetrahydro-p-toluic acid, preparation of, 478. 

Tetrahydrotubaic acid, 1372. 

Tetrahydrotubaic aldehyde, and its derivatives, 1372. 

1:2:3:4-Tetrahydroxanthylium ferrichloride, 1118. 

1-(8-5’-Tetralylethyl )cyclohexanol, and its 3:5-dinitro- 
benzoate, 1636. 

1-(8-5’-Tetralylethyl)-A'-cyclohexene, 1636. 

4’:5':6:7-Tetramethoxybenzo-3:4-fluorene-1-carboxylic 
acid, and its methyl ester, 1579. 

5:6:13:14-Tetramethoxyhexahydrochrysene-a, 1414. 

2:3:11:12-Tetramethoxyoxyprotoberberine, synthesis 
of, and its iodide, 293. 

0-Tetramethylfisetinidin chloride, 751. 

1:3:4:5-Tetramethyl £-fructose, crystal structure of, 
1504. 

2:3:4:6-Tetramethyl a-galactose, crystal structure of, 
1503. 

Tetramethyl y-gluconolactone, rotatory dispersion of, 


2:3:4:6-Tetramethylglucopyranose, 653. 

2:3:4:6-Tetramethyl a-glucose, crystal structure of, 
1502. 

Tetramethyl a-methylaltroside, 1199. 

2:3:4:6-Tetramethyl  f-methylgalactoside, 
structure of, 1504. 

2:3:4:6-Tetramethyl 
structure of, 1503. 

O-Tetramethylpeltogynol, 749. 

Tetra-n-octyltin, 41. 

Tetra-8-phenylethyltin, 41. 

Tetraphenylsilicane, tetra-m-amino-, and its acetyl 
derivative. 1085. 

Tetraphenylsilicanes, tetranitro-, reduction of, 1085. 

Tetrapolymethylenoanthracenes, derivatives of, 1104. 

Tetra(propylamino)platinic chloride, dichloro-, 1249. 

Tetra(propylamino)platinous chloride, 1248. 

Tetraisopropyltetra-m-aminotetraphenylsilicane, 
its tetrahydrochloride, 1086. 

Thianthren disulphoxides, configurations of, 625. 

Thiocarbonyl tetrachloride, constitution and reactions 
of, 679. 

Thiocyanates, rearrangement of, into isothiocyanates, 
1361. 


crystal 


a-methylmannoside, crystal 


and 


Thiocyanic acid, (—)8-butyl and -octyl esters, 1078. 
cinnamyl and y-phenylpropy] esters, 1362. 

isoThiocyanic acid, cinnamy] ester, 1362. 

Thiophenylamine, 3-chloro-, 1264. 

Thio-ketones, aromatic, action of, with organic 
azides, 530. 

1-Thio-2-methyl-1:2-dihydrobenzselenazole, 1766. 

Thionaphthenopyrazoles, 471. 

Thiophenol, action of litharge on, 1133. 

Thiopyrimidazine derivatives, 467. 

Thiopyrones, dipole moments and structure of, 602. 

2-Thiouracil, 4:5-diamino-, 469. 

Thiovioluric acid, 468. 





Thujone 2:4-dinitrophenylhydrazone, 152. 
Thymol, dipole moment of, 480. 
Tin :— 


Stannous oxide, complex salts of, in aqueous sul- 
phuric acid solution, 1251. 
Tin organic compounds :-— 
Tin alkyls, physical properties of, 39. 

Titanium :— 

Titanous chloride, action of, on nitrophenylhydr- 
azones, 151. 

Tolan, structure of, 855. 

Toluene, action of aromatic aldehydes on, in presence 
of aluminium chloride, 72. 

ee 6-mono- and 4:6-di-bromo-, 

0. 

p-Tolueneazothioharbituric acid, 469. 

p-Toluenesulphinic acid, d-8-butyl ester, 1077. 

d-(-+-)-8-p-Toluenesulphinoxy-f-phenylpropionic acid, 
ethyl ester, 1666 

p-Toluenesulphonic acid, esters, Walden inversion 

with, 1072. 
d-B-butyl ester, 1077. 
p-Toluenesulphon-naphthalides, bromo-, bromonitro-, 
iodo- and nitro-derivatives, 1594. 

2-p-Toluenesulphon-1:2-naphthylenediamine, 3- 
bromo-, 1595. 

p-Toluenesulphon-p-toluidide, 2-iodo-, 1596. 

ee 4:6-benzylidene a-methylglucos- 
ide, b 

3-p-Toluenesulphonyl 4:6-benzylidene 2-methyl a- 
methylaltroside, 1197. 

4-p-Toluenesulphonyl-2:3-dibenzoyl-6-trityl-a-methyl- 
glucoside, 688. 

a ee 

is 

p-Toluenesulphonylnitromethane, 
methyl ester, 8. 

4-p-Toluenesulphonyl-6-trityl-2:3-dimethyl-a-methyl 
glucoside, 687. 

p-Toluenethiosulphonic acid, benzyl and pheny] esters, 
898. 

m-Toluic acid, 2:4:6-iribromo-, and its derivatives, 71. 
2:4:6-tribromo-w-3-bromo-, and its attempted 

resolution, 68. 

p-Toluic acid, 2-chloro-3:5-dinitro-w-4-chloro-, and its 
attempted resolution, 68. 

m-Toluidine, 6-mono- and 4:6-di-bromo-, 1619. 

(—)B-p-Toluidine-a-phenylpropane, 1083. 

2-p-Toluoyl-3:6-dimethylnaphthacene, 79. 

SS 
ene, 82. 

ey eects errr 
ene, 82. 

B-o-Toluoylethane-aa-dicarboxylic acid, ethyl ester, 
and its 2:4-dinitrophenylhydrazone, 1000. 

m-Tolyl methyl ethers, 4:6-dibromo-, and bromonitro-, 
1423. 

w-p-Tolylacetophenone, w-nitro-w-p-thio-, 9. 

p-Tolylarsonic acid, 3-nitro-, conversion of, into 3- 
amino-4-carboxyphenylarsonic acid, 470. 

Tolylazoacetoacetic acids, mono- and di-bromonitro-, 
and nitro-, ethyl esters, 118. 

Tolylazo-y-mono- and yy-di-bromoacetoacetic acids, 
mono- and di-bromonitro- and nitro-, ethyl esters, 
118. 

y-0-Tolyl-n-butyric acid, 1000. 

p-Tolylhydrobalata, dihydroxy-, and its p-nitrobenzo- 
ate, 1243. 

y- and (—)-p-Tolylmethylglycollic acids, 154. 

S-p-Tolyloxytrichloromethylthiol, 681. 

p-Tolylthiocarbimide, 2-bromo-, 1759. 

p-Tolylthioncarbamic acid, methyl ester, 1758. 

p-Tolylthiourethane, bromo-derivatives, 1759. 

m-Tolylurea, 6-mono- and 4:6-di-bromo-, 1620. 


and its nitronic 
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apoToxicarol, constitution of, 681. 

3:6:9-Triacetylcarbazole, 742. 

Tri-n-amylphosphine oxide, 1557. 

Triarylpyrylium borofiuorides, 1389. 

Tribromogold. See under Gold. 

Trideuteroacetic deuteracid, 492. 

Triethylamine, 88’’’-trichloro-, 1217. 

Triethylcarbinylbenzene. See tert.-Heptylbenzene. 

8-3:4:5-Trimethoxybenzoyl-a-(3’:4’-methylenedioxy- 
benzylidene)-8-methylenepropionic acid, 1580. 

8-(3:4:5-Trimethoxybenzoyl )-a-3’:4’-methylenedioxy- 
benzylidenepropionic acid, and its y-lactone, 1580. 

8-(3:4:5-Trimethoxybenzoyl)propionic acid, 1580. 

5:7:8’-Trimethoxychromeno-(3’:4’-2:3)-chromone, 996. 

2:4:5-Trimethoxyphenylacetonitrile, 1373. 

2:4:5-Trimethoxyphenylpyruvic acid, 1373. 

2:4:6-Tri-p-methoxyphenylpyrylium borofluoride, 1390. 

Trimethylallylarsonium iodide, 399. 

4(5)-8-Trimethylaminoethylglyoxaline, salts, 491. 

—— arabonamide, rotatory dispersion of, 
1 a 

2:3:5-Trimethyl y-arabonolactone, crystal structure 
of, 1504. 

Trimethylarsine, 399. 

O-Trimethylcyanomaclurin, and its acetyl derivative, 
754 


Trimethyleneglycol bis-p-bromopheny] ethers, 1835. 

1:3:4-Trimethyl fructose, crystal structure of, 1503. 

Trimethyl glucosazone, 1402. 

2:3:6-Trimethyl a-glucose, crystal structure of, 1502. 

— B-methylglucosides, crystal structure of, 
1503. 

¢-(2:2:6-Trimethyl-A°-cyclohexenyl)-5-methyl-AY*-hexa- 
diene-a-carboxylic acid, 8-hydroxy-, ethyl ester, 586. 

e-(2:2:6-Trimethyl-A°-cyclohexenyl )~y-methyl-A*3. 
pentadien-a-ol, 586. 

e-(2:2:6-Trimethyl-A°-cyclohexenyl)-y-methylpent-d- 
en-a-yn-y-ol, 586. 

OF ena Pn ome brom- 
ide, 585. 

2:3:5-Trimethyl y-lyxonolactone, crystal structure of, 
1504. 

2:3:4-Trimethyl a-lyxose, crystal structure of, 1502. 

Trimethyl methylarabinosides, crystal structure of, 
1503. 

2:3:4-Trimethyl a-methylmannuronide, and its methyl 
ester, 518. 

O0-Trimethylpeltogynic acid, 751. 

O-Trimethylpeltogynol, 749. 

2:2:5-Trimethylcyclopentanone-5-glyoxylic acid, ethyl 
ester, 454. 

1:9:3’-Trimethyl-1:2-cyclopentano-1:2:3:4-tetrahydro- 
phenanthrene, 444. 

2:10:10-Trimethylphenoxarsonium salts, 1052. 

Trimethyl-3-phenyl-n-butylammonium-yy-dicarboxylic 
acid, ethyl ester, salts of, 723. 

Trimethylsucrose pentaacetate, 651. 

2:3:4-Trimethyl 5-xylonolactone, crystal structure of, 
1504. 

2:3:4-Trimethyl a-xylose, crystal structure of, 1504. 

ayy-Triphenyl-n-butyrolactone, y-hydroxy-, 1370. 

2:2:4-Triphenylchroman, 1120. 

Triphenylethylsilicane, nitration of, 1088. 

Triphenylguanidine, preparation of, 680. 

ee ee alcohol, 
l a . 


Triphenylmethane, parachor of, 207. 

Triphenylmethyl 8-chloroethyl ether, 140. 

2:4:6-Triphenylpyrylium borofluoride, 1390. 

Triphenylsilicol, tri-m-amino-, and its  trihydro- 
chloride, 1087. 

1:2:4-Tripropylbenzene, 307. 

Tri-n-propyl-n-butyltin, 41. 

Tris-8-phenylethyltrimethylenetriamine, 865. 
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2:3:4-Tri-p-toluenesulphonyl f-methylglucoside, and 
its 6-dichloroacetyl derivative, 1181. 
Tri-p-tolylguanidine, preparation of, 680. 
Trypanocidal activity and constitution, 155. 
Tubocurarine, and its derivatives, 1381. 
Tungsten : — 
Metatungstic acid, and its salts, structure of, 580. 


U. 


Ulex europaeus, alkaloids of, 10. 
— acid, addition of hydrogen bromide to, 
572. 


os memes acid, addition of hydrobromic acid to, 
8. 


i acid, addition of hydrogen bromide to, 

57. 

Unicellular chemistry, 201. 

Unsaturated compounds, reactions of, 1279. 
conjugated, addition to, 717. 


V. 


oem. photochemical decomposition of, 

504. 

isoValeric acid, /-a-amino-, acetyl derivative, ethyl 
ester, 415. 

Valine, configuration of, 410. 

i-Valinol, preparation of, and its derivatives, 413. 

d- and /-Valinols, and their derivatives, 414. 

Vanillin 2:4-dinitrophenylhydrazone, 152. 

isoVanillin, 2:6-dinitro-, ammonium salt, 818. 

Vapours, dipole moments of, 971. 

Vasicine, constitution of, 1277. 

Velocity of reaction in solution, 587, 1147. 
slow, and entropy changes, 1393. 

Veratraldehyde 2:4-dinitrophenylhydrazone, 152. 

Veratridine, constitution of, 122. 

Veratrine alkaloids, 122. 

Veratrole, condensation of, with phenylsuccinic 
anhydride, in presence of aluminium chloride, 1414. 

B-Veratroyl-a-phenylpropionic acid, and its methy| 
ester, and nitro-, 1415. 

Vinylacetic acid, isotopic interchange of, in presence 
of deuterium oxide, 1742. 

Vinylacrylic acid, y-hydroxy-, lactone, 1145. 

—_ acid, reduction of, and its ethyl ester, 

Vinyl groups, detection of, 1294. 

Viscosimetry, use of the logarithmic head correction 
in, 1793. 

Vitamin-A, synthesis of, 584. 


W. 
Walden inversion, 1525. 
Water, association of, with deuterium oxide in 
dioxan solutions, 822. 
heavy. See Deuterium oxide. 
Wolffram’s salt, nature of, 1244. 


x. 


Xanthines, methylated, potentiometric determination 
of dissociation constants of, 1376. 

B-Xylidinocrotonoxylidides, 113. 

l-Xylose, preparation of, 425. 


Yeast, growth of, 202. 
Z. 


Zine oxide, heat of adsorption of gases on, and on 
its mixtures with chromium sesquioxide, 1487. 





FORMULA INDEX. 


TuE following index of organic compounds of known empirical formula is arranged according to Richter’s 
system (see Lexikon der Kohlenstoff-Verbindungen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 
5 IV indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) present in the 


molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 


C, Group. 
CH, Methyl, free, reactions of, 366. 
CH, Methane, ignition of mixtures of, with air at reduced pressures, 1426. 
CO Carbon monoxide, catalytic combustion of, 32; catalytic effect of hydrogen on flames of, 144; 
explosions of mixtures of, with oxygen, 160, 165. 
CN Cyanogen, physical properties of, 1001; electric moment of, 855. 
CCl, Carbon tetrachloride, molecular refraction and polarisation of, 728. 


il 


CHN Hydrocyanic acid, studies on, 674; auric and cupric salts, complex anions of, 100. 
CH,O Formaldehyde, liquid, preparation of, 338; vapour pressure of, 506. 

CH,N, Diazomethane, preparation of, 286. 

CH,O Methyl alcohol, reaction of, with hydrogen chloride, 596. 

CH;N Methylamine, photochemical decomposition of, 1612; thermal decomposition of, 929. 
COS Carbony] sulphide, kinetics of reaction of, with water, 1033. 

CC1,8 Thiocarbonyl tetrachloride, constitution and reactions of, 679. 


1m 


CH,O.N Nitromethane, condensation of, with halogeno-aldehydes, 1178. 
CH,0,Se Methylselenonic acid, 904. 


C, Group. 
C.H, Ethylene, vibration frequency of, 885; equilibrium of hydrogenation of, to ethane, 876; reactions 
of, with deuterium and with hydrogen at nickel surfaces, 1701. 


C.H; Ethyl, free, reactions of, 366. 
C.H, Ethane, equilibrium of formation of, from ethylene, 876; vibration frequency of, 885. 


21 


C.H.O Keten, Friedel-Crafts reaction with, 1873. 
C.H,0O, Oxalic acid, reaction of, with potassium permanganate, 1303; manganese salt, dihydrate, dis- 
sociation of, 321. 
C.H,N, Iminoformylcarbylamine, reactions of, 674. 
Acetyl peroxide, decomposition of, 207. 
Acetic acid, esterification of, 1590; potassium salt, densities of aqueous solutions of, 626. 
Bisdimethylantimony, 371. 
Ethylamine, photochemical decomposition of, 1612. 
Trideuteracetic deuteracid, 494. 
2m 


C.HO,Cl, Trichloroacetic acid, and its hydrate, cryoscopy of, in benzene and in dioxan, 1432; esterification 
of, 


2 IV 


C.H,,N.Cl,Pt Di(methylamino) platinous chlorides, 1213. 

C,H, ,N.C1,Pt Di(methylamino) platinic chlorides, 1213. 

C,.H,,.N.Br,Pt Di(methylamino) platinous bromide, 1213. 
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C, Group. 


C,H,O Acraldehyde, spectrum, fluorescence, and photochemical decomposition of, 1452; kinetics of 
thermal decomposition of, 1443. 
C,H,O, Malonic acid, complex metallic salts, 168; complex formation between heavy-metal and sodium 
salts of, 1728. 
3 IV 


C;H,0,NCl, yyy-Trichloro-a-nitro-8-hydroxypropane, 1179. 
C,H,O,NBr, yyy-Tribromo-a-nitro-8-hydroxypropane, 1179. 
C,H,ONC!, yyy-Trichloro-a-amino-8-hydroxypropane, and its salts, 1623. 


C, Group. 


C,H,O, Keten, dimeric, constitution of, 1751. 
C,H,O, Acetylmethylcarbinol, rotatory dispersion of, 704. 
isoButyric acid, specific heats of aqueous mixtures of, 1166. 
C,H,Cl fert.-Butylehlo loride, hydrolysis of, 255. 
C,H,,.S (—)8-Butylthiol, 1078. 
C,H,,N, isoButylenediamine, 842. 
4 


C.H00.8 (+)B- Butanesulphonic acid, 1078. 
C,H,,0,Sb Diethylantimonic acid, 371. 
4Iv 


C,H,0,8,Ni Nickelodithio-oxalic acid, potassium salt, 1479. 
C,H,0,8,Pd Palladodithio-oxalic acid, potassium salt, 1479. 

CONS Platinodithio-oxalic acid, potassium salt, 1479. 

Thiovioluric acid, 468. 
c:HOH, 4: 5-Diamino-2-thiouracil, 469. 
N.C, yyy-Trichloro-y-hydroxy-n-propylurea, 1623. 

Cc TOkbe y-Bromo-a-aminobutyric acid hydrobromide, 766. 
C.H,,NS.Br Methylthioformaldin hydrobromide, 866. 
C,H,,N.Br,Pt 8-Di(ethylamino)platinous bromide, 1213. 
C,H,,0,N,Pt Di(ethylamino)platinous hydroxide, salts of, 1213. 


4V 
C,H,,0,N.S.Pd Bis(dimethylsulphide)palladium dinitrite, 1559. 


C, Group. 


C,;H,O, Protoanemonin, 1145. 
C;H,.N (-++-)8-Butyl cyanide, 1080. 
C,H,,0 isoValeraldehyde, photochemical decomposition of, 1504. 
C;H,,0, J-Xylose, preparation of, 425. 
sH,,As Dimethylallylarsine, 398. 
5 


— B-Hydroxy-a-methylisobutylamines, and their hydrochlorides, 416. 
Oo Glutaryl chloride, structure of, 856. 
CON Methyl a-cyanoethyl carbonate, 1060. 
C;H.N.Cl 4(5)-Chloroethylglyoxaline, hydrochloride of, 491. 
C;H,ON, 4(5)-8-Hydroxyethylglyoxaline, and its picrate, 490. 
C,;H,OC] (-+)Methylethylacetyl chloride, 1080. 
C,H,0,Cl d-8-Butyl chloroformate, 1079. 
Methyl] a-chloroisobutyrate, 1059. 
C;H,O,N Ethyl nitroacetate nitronic ester, 7. 
C,H,NS (-+)f-Butyl thiocyanate, 1078. 
C;H,NSe (—)f-Butyl selenocyanate, 1079. 
C;H,,ON (-+)Acetomethylethylamide, 1080. 
C,H,,0,.N Valine, configuration of, 410. 
C;H,,BrHg dl-Amylmercuric bromide, 40. 
sH,,IHg n-Amylmercuric iodide, 40 
C;H,.0,N, Canavanine, 763. 
C;H,,ON d- and /-Valinols, and their salts, 414. 
C,H,,NBr, a-Bromomethylisobutylamine hydrobromide, 414. 


5 IV 


C,H,O.NS 4-Methylthiazole-5-carboxylic acid, 1031. 
C;H;NBrAu  Pyridinobromogold, 218. 

C,;H,O,NCl, yyy-Trichloro-a-nitro-B-acetoxypropane, 1179. 
O,NBr, yyy-Tribromo-a-nitro-8-acetoxy propane, 1179. 
C,H,ONCI, yyy-Trichloro-a-acetamido-B-hydroxypropane, 1623. 
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C;H,ON.S 4(5)-8-Hydroxyethyl-2-thiolglyoxaline, 490. 
C;H,O,NCl, yy5-Trichloro-a-nitro-8-hydroxypentane, 1179. 
C;H,,ONC], yy5-Trichloro-a-amino-8-hydroxy-n-pentane, and its salts, 1624. 
13C1,AsHg Dimethyl-n-propylarsine mercurichloride, 398. 
Methyldiethylarsine sepeunichineidn, 398. 
C.H,,Cl,AsHg, Dimethyl-n-propylarsine dimercurichloride, 397. 
Methyldiethylarsine dimercurichloride, 398. 


C, Group. 


C,H, Benzene, molecular refraction and polarisation of, 728; action of aromatic aldehydes on, in presence 
of aluminium chloride, 72; compounds of, with 2:4-dinitro-2’-methyldiphenyl-6-carboxylic acid, 1858. 


6 


C,H,O, Pyrogallol, action of, with hydrogen peroxide, catalysed by iron, 826. 

C,H,O, Dimethylene tartrate, rotation of, 1038. 

C,H,N Aniline, dielectric constant and density of, 776; surface tension and poate vapour pressure of 
aqueous solutions of, 776; velocity of reactions of, with 1-bromo- and 1-chloro-nitrobenzenes, 1411 ; 
addition of, to olefines, 1279. 

C,H,O, Citric acid, anhydrous, crystallography of, 130. 

C,H,.0; 5-Methyl y-arabonolactone, 653. 

C,H,oN, 4:5-Diamino-6-ethylpyrimidine, 1284. 

C,H,,N, 4(5)-8-Methylaminoethylglyoxaline, salts of, 491. 

C,H,,0 Methyl n-butyl ketone, photolysis of, 1638. 

C,H,.0, Glucose, transformation of, into galactose and gulose, 685. 

C.H,,0, Metacetaldehyde, preparation of, and its effect on rotation of ethyl tartrate, 904. 

C,H,,0 (—)Ethyl f-butyl ether, 1079. om 


C,H,O,N Nitrobenzene, electrical polarisation of concentrated solutions of, 609; polarisation of, in various 
solvents, 504. 
a-o-Nitroaniline, transformation of, into the B-form, 1860. 
2-Chloro-4!-cyclopentenecarboxylic acid, 1540. 
5-Nitro-6-ethyluracil, 1284. 
4:6-Dibromo-m-tolyl methyl ether, 1423. 
Nitrosoisopropylacetone, photochemical decomposition of, 1679. 
C,H,O,N; qitvguns iad aledbenpieniie, 193. 
C,H,O,N Methyl nitromalonate nitronic ester, 8. 
C.H.N,Cl 2-Chloro-4:5-diamino-6-ethylpyrimidine, 1284. 


Colts isoNitrosocyclohexanone nitrite, 1273. 
3 


C,H, .N B§’B’-Trichlorotriethylamine, 1217. 
C,H,,Br,Au, -Propyldibromogold, 222. 
C,H,,Br.Sn Di-n-propyltin dibromide, 41. 
C,H,,IAs Trimethylallylarsonium iodide, 399. 
C,H,,8,.Pd Palladium di-n-propylmercaptide, 1561. 


6 IV 
C,H;0.N,Cl, 2:4-Dichloro-5-nitro-6-ethylpyrimidine, 1284. 
2:6-Dichloro-4-nitrophenylhydrazine, 1814. 
C,H,0.N,Br, 2:6-Dibromo-4-nitrophenylhydrazine, 1814. 
C,H,O.N,Cl 2-Chloro-4-nitrophenylhydrazine, 92. 
C,H,O.N,Br 2-Bromo-4-nitrophenylhydrazine, 92. 
C,H,O.NS Methyl 4-methylthiazole-5-carboxylate, 1031. 
C,H,0.N.Cl 4-Chloro-1:3-dimethyluracil, 956. 
C,H,0.N,C1 2-Chloro-5-nitro-4-amino-6-ethylpyrimidine, 1284. 
6-Ethyl-2-thiouracil, 1284. 
3 vyo-Trichloro-B-hydroxy-n-amylurea, 1624. 
LNSHg n-Amylmercuric thiocyanate, 40 
C.H,,0,N.Pb Di-n-propyl-lead dinitrate, 43. 
C.H,,C1,8,Pd Bis(methylethylsulphide)palladium dichloride, 1558. 
C,H,,C1,As,Pd Bis(trimethylarsine)palladium dichloride, 1560. 


C, Group. 


C,H, Benzyl, free, preparation of, 381. 
C,H, Toluene, action of aromatic aldehydes on, in presence of aluminium chloride, 72. 


70 


C.H,Br Benzyl bromide, rate of reaction of, with nitrobenzylamine and its derivatives, 16; effect of 
substituents on reactions of, with a-picoline and — 519. 
C,H,O, Methyl dihydrogen cyclopropane-1:1:2-tricarboxylate, 193. 
C,H,,0, 1-Methyl-4?-cyclopentene-l-carboxylic acid, 1536. 
C,H,,0, Keto-acid, from oxidation of dehydronorcaryophyllenic acid, 533. 
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C.H,,0, Dimethyl methylenetartrate, 1043. 
1-Methy]-4?-cyclopentenylmethy] chloride, 1536. 
1-Methyl-4?-cyclopentenyl-1-carbinol, 1536. 
n-Butyl acrylate, 404. 

B-Methoxyethyl a-methylacrylate, 715. 
Methyl a-acetoxyisobutyrate, 715. 
a-Methylmannuronide, and its potassium salt, 518. 
7H,,N, 4(5)-8-Dimethylaminoethylglyoxaline, and its salts, 491. 
4(5)-B-Ethylaminoethylglyoxaline, salts of, 491. 
C,H,,0 Di-n-propylketone, photochemical decomposition of, 1504. 
C,H,,0, a-Methylaltroside, 1199. 
4-Methylglucose, constitution of, 874. 
a-Methylguloside, 689. 
C,H,,I tert.-Heptyl iodide, 1282. 
C-H,,0, Ethyl orthoformate, parachor of, 207. 


7 


C,H,0,I 2-Iodo-3-hydroxybenzoic acid, 857. 

C;H,N.Se 1-Aminobenzselenazole, 1764. 

C,H,CIF Fluorobenzyl chlorides, 1817. 

C,H,0O,N 2-Nitrosomethoxyphenol, metallic salts, 1617. 
C,H,O,N, a-Cyanoethyl carbonate, 1059. 

C;H,O,N 2’:4’-Dinitro-2-amino-4-methoxydiphenyl ether, 198. 


7 IV 


C,H,OCLS 2-Chlorophenoxytrichloromethylthiol, 681. 
C,H,ONSe AL ete Sha renee 1765. 
C,H,OCI1,S S-Phenoxytrichloromethylthiol, 681. 
C,H,O,NBr, 2:4-Dibromo-6-nitroresorcinol 3-methyl ether, 947. 
C,H;0,N,Br 2:4-Dinitrobenzyl bromide, 1843. 

> 1-Thiolbenzselenazole, 1765. 
C,H,O,NCl 3-Chloro-2-nitroso-5-methoxyphenol, metallic salts, 1617. 
C,H,O,NBr 4-Bromo-3-nitroanisole, 947. 

4-Bromo-6-nitro-m-cresol, 1423. 
C,H,O,NBr 4-Bromo-6-nitroresorcinol 3-methyl ether, 947. 
C,H,ON,Cl 2-Chloro-6-methoxy-7-methylpurine, 957. 
C,H,O,NAs 3-Amino-4-carboxyphenylarsonic acid, 471. 
C,H,O;N,S 3-Nitroanilino-N-methylenesulphurous acid, sodium salt, 811. 
C,H,O,N.S Nitro-2-hydroxyanilino-N-methylenesulphurous acids, sodium salts, 809. 
C,H,,0,NCl, yyy-Trichloro-a-acetamido-f-acetoxypropane, 1623. 
C,H,,0,NCl, yyd-Trichloro-a-nitro-B-acetoxypentane, 1179. 

O,NSe Substance, from selenium dioxide and aniline, 904. 

C,H,,0,NCl, yyd-Trichloro-a-acetamido-8-hydroxy-n-pentane, 1624. 
C,H,,ONI f8-Ethoxyethyltrimethylammonium iodide, 723. 


7V 


C,H,ONCIS 5-Chloro-l-hydroxybenzthiazole, 1760. 
C,H,ONIS 5-Iodo-l-hydroxybenzthiazole, 1760. 
C,H,O,NCIPd Salicylaldoximepalladous chloride, 461. 


C, Group. 


C,H, cis- and trans-bicycloOctanes, 442. 
80 


C,H,N, 3:4-Diamino-5-pyridylpyrazole, 420. 

C,;H,0, 1r-Mandelic acid, resolution of, with (—) ephedrine, 1544. 
o-Piperonyl alcohol, 726. 

C,H,O, (—)o-Hydroxymandelic acid, 111. 

C,H,O, /-Diacetyltartaric anhydride, 846. 

C,H,Cl, 8-p-Chlorophenylethyl! chloride, 1820. 

C,H,,0, cycloPentanone-2-8-propionolactone, 1543. 

C,H,,0, 4?-Tetrahydroterephthalic acids, configuration of, 1373. 

C,H,,0 d-trans-B-0:3:3-bicycloOctanone, 1071. 

C,H,,0, cycloPentanol-2-8-propionic acid lactone, 1543. 

C,H,,0, 2:2-Dimethyleyclopentan-l-one-4-carboxylic acid, 1128. 
cycloPentanone-2-8-propionic acid, 983. 

C,H,,0, Dehydronorcaryophyllenic acid, 533. 

C,H,,Br 8-4}-cycloHexenylethyl bromide, 501. 

C,H,,0 §8-Dimethylcyclohexanone, supposed isolation of second form of, 1063. 
B-41-cycloHexenylethyl alcohol, 501. 
B-cycloPentylpropionic acid, 984. 

C,H,,0, 4:6-Dimethyl 5-mannonolactone, 1016. P 
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C.H,,.0, 3:6-Dimethyl glucose, 175. 
4:6-Dimethyl mannose, 1015. 
Methy] a-methylaltrosides, 1198. 

C.H,.N; 4(5)-8-Trimethylaminoethylglyoxaline, salts of, 491. 

C,H,,0 (—)8-Butyl n-butyl ether, 1079. 
C,H,.8 (—)B-Octylthiol, 1081. 
(—)B-Butyl] disulphide, 1078. 
Methyl ethyl erate bisethylmercaptol, 1557. 
C,H, Se, (-+)8-Butyl diselenide, 1079. 
C;H..Sb Bisdiethylantimony, 371. 








8 I 


C,H,O,Br, 2:4:6-Tribromo-w-3-bromotoluic acid, 71. 

C,H,NBr, 2:4:6-Tribromo-m-toluonitrile, 70. 
C,H,0.Br, 2:4:6-Tribromo-m-toluic acid, 71. 

;0,N; 3: 4-Dinitro-5- -pyridy! yrazole, and its hydrochloride, 419. 

C,H,N 2-Chloro-w-4- Loukehtoninetin 70. 
C,H,O.N, Substance, from N-nitrosophenylglycine and acetic anhydride, 899. 
C,H,O.N, 4-Nitro-5-pyridylpyrazole, 419. 
C,H,0,Br, 2:3-Dibromo-5:6-methylenedioxybenzy] alcohol, 725. 
















C,H,0,.N, 4-Nitro-3-amino-5- pyridylpyrazole, and its salts, 419. 
C,H,O,N N-Hydroxydioxindoles, optically active, 110. 
C,H,O,N, 4-Nitro-3-hydroxylamino-5-pyridylpyrazole, 419. 
C,H,O;,N (-+-)- and (—)-o-Nitromandelic acids, 108. 
2 4:6-Dibromoresorcinol dimethyl ether, 948. 
C,H,N.Se 1-Imino-2-methyl-1:2-dihydrobenzselenazole, 1764. 
1-Methylaminobenzselenazole, 1764. 

C,H,CIBr §-p-Bromophenylethyl chloride, 1820. 
C,H,CII f-p-Iodophenylethyl chloride, 1820. 

C,H,CIF £-p-Fluorophenylethyl chloride, 1821. 
C,H,OC] £8-p-Chlorophenylethyl alcohol, 1820. 
C,H,OI £-p-Iodophenylethyl alcohol, 1820. 
C,H,ONa Sodium m-4-xylyloxide, action of, with alkyl iodides in ethy] alcohol, 141. 
C.H,O.N aci-Phenylnitromethane methyl ether, 6. 
C,H,O,N_ r- and (+-)-o-Aminomandelic acids, 107. 
Or 2N, 2:6-Dimethoxy-7-methylpurine, 957. 

2e s-Phenylmethylselenourea, 1764. 

CHOC! Ethyl 2-chloro-4!-cyclopentene-1l-carboxylate, 1540. 
C,H,,N.Cl Phenylmethylformamidine hydrochloride, 678. 
C.H,,0,.Br, 1:2-Dibromo-3-methylcyclohexanecarboxylic acid, 264. 
C;H,,ON, 1-Acetylcyclopentene semicarbazone, 1288. 
C,H,,;0Cl cycloPentanepropiony] chloride, 1069. 
C,H,,0.N Retronecine, and its salts, 13. 
Getta .Br Bromo-3-methylcyclohexanecarboxylic acids, 266. 

Colts ON N-Acetyl-a-acetoxyisobutyramide, 716. 

C,H,,N,Au, Di-n-propyldicyanodigold, 1030. 
C.H,;0.N, dl-1-Methylcyclohexan-1l-ol-2-one semicarbazone, 1272. 
C,H,,ON £-Nitroso-fe-dimethylhexane, photochemical decomposition of, 1679. 
C.H,,0,N 4:6-Dimethylmannonamide, 1016. 
Geel Ans Ethylenediaminodiethylgold aurocyanide, 1029. 

Di-n-butyl-lead dichloride, 41. 

CH Mercury di-n-butylmercaptide, 1562. 

C,H,,8,Pd Palladium di-n-butylmercaptide, 1561. 


8 IV 






















oO Nel Thioltrihydroxybispyrimidazine, 469. 
HON ,Cl, 2-Chloro-3:5-dinitro-w-4-chlorotoluic acid, 70. 

CHG Cl, 2:3:4:5-Tetrachloroacetanilide, 1006. 

C,H,ONBr, 3:4:5:6-Tetrabromoacetanilide, 1006. 
C,H,ONBr, 2:4:6-Tribromo-m-toluonitrile, 70. 
C.H,0,N.S 5-Nitro-1-keto-2-methyl-1:2-dihydrobenzthiazole, 1761. 
CoHO.N,S 5-Nitro-1-nitrosoimino-2- monthet 33 2-dihydrobenzthiazole, 1761. 

2-Bromo-p-tolylthiocarbimide, 1759. 
C HONS 1-Hydroxy-5-methylbenzthiazole, and its salts, 1758. 
1-Methoxybenzthiazole, 1760. 

C,H,ONSe 1-Keto-2-methyl-1:2-dihydrobenzselenazole, 1765. 
roy 1-Nitrosoimino-2-methyl-1:2-dih a 1764. 

C,H,OC1,8 S-p-Tolyloxytrichloromethylthiol, 681 
C,H,NSSe 1-Thio-2-methyl-1:2- dihydrobenzselenazole, 1766. 
C,H,ON,Br, 4:6-Dibromo-m-tolylurea, 1620. 
C.H,0. aci-p-Bromophenylnitromethane methyl ether, 5 
C,H,0. Bromonitro-m-tolyl methyl ethers, 1423. 
C,H,O Methyl phenyithioncarbamate, 1760. 
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8 IV—9 III Formula Index. 


C,H,ON.Br 6-Bromo-m-tolylurea, 1620. 

C,H,O,NS p-Toluenesulphonylnitromethane, 8. 

C,H,,ONBr 4-Bromo-5-methoxytoluidines, 1423. 

C,H,,0,N.S, 3-Nitroanilino-N N-dimethylenesulphurous acid, disodium salt, 811. 
Nitro-2-hydroxyanilino-N N-dimethylenesulphurous acids, sodium salts, 309. 
Di-n-butyl-lead dinitrate, 43. 

Ethylenediaminodi-n-propyldibromogold, 222. 
Chlorotetra(ethylamino)platinous chloroplatinite, 1250. 
C.H.,.N,Br,Pt Bromotetra(ethylamino)platinum bromide, 1249. 


8V 


C.H,ONCIS 5-Chloro-1-keto-2-methyl-1:2-dihydrobenzthiazole, 1760. 

C,H,ONBrS Bromohydroxy-5-methylbenzthiazoles, 1759. 
5-Bromo-1-methoxybenzthiazole, 1760. 

C,H,ONIS 5-Iodo-1-keto-2-methyl-1:2-dihydrobenzthiazole, 1760. 

C,H,ON,CIS 5-Chloro-1-nitrosoimino-2-methyl-1:2-dihydrobenzthiazole, 1761. 

C,H,ON,IS 5-Iodo-1-nitrosoimino-2-methyl-1:2-dihydrobenzthiazole, 1760. 

C,H,ONBrS Methyl p-bromophenylthioncarbonate, 1760. 

C,H,,ON,CII 2-Chloro-1:7-dimethylhypoxanthine methiodide, 957. 

C.H,,0,N.S.Pd Bis(diethylsulphide)palladium dinitrite, 1359. 


C, Group. 


C,H,, J/-irans-Hydrindane, 1071. 
90 
C,H,,0, 2-Allylresorcinol, 631. 
C,.H,,0, Methyl a-carbomethoxyethyl carbonate, 1060. 
C,H,,Cl (—)§-Chloro-a-phenylpropane, 1084. 
C,H,,Br (-++)8-Bromo-a-phenylpropane, 1084. 
2:4-Dimethylbenzyl bromide, 1844. 
p-Ethylbenzyl bromide, 1843. 
C,H,,0, 2-Propylresorcinol, 632. 
C,H,.0, m-(8-Hydroxyethoxy) anisole, 1099. 
6H;,0, 2:2-Dimethylcyclopentanone-5-glyoxylic acid, 454. 
cycloPentanol-1:2-diacetolactone, 440. 
C.H,,0, Methyl 48-propylene-aaf-tricarboxylate, reactions of, 188. 
»H,,0, n-Pentane-afye-tetracarboxylic acid, and its barium salt, 193. 
C,H,.8 (—)a-Phenyl-8-propylthiol, 1083. 
C,H,,N (-+-)8-Amino-a-phenylpropane, 1083. 
m-Propylaniline, 308. 
C.H,,0 d- and l-trans-8-Hydrindanones, 1070. 
C,H,,0, Ethyl 1-methyl-4?-cyclopentene-l-carboxylate, 1536. 
C,H,,0, 1-Methylcyclopentane-l-carboxy-2-acetic acid, 1068. 
Methyl cyclopentane-1:2-dicarboxylates, 1484. 
d- and I-trans-cyclo-Pentane-1:2-diacetic acids, 1071. 
C,H,,0, 8-Methylpentane-fde-tricarboxylic acid, 1128. 
a-Carbomethoxyethyl carbonate, 1059. 
pine a-acetoxypropionate, 404. 
B-Methoxyethyl a-acetoxyisobutyrate, 715. 
eH,,N 2-Methyloctahydropyrrocoline, and its salts, 1745. 
Norlupinane, 1744, 
C.H,,0, 3:6-Dimethyl 8-methylglucoside, 176. 
4:6-Dimethyl a-methylmannopyranoside, 1015. 
C,H,,.N N-f-Butylpiperidines, 1077. 
C,H.,S (—)Methyl f-octyl sulphide, 1081. 


9 I 

C.H,O.N Isatin methyl ethers, 1656. 
C,H,O,N 8-Amino-7-hydroxycoumarin, 815. 
C,H,0,I 2-Iodo-3-acetoxybenzoic acid, 857. 
C,H,O,N, Substance, from N-nitroso-a-anilinopropionic acid and acetic anhydride, 900. 
C,H,ON (—)Phenylmethoxyacetonitrile, 194. 
C,H,O,N r-o-Nitrophenylmethoxyacetic acid, 107. 
C,H,,OBr, p-Bromophenyl y-bromopropyl ether, 1834. 

'»H,,0,N, N-Nitrdso-a-anilinopropionic acid, 900. 
C,H,,0,8 2-Carboxyphenyl £-hydroxyethyl sulphide, 1237. 
C,.H,,0,N, 6-Hydroxy-2:4-dimethylpyridine-3:5-dicarboxylic monoamide, 539. 
C,H,,0,8 2-Carboxyphenyl f-hydroxyethyl sulphoxide, 1237. 
C,H,,.0;8 9. Corbenyyhnegs DB bpdncnpethandihann, 1237. 
C,H,,ON, 5-Amino-ay-dicyano-88-dimethylvaleric acid lactam, 539. 
C,H,,0Cl o-Chlorophenyl propyl ethers, 1834. 
C,H,,0,N Ethyl pyridyl-2-acetate, 1744. 

m-Hydroxyacetophenone semicarbazone, 302. 


1 ,0.N, 
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Formula Index. 


C,H,,0,N, Nitropropylanilines, 308. 

C,H,,0,N, a-Cyanoisopropyl carbonate, 1060. 

C,H,,0.N 1-Cyanocyclohexyl] acetate, 406. 

C,H,,0,Br Methyl A heh a ane-aaf-tricarboxylate, 192. 

7 3-Keto-2-methyloctahydropyrrocoline, 1745. 

3-Keto-octahydropyridocoline, 1744. 

C,H,,;ON, d-trans-B-0:3:3-bicycloOctanone semicarbazone, 1071. 

C,H,,;0.Br Ethyl bromocyclohexanecarboxylates, 263. 

C,H,,ON 3-Hydroxy-2-methyloctahydropyrrocoline, and its salts, 1745. 

C,H,,0.N Ethyl piperidyl-2-acetate, 1744. 

C,H,,0,N Ethyl a-acetamidoisovalerate, 415. 

C,H,,NS (—)f-Octyl thiocyanate, 1081. 


9 IV 


C,H,O.NBr 6-Bromohomopiperonylonitrile, 667. 

C,H,ON.Se 1-Acetamidobenzselenazole, 1764. 
C,H.O,NBr 6-Bromohomopiperonylamide, 667. 
C,H,ONS 1-Keto-2:5-dimethyl-1:2-dihydrobenzthiazole, 1758. 

1-Methoxy-5-methylbenzthiazole, 1758. 

C,H,ON,S 1-Nitrosoimino-2:5-dimethyl-1:2-dihydrobenzthiazole, 1758. 
C,H,O,NS 1-Hydroxy-5-ethoxybenzthiazole, 1760. 
C,H,O,N,As Carboxymethylbenziminazole-5-arsonic acid, 156. 
C,H, ON, s-Acetylphenylselenourea, 1764. 

9H,,0,N;As Carbamylmethylbenziminazole-5-arsonic acid, 156. 
C,H,,ONS Methyl p-tolylthioncarbamate, 1758. 
C,H,,0,NS p-Toluenesulphonylnitromethane nitronic methyl ester, 9. 
C,H,,0,N,I lIodo-3-nitro-4-hydroxyphenyltrimethylammonium hydroxide, salts of, 116, 
C,H,,0,NCl, yy5-Trichloro-a-acetamido-f-acetoxy-n-pentane, 1624. 
C,H.,ONI dl-cycloHexan-1-ol-2-trimethylammonium iodide, 1273. 


9V 
C,H,ON,C1,Br, 88w-Tribromo-a-ketopropaldehyde 3:5-dichloro-2:4-dibromophenylhydrazone, 1008, 
o He 5-Chloro-1-ethoxybenzthiazole, 1760. 
C,H,ONBrS Bromo-1-keto-2:5-dimethyl-1:2-dihydrobenzthiazoles, 1759. 
C,H,ONIS 5-Iodo-l-ethoxybenzthiazole, 1760. 
C,H,,ONIS p-Iodophenylthiourethane, 1760. 


C,, Group. 


C,oHi9 a-Phenylbutadiene, polymerisation of, 1359. 
C,oH:, p-Cymene, dipole moment of, 481. 

C,oH,, 8-Methylhydrindane, 738. 

C,oDs Octadeuteronaphthalene, 1325. 


C,,.H,O, Daphnetin-3-carboxylic acid, 816. 
10H,O, m-Methoxyphenylpropiolic acid, 1604. 
C,.H,,0 2-Methylchromene, 648. 
CioH,.0, Benzyl acrylate, 405. 
C,.H,.0, m-Methoxyallocinnamic acid, 1604. 
C,oH,,0, 6-Methylhomopiperonylic acid, 666. 
CioH,,N (—)8-Cyano-a-phenylpropane, 1083. 
m-Propylbenzonitrite, 308. 
C,oH,,0, 0o-Hydroxybenzylacetone, reactions of, 646. 
4-Hydroxy-2-ethylacetophenone, 302. 
2-Methylchroman, 648. 
C,oH,,0, 1-p-Tolylmethylglycollic acid, resolution of, 154. 
C,oH,,0, 2-Hydroxy-4-(8-hydroxyethoxy)acetophenone, 1098. 
10H,,0, cycloHexane-1:2:4:5-tetracarboxylic acid, 192. 
C,oH,.Cl, Dichloro-2:4-diketo-8-methylhydrindane, 738. 
C,.H,,Br p-isoPropylbenzyl bromide, 1844. 
C,,.H,,0 3:4-Diethylphenol, 302. 
(—)Phenyl f-butyl ether, 1079. 
10f,40, 2:4-Diketo-8-methylhydrindane, 737. 
y-m-Methoxyphenyl-n-propyl alcohol, 435, 1289. 
C,.H,,0, 2-Hydroxy-4-(8-hydroxyethoxy)ethylbenzene, 1099. 
C,oH,,0, 1-Carboxycyclopentane-2-succinic acid, 476. 
C,oH,,8 Phenyl n- and iso-butyl sulphides, 1556. 
C,,.H,,0 dl-Piperitone, synthesis of, 1585. 
C,oH,,0, y-4*-cycloHexenylbutyric acid, 1638. 
Ethyl 2:2-dimethylcyclopentan-1-one-4-carboxylate, 1128. 
10H,,0, 2-Carboxy-1-methylcyclohexane-1-acetic acid, 737. 
d- and l-trans-cycloHexane-1:2-diacetic acids, and their salts, 1070. 
Homoapofenchocamphoric acid, 1129. 
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10 II—10 IV Formula Index. 


C,oH,,0, Retronecic acid, 14. 
C,.H,,0, «a-Methylmannuronide acetone, potassium salt, 517. 
1oH,,0 Carvomenthone, rotatory dispersion of, 709. 
Menthone, rotatory dispersion of, 709. 

C,,H,,0, Ethyl cyclopentanepropionate, 1069. 

C,.H,,0, Acetone a-methylguloside, 688. 
1:2:3:4-Diethylidenesorbitol, 426. 
a-Methylgalactopyranoside acetone, 1019. 
B-Methylmannopyranoside 2:3-acetone, 1018. 
a-Methylmannoside 2:3-acetone, 517. 

C,,H,,0, 2:3:4-Trimethyl a-methyl-d-mannuronide, 518. 

C,,H.,0 Carvomenthols, 1138. 

C,,»H,.S Di-n-amyl sulphoxide, 1556. 

(—)Ethyl B-octyl sulphide, 1081. 

C,,H,.Cd Di-n- and -di-amylcadmium, 44. 

C,,H..Hg Di-n-amylmercury, 40. 

C,,.H.,Pb Dimethyldi-n-butyl-lead, 42. 

C,,H,,8n Methyltri-n-propyltin, 41. 

10 Ill 


C,oH,0.C1 4-Chloro-1:2-naphthaquinone, 1853. 
C,.H,;0,I 2-lodo-1:4-naphthaquinone, 1853. 
C,,H;0,N, 2-Nitro-4-diazonaphthalene 1-oxide, 673. 
10H,0;N, 2:3-Dinitro-4-amino-1l-naphthol, 673. 
C,,H,0.N, Nitronaphthylamines, action of bromine on, 1596. 
C,oH,O,N, 2-Nitro-4-amino-a-naphthol, and its hydrochloride, 673. 
5-Nitro-8-quinolylmethyl alcohol, 1424. 
C,.H,0,I, a8-Di-iodo-m-methoxycinnamic acid, 1604. 
C,.H,NC1 4-Chloro-2-naphthylamine, 1851. 
C,,.H,NBr 3-Bromo-2-naphthylamine, 1595. 
C,,H;NI 4-Iodo-2-naphthylamine, 1851. 
C,.H,N.S 3-Methyl-4:5-thionaphthenopyrazole, 473. 
C,.H,ON 8-Quinolylmethy] alcohol, 1424. 
C,.H,O.N 3-Hydroxy-2-methoxyquinoline, 1657. 
C,.H,O,Br Bromomethoxyallocinnamic acids, 1604. 
C,.H,O,Br, «8-Dibromo-f-6-bromo-3-methoxyphenylpropionic acid, 1603. 
C,,.H,O,Br Methyl 6-bromohomopiperonylate, 667. 
C,.H,O,N_ r- and (-+-)-o-Nitroacetylmandelic acids, 107. 
C,.H,NS Cinnamy]l thiocyanates, 1362. 
C,,H,N,Cl Chloronaphthylenediamines, and their salts, 1852. 
C,,.H,N.Br 3-Bromo-1:2-naphthylenediamine, 1595. 
Bromonaphthylenediamines, and their salts, 1852. 
C,,H,N,I lIodonaphthylenediamines, and their salts, 1852. 
CrottcO Br, aB-Dibromo-8-3-methoxyphenylpropionic acid, 1603. 
1 104 
10H,,0,N (—)o-Acetamidomandelic acid, 109. 
Gio ON Ethyl ( + )o-nitromandelate, 108. 
11 y-Phenylpropyl thiocyanate, 1362. 
(—)B8-Thiocyano-a-phenylpropane, 1083. 
C,.H,,0,N, Nitroso-a-anilinoisobutyric acid, 900. 
C,.H,; N B-Phenyl-a-methylpropionamide, 424. 
a : Oe o-Chlorophenyl] n-butyl ether, 1834. 
y-m-Methoxyphenyl-n-propyl chloride, 435. 
C,,.H,,0,N Ethyl pyridyl-2-8-propionate, 1744. 
C,.H,,0,N 2-Hydroxy-4-(8-hydroxyethoxy)acetophenone oxime, 1099. 
2-Hydroxy-4-(8-hydroxyethoxy)acetophenone hydrazone, 1099. 


1 1405N, 
Copper acetylacetonate, 733. 


C,oH,,0, lh 
O.N 1-Carbethoxycyclopentane-2-acetonitrile, 475. 


10f415 
C,,H,,;0,N, Ethyl bicyclooctan-l-one-2:3-dicarboxylate semicarbazone, 476. 
C,,H,,ON, trans-cycloHexane-1:2-diacetic acid semicarbazones, 1070. 
C,,H,,0,N Acetylretronecanol, picrate of, 14. 
C.oH,,0,8 a-Carbethoxyethyl sulphite, 1061. 
oH,,N.Cl, p-Aminobenzyltrimethylammonium chloride hydrochloride, 872. 
1oHg,N,Au, Ethylenediaminodi-n-propylgold aurocyanide, 1029. 
C,oH..Cl,.Pb Di-n-amyl-lead dichloride, 42. 
C,,.H.,Br.Pb Di-n-amyl-lead dibromide, 42. 
C,oH..S8,Hg Mercury di-n-amylmercaptide, 1562. 
C,oH,.S,Pd Palladium di-n-amylmercaptide, 1562. 


10 IV 


C,,.H,O,NCl 1-Chloro-3-nitronaphthalene, 1851. 
C,,H,O.NBr, 2:3:4:5:6-Pentabromodiacetanilide, 1006. 
C,oH,O,NCl 4-Chloro-2-nitro-1-naphthol, 673. 
C,.H,O,NBr 3-Bromo-1l-nitro-2-naphthol, 1595. ; 
954 





2-Hydroxy-3- and -5-methoxybenzylideneglycine, barium salts, 214. 
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Formula Index. 


C,.H,O,NI 2-Iodo-4-nitro-l-naphthol, 1853. 
C,.H,O.N,Br 3-Bromo-1:6-dinitro-2-naphthylamine, 1596. 
C,oH,0,N,Cl 4-Chloro-2-nitro-l-naphthylamine, 1850. 
C,oH,0,N,Cl, Ethyl a-chloroglyoxylate 2:3:4:5-tetrachlorophenylhydrazone, 1008. 
C,,H,0.N,Br 3-Bromo-6-nitro-8-methylquinoline, 1424. 
3-Bromo-1-nitro-2-naphthylamine, 1595. 
C,.H,0,N.C1 3-Chloro-2-nitro-4-amino-l-naphthol, and its hydrochloride, 674. 
1oH,0;N,Br 3-Bromo-2-nitro-4-amino-l-naphthol, 674. 
C,oH,O,N,I 3-Iodo-2-nitro-4-amino-1-naphthol, 674. 
O.N.Br, Ethyl a-bromoglyoxylate 3:4:5-tribromophenylhydrazone, 1008. 
C,9H,O.N,S 3-Methyl-4:5-thionaphthenopyrazole dioxide, 473. 
5 3:5-Dibromodiacetanilide, 1006. 
C,,H,O.NS 1-Acetoxy-5-methylbenzthiazole, 1759. 
C,oH,O,N,Cl, Ethyl a-aminoglyoxylate tetrachlorophenylhydrazone, 1008. 
CioHioON,S 11-Thiol-13-hydroxy-3:4:5:6-tetrahydrobenzpyrimidazine, 469. 
C,oH,,ONS 1-Ethoxy-5-methylbenzthiazole, 1758. 
C,-H,,ON.Cl §-Aminocrotono-m-chloroanilide, 114. 
C,.H,,0.NS 1-Keto-5-ethoxy-2-methyl-1:2-dihydrobenzthiazole, 1760. 
1-Methoxy-5-ethoxybenzthiazole, 1760. 
C,.0H,,0,NBr Acetyl-2-bromo-5-methoxy-p-toluidine, 1423. 
C,oH:2N.Cl,Fe Pyridinium ferrochloride, 116. 
:oHy2N,Br,Fe Pyridinium ferrobromide, 116. 
CioH,;0.NS Methyl p-phenetylthioncarbamate, 1760. 
CioH,;0,NS, 2-Hydroxy-5-carbomethoxyanilino-N N-dimethylenesulphurous acid, 810. 
CioH,,OCII 3-Chloro-10-iodocamphor, 536. 
C,.H,,0Cl,Hg 3-Chlorocamphor 10-mercurichloride, 536. 
C,oH,,0BrI 3-Bromo-10-iodocamphor, 536. 
C,.H,,OBr,Hg 3-Bromocamphor 10-mercuribromide, 536. 
C,9B,;0,C1IS 3-Chlorocamphorsulphinic acids, 536. 
10Hy 5 3-Bromocamphorsulphinic acids, 536. 
C,H, ;0,N.Cl, 5-Trichloro-£-acetoxy-n-amylacetylurea, 1624. 
C,.H.,0,SHg, dl/-Amylmercuric sulphate, 40. 
102204 Di-n-amyl-lead sulphate, 42. 
CioH..0,N,Pb Di-n-amyl-lead dinitrate, 43. ay 


C,.H,0,.N.Cl,Br, Ethyl a-bromoglyoxylate 3:5-dichloro-4-bromophenylhydrazone, 1008. 
CoH Bromo-1-ethoxy-5-methylbenzthiazole, 1759. 
Coto OAN 2Br Ethyl a-aminoglyoxylate 3:5-dichloro-4-bromophenylhydrazone, 1008. 
7: Bromo-p-tolylthiourethanes, 1759. 
h 3-Bromocamphor 10-mercurichloride, 536. 
3-Chlorocamphor 10-mercuribromide, 536. 
C,,.H,,OCIIHg 3-Chlorocamphor 10-mercuri-iodide, 536. 
C,o0H,,OBrIHg 3-Bromocamphor 10-mercuri-iodide, 536. 
C,oH,,0,N,C1,Pt a-Di(ethylamino)di(propylamino)platinous chloride dihydrate, 1248. 


C,, Group. 
C,,H,, 1-Methyl-3:4-dihydronaphthalene, 1543. 


110 

C,,H,O, 7-Hydroxy-8-acetylcoumarin, 815. 
Methylnaphthazarin, 333. 

C,,H,O, Hydroxydroserone, 338. 

C,,H,,O 2:3-Dimethylindenone, 1161. 

11690, a-Vinylcinnamic acid, reduction of, 717. 
C,,H,.0, Methyl 3:4-methylenedioxycinnamate, 1413. 
C,,H,,0, a-Benzyl-y-butyrolactone, 724. 

tso-a-Benzylcrotonic acid, and its silver salt, 725. 

B-Phenyl-8-vinylpropionic acid, 1364, 

C,,H,.0, 3-Allylresacetophenone, 631. 
4-0-Allylresacetophenone, 630. 

C,,H,.0, Methyl f-3:4-methylenedioxyphenylpropionate, 1413. 

C,,H,,0, m-Methoxybenzylacetone, 433. 
2-Methoxy-2-methylchroman, 648. 

C,,H,,0, y-m-Methoxyphenylbutyric acid, 1290. 
Methyl 8-m-methoxyphenylpropionate, 435, 1413. 
3-n-Propylresacetophenone, 632. 

C,,H,,0, m-(8-Acetoxyethoxy)anisole, 1099. 

C,,H,,Br p-tert.-Butylbenzyl bromide, 1844. 

C,,H,,0 3:4-Diethylanisole, 303. 
trans-3-Methy1-4?-octal-l-one, 1068. 

C,,H,,0, Ethyl 2:2-dimethylcyclopentanone-5-glyoxylate, 454. 
B-(41-cycloHexenylethyl)malonic acid, 1638. 
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C,,H,,N  p-tert.-Butylbenzylamine, 1848, 
(—)B-Butyl-p-toluidine, 1078. 
C,,H,,P Mesityldimethylphosphine, 464. 
C,,H,,0 trans-3-Methyl-a-decalone, 1068. 
C,,H,,0, 4!°-Undecynoic acid, addition of hydrogen bromide to, 1572. 
114130, 4:6-Dimethy] 5- mannonolactone 2:3- acetone, 1016. 
C,,H,,0, a-Carbomethoxyisopropyl carbonate, 1059. 
C,,H..0, Undecenoic acid, addition of hydrogen bromide to, 1572. 
10:11-Epoxyundecoic acid, addition of hydrogen bromide to, 1575. 
C,,H..0, 4:6-Dimethyl mannose 2:3-acetone, 1016. 
C,,H,,.0, 2:3:4-Trimethyl-a-methylmannuronide methyl ester, 518. 
C,,H,.0, Tetramethyl a-methylaltroside, 1199. 


lm 
C,,H,O,N, 4:5-Dinitronaphthastyril, 318. 
C,,H,O,S Naphthalene-1:8-carboxysulphonic anhydride, 318. 
C., e 1-Amino-a-naphthaselenazole, 1766. 
C,,H,0,N 8-Acetamido-7-hydroxycoumarin, 815. 
7-Hydroxy-8-acetylcoumarin oxime, 815. 
Cub oO 2 Succino-o-nitrobenzylimide, 1278. 
ou Hic O.Ns Crotonyl 3:5-dinitrobenzoate, 289. 
C,,H,,ON 6-Methoxy-8-methylquinoline, and its hydrobromide, 1422. 
CH O.N 3-Methoxy-1-methylquinolone, 1657. 
Methoxyphenoxyacetic acid 2-acetonitriles, 994. 
C,H HON, 4(5)-8-Phenoxyethylglyoxaline, and its hydrochloride, 491. 
asicine, constitution of, 1277. 
C,,H,,0,N, 0-Nitrobenzylsuccinamic acid, 1278. 
C,,H,,.0,N, Dimethylpyruvic acid 2:4- dinitrophenylhydrazone, 535. 
C,,H,,0,N, Dimethoxybenzylideneglycines, barium salts, 215. 
C,,H,,ON y-m-Methoxyphenylbutyronitrile, 1290. 
Gullit 3- ney a -4-ethoxyphenylacetonitrile, 121. 
C,,H,,0,Br Ethyl §-bromo-f-phenylpropionates, 1666. 
C,,H,,0,N 2:4:5-Trimethoxyphenylacetonitrile, 1373. 
C,,H,,0,N 8-3-Amino-4-methoxybenzoylpropionic acid, 1093. 
C,,H,,0,N, Dimethylpyruvic acid p- nitrophenylhydrazone, 535. 
C,,H,,ON, Cytisine, picrate of, 11. 
C,,H,,0,N, o-Amino nzylsuccinamic acid, 1278. 
Nitropropylacetanilides, 308. 


C1H ON, Diethyl ketone 2:4- Ng = homoge 152. 


yl a-aminoglyoxylate 5-nitro-o-tolylhydrazone, 118. 
C,,H,,ON Acetyl-p- sihsegeeggtbemees, 308. 
enzo-B-butylamides, 1078. 
eek 308. 
0 oe acetanilide, 307. 
ylacetanilide, 308. 
0,.,,08, -Ethylacetophenonesemicarbazone, 1874. 
én hlorophenyl n-amy]l ethers, 1834. 
Ce ON y-m-Methoxyphenylbutyramide, 1290. 
ae 4-Hydroxy-2- Pee te semicarbazone, 302. 
gua aed iS -Acetamidobenzyldimethylamine, 872. 
B-Butyl p-toluenesulphinate, 1077. 
COs d-8-Butyl p-toluenesulphonate, 1077. 
1:H,,0,.Br Bromoundecenoic acid, 1574. 
2 B-p- -Aminophenylethyltrimethylammonium chloride hydrochloride, 873. 
C,,H,,0 l-isoCarvomenthone semicarbazone, 1143. 
11 Hee a-Methyl-5-isopropyl pimelicdiamide, 316. 
C,,H.,CIPb Methyldi-n-amyl- lead chloride, 43. 


C,,H,NSSe 1-Thiol-a-naphthaselenazole, 1766. 
C,,H,.ONBr Bromo-6-methoxy-8-methylquinolines, 1422. 
C,,H,,0,N,S p-Tolueneazothiobarbituric acid, 469. 
C,,H HicdMoBr, Ethyl a-bromoglyoxylate dibromonitrotolylh drazones, 118. 
am : 2 Ethyl a-bromoglyoxylate bromonitrotolylhydrazones, 118. 
01M 4(5)-B-Phenoxyethyl-2-thiolglyoxaline, 491. 
C,,H,,0. Aceto-6-bromo-f-piperonylethylamide, 667. 
C,,H,,0,N,Br Ethyl a- ens mee ae nitrotolylhydrazones, 118. 
11H,,0,N,Br, Ethyl a-aminoglyoxylate 4:6-dibromo-5-nitro-o-tolylhydrazone, 118. 
C,,H,,0,N8 1:5- =o pong ares meee 1760. 
Oe ON As = la- ott —— 4-bromo-5-nitro-o-tolylhydrazone, 118. 
C,,H,,0.N. ydroxydimethylallylarsonium picrate, 399. 
CH ONS p- Pieaetibdoastnen, 1760. 
C, i O.NAs Hydroxydimethyl-n-propylarsonium picrate, 397. 
droxymethyldiethylarsonium picrate, 397. 
custieks Pyridinodi-n-propylbromogold, 223. 
Acetylretronecanol methiodide, 14. 
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Formula Index. 


C,, Group. 


C,,H,, ¢-Phenyl-4¢y-hexadiene, 433. 
2:6- and 2:7-Dimethy]-1:2:3:4-tetrahydronaphthalenes, 81. 
Di-41*1-cyclohexene, 1106. 


124416 

C,2His 
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C,,H,O; 3’-Methyl-7:6-furocoumarin, 815. 
2H,O0; 1-Naphthol-2:4-dicarboxylic acid, 1062. 

C,.H,.0, 7-Acetonyloxycoumarin, 815. 

C,.H,O; 8-Hydroxy-7-acetonyloxycoumarin, 816. 

C,2zHiol, Diphenyliodonium iodide, decomposition of, 596. 

C,.H,,0 Tetrahydrodiphenylene oxide, 1133. 

C,2H,.0, «-Benzyl-y-butyrolactone-a-carboxylic acid, 724. 

C,,H,;N 3:6-Dimethyl-2-naphthylamine, and its hydrochloride, 79. 
2H,,0 Cinnamyl isopropenyl ether, 1364. 

C,.H,,0; O-Methylallylresacetophenones, 630. 

B-Phenoxyethyl a-methylacrylate, 716. 

C,,H,,0O, y-Anisoylbutyric acid, 856. 

nzyl a-acetoxypropionate, 404. 
Methyl a-benzoyloxyisobutyrate, 716. 

C,.H,,O, 2-Acetoxy-4-(8-hydroxyethoxy)acetophenone, 1099. 
Ethyl 2-aldehydomethoxyphenoxyacetates, 994. 

C,.H,,O, 2:4:5-Trimethoxyphenylpyruvic acid, 1373. 
2H,,O0 2:6- and 2:7-Dimethyl-1:2:3:4-tetrahydronaphthols, 82. 
¢-Phenyl-4*-hexen-8-ol, 432. 
¢-Phenyl-4*-hexen-y-ol, 433. 

Pot gee 308. 
B-Tetrahydro-l-naphthylethy] alcohol, 1531. 

C,,.H,,0, 3:4-Diethylphenyl acetate, 302. 
2-Ethoxy-2-methylchroman, 647. 
2-Hydroxy-4:5-diethylacetophenone, 302. 
oy gy pee yl methyl ketone, 1538. 

C..H,,0, Ethy Ras dovihasersbeneterenionatn, 435. 
A}-Menthen-2-ol-3-glyoxylolactone, 316. 

Tetrahydrotubaic aldehyde, 1372. 

C,.H,.0, Methyl £-3:4-dimethoxyphenylpropionate, 1414. 
B-Phenoxyethyl a-hydroxyisobutyrate, 715. 

C,.H,,0, Methyl cyclohexanonetricarboxylate, 194. 

C,,H,.N, Octahydrophenazine, 740. 

C,,H,.O 3:4-Diethylphenetole, 303. 

C,,H,,0, 1-Keto-6-methyldecalin-4-carboxylic acid, 478. 

C,.H,,0, 2:4-Di-8-hydroxyethoxy)ethyl benzene, 1099. 

thyl 2:2:5-trimethylcyclopentanone-5-glyoxylate, 454. 

C,H, p-Amino-tert.-hexylbenzene, and its salts, 1281. 
B-p-Aminopheny]-fy-dimethylbutane, 1282. 
tert.-Hexylaniline, and its picrate, 1281. 

C,,H».O; a-Keto-¢-methyl-y-isopropylsuberic acid, and its silver salt, 316. 

C,.H,,.0, Acetylacetone a-methylgalactoside, 689. 

Acetylacetone a-methylguloside, 688. 

C,,H,.0, 4:6-Dimethyl a-methylmannopyranoside 2:3-acetone, 1015. 

C,.H.,0,, Sucrose, compound of, with potassium hydroxide, 648. 
12H.,0, Lauric acid, potassium salt, densities of aqueous solutions of, 626. 

C,,H,,.Hg Di-n-hexylmercury, 40. 

C, Dimethyldi-n-amyl-lead, 42. 

Diethyldi-n-butyl-lead, 42. 


C,.H,O,N, 3-Nitronaphthalimide, 497. 
C,.H,O,N, Furfuryl 3:5-dinitrobenzoate, 289. 
1 4 4:2’:4’-Trinitro-2-aminodiphenylamine, 200. 
C,.H,O,N, 2:3’-Dinitrodiphenylamine, 187. 
C,.H,O,N, 2’:4’-Dinitro-2- and -4-aminodipheny] ethers, 199. 
CHO, 2’:4’-Dinitro-2:4-diaminodiphenyl ether, 198. 
Palladium diphenylmercaptide, 1562. 
2-Phenyl-4-isopropylideneoxazolone, 534. 
5-o-Chlorophenyldihydroresorcinol, 539. 
2:3-Dimethylindenone semicarbazone, 1161. 
Ethyl /-(— A ar 1667. 
a-Benzamido-ff-dimethylacrylic acid, 535. 
Methyl 4-methoxyphenoxyacetate 2-acetonitrile, 994. 
1gHy B-3-Nitro-4-ethoxybenzoylpropionic acid, 1093. 
y-3-Nitro-4-methoxy benzoylbutyric Peid, 093. 
C,.H,,0.N, 1:3-Diallyl-7-methylxanthine, 1366. 
2:6-Diallyloxy-7 -methylpurine, 1366. 
C,.H,,0,Br, Ethyl a8-dibromo-f-3-methoxyphenylpropionate. 1603. 
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C,,H,,ON, 5-Methyl-a-tetralone semicarbazone, 999. 
1 1,0,N Acetoacet-p-phenetidide, 113. 
C,.H,,0,N, w-Acetoxy-o-methylacetophenone semicarbazone, 1000. 
Dimethylpyruvic acid phenylsemicarbazone, 525. 
C,H, ,0,N 59. datne-h-theen benzoylpropionic acid, 1093. 
y-3-Amino-4-methoxybenzoylbutyric acid, 1093. 
n-Amyl p-nitrobenzoate, 289. 
(,,H,,ON B-Aminocrotonoxylidides, 113. 
C,,H,.0,N, B-p-Aminocrotono-p-phenetidide, 113. 
C,.H,,0,N, p-Nitrobenzoyl-a-methylisobutylamine, 414. 
12H,;0C1 p-Chlorophenyl n-hexyl ether, 1834. 
C,.H,,0,N §8-Benzoyloxy-a-methylisobutylamines, 416. 
Benzoylvalinol, 414. 
C,,H,,0.N, m-Methoxybenzylacetone semicarbazone, 433. 
C,.H,,0,N Ethyl a-amino-y-phenoxybutyrate, hydrochloride of, 490. 
12H,,0,N, 2:6-Dipropoxy-7-methylpurine, 1367. 
C,,H,,0,N, 7-Methyl-[0:3:4-bicyclo}nonan-2-one-3:4-dicarboxylic acid, 479. 
C,.H..N,Au, Diethyldicyanogold, 1028. 
C,.H. IP Mesityltrimethylphosphonium iodide, 464. 
C,,H,,ON, ¢trans-3-Methyl-a-decalone semicarbazone, 1068. 
C,.H,,0,N, Nitrosoisopropylacetone, bimolecular, depolymerisation of, 30. 
C,.H,.8.Hg Mercury becleminanetiin, 1562. 
C,.N.,BrSn Tri-n-butyltin bromide, 41. 
C,.H,,I8n Tri-n-butyltin iodide, 41. 
C,.H.,N,Au, Ethylenediaminotetraethyldicyanodigold, 1029. 


12 IV 


C,,H,O,NCl 2-Chloro-7-nitrodiphenylene oxide, 1133. 

C,,H,O,N,S 2:4:3’-Trinitrodiphenylsulphone, 538. 

C,.H,ON,Cl, 3:5-Dichlorobenzeneazophenols, 1006. 

C,,H,ON,S 7-Thiol-9-hydroxy-2(or 3)-phenylpyrimidazine, 469. 

C..H.0,N.S 2:4’-Dinitrodipheny! sulphide, 185. 

C,.H,O,N,Cl 4-Chloro-2’:4’-dinitro-2-aminodiphenyl ether, 200. 
5-Chloro-2’:4’-dinitro-2-hydroxydiphenylamine, 200. 

C,.H,O,N,Br 3-Bromo-1:6-dinitro-2-acetonaphthalide, 1596. 
4-Bromo-2’:4’-dinitro-2-aminodiphenyl ether, 199. 
5-Bromo.2’:4’-dinitro-2-hydroxydiphenylamine, 199. 

C,,H,O;N,I 4-Iodo-2’:4’-dinitro-2-aminodiphenyl ether, 199. 
5-lodo-2’:4’-dinitro-2-hydroxydiphenylamine, 199. 

C,.H,NCIS 3-Chlorothiodiphenylamine, 1264. 

C,,H,O,N,Cl 4-Chloro-2-nitroaceto-l-naphthalide, 1850. 

C,,H,O,N,Br 2-Bromo-4-nitroaceto-l-naphthalide, 1597, 1852. 
3-Bromo-1-nitro-2-acetonaphthalide, 1595. 
4-Bromo-2-nitroaceto-1-naphthalide, 1854. 

C,.H,O,N,I 2-Iodo-4-nitroaceto-1-naphthalide, 1853. 

ronda o-Nitrophenyl benzenethiolsulphonate, 898. 

C,.H,O,N,S Dinitro-2’-aminodipheny] sulphides, 185. 

C,.H,,ONBr 3-Bromo-2-acetonaphthalide, 1595. 

C,,H,,0,N,Cl, 4-Hydroxy-3-carbethoxy-1-(3’:5’-dichlorophenyl)pyrazole, 1008. 

C,,H,,0,N,.Br, 4-Hydroxy-3-carbethoxy-1-(3’:5’-dibromophenyl)pyrazole, 1008. 

C,,H,,0,N,Br, Ethyl 3:5-dibromophenylazo-yy’-dibromoacetoacetate, 1008. 

12H,,0,N,Br 2-Bromo-3-nitro-4-acetamido-l-naphthylamine, 674. 

C,.H,,0,N,8 2-Nitro-2’-aminodiphenylsulphone, 185. 
2-o0-Nitroanilinobenzenesulphinic acid, 186. 

C,.H,,0,N,Br 2:4-Dinitrobenzylpyridinium bromide, 1843. 

C,.H.,ON 2-Bromo-4-acetamido-1-naphthylamine, 674. 

C,,H,,0 , Ethyl 3:5-dibromophenylazo-y-bromoacetoacetate, 1008. 
Ethyl 3:4:5-tribromophenylazoacetoacetate, 1008. 

C,.H,,0,N,Cl, Ethyl 3:5-dichlorophenylazoacetoacetate, 1007. 

C,.H,,0,N,Br, Ethyl 3:5-dibromophenylazoacetoacetate, 1008. 
12H, 2:6- and 2:7-Dimethyl-1:2:3:4-tetrahydro-6-sulphonamides, 82. 

C,,.H,.0,N,Ni Nickel methyl-n-propylglyoximes, 623. 

C,.H,,C1,8,.Pd Bis(dipropylsulphide)palladium dichlorides, 1558. 

C,,H,,N,C1,Pt Dichlorotetra(propylamino)platinic chloride, 1249. 


12V 
C,.H,O,N,C1.8 2’:5’-Dichloro-2:4-dinitrodiphenylsulphone, 538. 
C,,H,O,N,CIS 4’-Chloro-2:4:3’-trinitrodiphenylsulphone, 538. 


GeO Bre 4’-Bromo-2:4:3’-trinitrodiphenylsulphone, 538. 
C,,.H,0, : o-Nitrophenyl p-bromobenzenethiolsulphonate, 898. 


C,,H,0,N, 5-Bromo-4-hydroxy-3-carbethoxy-1-(3’:5’-dichlorophenyl)pyrazole, 1008. 


Ethyl 3:5-dichlorophenylazo-yy’-dibromoacetoacetate, 1008. 
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G,.H,0,N,01 Br, Ethyl 3:5-dichloro-4-bromophenylazo-yy’-dibromoacetoacetate, 1008. 
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Formula Index. 


C,,H,,0;N,C],Br Ethyl 3:5-dichloro-4-bromophenylazoacetoacetate, 1008. 
Ethyl 3:5-dichlorophenylazo-y-bromoacetoacetate, 1008. 
0H Pd Bis(di-n-propy] sulphide)palladium dinitrite, 1559. 
Bis(triethylarsine)palladium dinitrite, 1561. 
CT OCI Tetra(propylamino)platinous chloride dihydrate, 1248. 


C,, Group. 


C,,;H,. ¢-Phenyl-3-methyl-4*”-hexadiene, 433. 
13 0 


C,;3H,90; 4:3’-Dimethyl-7:6-furocoumarin, 815. 
C,;H,00, Homonaphthalic acid, 319. : 
8-Methoxy-3’-methyl-7:6-furocoumarin, 816. 
C,;H,.0; Fw en rm ac ae acid, 1062. 
CisHioMs 2-Methylphenazine, 741. 
C,,H,,N 3:6-Dimethyl-2-naphthonitrile, 79. 
C,;H,,0, 3:6-Dimethyl-2-naphthoic acid, 79. 
CisH 20, 7-Allylo xy- -4-methylcoumarin, 631. 
7-Hydroxy-4-met - -8-allylecoumarin, 631. 
C,;H,,0, 7-Acetonyloxy-4-methylcoumarin, 815. 
4-Methoxycinnamylidenepyruvic acid, and its sodium salt, 1053. 
C,,H,.0, 8-Methoxy-7- acetonyloxycoumarin, 816. 
- a-(4-Methyl-l-naphthyl)ethyl bromide, 444. 
C,,H,,0 5-Ethylnerolin, 454. 
a-(4-Methyl-1-naphthyl)ethyl alcohol, 444. 
Ho Ethyl a-vinylcinnamate, 721. 
- 1:2-cycloHexanolone benzoate, 1273. 
oe éalethoxy henyldihydroresorcinols, 540. 
C,;H, 40. henyl-n-butanetricarboxylic acids, 1360. 
3H.No 2. Methyltetrahydrophenazines, 741. 
Cisflied t- as A*y-hexadiene, 435. 
C,sH,0, a -cis-1:2-cyclohexanediol, 1270. 
2:6- and 2:7-Dimethyl-1:2:3:4-tetrahydronaphthoic acids, 81. 
Ethyl tso-a-benzylcrotonate, 725. 
Ethyl dihydro-a-vinylcinnamate, 721. 
way 2-isopropylcinnamic acid, 1030. 
C,;H,,0, Allylresacetophenone dimethyl ethers, 631. 
1:2-cycloHexanediol benzoates, 1270. 
0,,H,.0, f-3-Methoxy-4-ethoxyphenyl-a-methylacrylic acid, 121. 
y-Phenetoylbutyric acid, 856. 
C,;H,,<0, 8-(3:4:5-Trimethoxybenzoyl)propionic acid, 1580. 
3H,,0 (-Phenyl-5-methyl-4*-hexen- - ol, 432. 
CHO ¢-m-Methoxyphenyl-4¢-hexen- y-ol, 435. 
e-p-Anisylhexoic acid, 1092. 
Meet d-(-+)B-ethoxy-B- phenylpropionate, 1665. 
B-3-Methoxy-4-ethoxyphenyl-a-methylpropionic acid, 121. 
y-Keto-e- cusennntalptisents acid, om its silver salt, 314. 
Ethyl 4!-p-menthen-3-one-4- carboxylate, 1585. 
3Hoo a 2:2-dimethylcyclopentan-1-one-4:5-dicarboxylate, 1128. 
C,;H..0, Methyl n-pentane-afye-tetracarboxylate, 193. 
C,,H.,N p-Amino-tert.-heptylbenzene, 1281. 
tert.-Heptylaniline, and its picrate, 1282. 
C,,H..0 »8-Dicyclopentylacetone, 983. 
C,,H..0, a-Methylmannofuranoside diacetone, 1018. 
Telisinenaegyeanestin diacetones, 1017. 
C,,H,,O 2-n-Octylcyclopentanol, 1542. 
C,,H..N (—)p- WA bk arene 1081. 
C, Methyltri-n-butyltin, 41. 
Tri-n-propyl-n-butyltin, 41. 


13 Of 


C,,H,N.Br, «w-Bromobenzaldehyde pentabromophenylhydrazone .1007. 
CcHOBr 2:4:6-Tribromoresorcinol 3-benzoate, 948. 
ad Re Doeegunneeison, 1407. 
3:6-Dinitronaphthalomethylimide, 499. 
3:9-Dibromophenanthridine, 1407. 
w-Bromobenzaldehyde tetrabromophenylhydrazone, 1007. 
Phenazine-2-carboxylic acid, 741. 
Nitrophenanthridones, 1406. 
4:6-Dibromoresorcinol 3-benzoate, 947. 
3-Nitronaphthalomethylimide, 497. 
3Br; Benzaldehyde pentabromophenylhydrazidine, 1007. 
(,,H,O.N Hydroxy phenanthridones, 1408, 
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C,,H,O,N 3-Hydroxynaphthalomethylimide, 498. 
Nitrodiphenyl-4’-aldehydes, 114. 
C,,H,O,Br 6-Bromoresorcinol 3-benzoate, 947. 
C,,H,N,Br, Benzaldehyde tetrabromophenylhydrazidine, 1007. 
C,,H,,.ON, Aminophenanthridone, 1407. 
C,,;H;,0Cl, Chlorophenyl chlorobenzyl ethers, 1839. 
2N, 3-Aminonaphthalomethylimide, 498. 
3-Nitro-4- aminodiphenylmethane, 1873. 
C,;H,,0,N, 3-Nitro- T5-methyl henoxazine, 1313. 
Pachecchechaaibehgde 2:4-dinitrophenylhydrazone, 152. 


3:5-Dihydroxy-2-carboxyphenylacetylcarbinol dinitrophenylhydrazone, 1469. 


1-Anilinobenzselenazole, and its picrate, 1764. 
3:6-Dimethyl-2-naphthoyl chloride, 79. 
3:6-Diaminonaphthalomethylimide, 499. 
2-Aminoquinol 4-benzoate, 198. 
2’:4’-Dinitro-2- hydroxy-N -methyldiphenylamine, 1313. 
»:4’-Dinitro-2- methylaminodiphenyl ether, 1313. 
C,,;H,,0,N, 2’:4-Dinitro-2-amino-4-methoxydipheny] ether, 199. 
2’:4’-Dinitro-2-hydroxy-5-methoxydiphenylamine, 199. 
C,,H,,0,N, Nitrobenzylaniline, rate of reaction of benzyl bromide with, 16. 
on On Phenyl] p-toluenethiolsulphonate, 898. 
2 1-Methoxynaphthalene-2:4-dicarboxylamide, 1063. 
ae Nitro-4-acetamido-l-naphthyl mer a” 673. 
Catia B-6-Methoxy-1-naphthy thy) bromide, 45. 
C,,H,,0,N, 3- 1 seme 4-hydroxy-1- chen an 119. 
Ethyl nitrotolylazoacetoacetates, 118. 
C,,H,,0,N +-3-Nitro-4-ethoxybenzoylbutyric acid, 1093. 
0,5 3-Nitro-4-methoxybenzoylvaleric acid, 1093. 
170,N y-3-Amino-4-ethoxybenzoylbutyric acid, 1093. 
-3-Amino-4-methoxybenzoylvaleric acid, 1093. 
oui oa Ethyl 2-a aldehydomethoxyphenoxyacetate semicarbazones, 994. 
p-n-Propylpropiophenone semicarbazone, 307. 
TO vlpropi ophenone semicarbazone, 308. 
©, 1,001 lorophenyl n-heptyl ether, 1834. 
: 13H, ,0.N. * -Hydroxy-4:5- dieths ylacetophenone semicarbazone, 302. 
C.,H,,0,N, Tetrahydrotubaic aldehyde semicarbazone, 1372. 
C,.H,,0,N, 1-Keto-6-methyldecalin-4-carboxylic acid semicarbazone, 478. 


13 IV 


C,;H,0,N,Cl, Nitrosocycloazipentachlorobenztriazone, 1007. 

C,,H,0,N,Br, Nitrosocycloazipentabromobenztriazone, 1007. 
Chloronitrobenzaldehyde pentachlorophenylhydrazones, 1007. 
Nitrosocycloazitetrabromobenztriazone, 1007. 
Bromonitrobenzaldehyde pentabromophepvylhydrazones, 1007. 
Bromonitrobenzaldehyde tetrabromophenylhydrazones, 1007. 
Nitrobenzaldehyde pentachlorophenylhydrazidines, 1007. 

«Br; Nitrobenzaldehyde pentabromophenylhydrazidines, 1007. 

C,.H.0.N.Cl Chloronitrophenanthridone, 1407. 

C,,;H,0,N. 9-Bromodinitrofluorenes, 1608. 

C. WHO, , 2:4-Dibromo-6-nitroresorcinol 3-benzoate, 948. 

C,,H.ONBr 3-Bromophenanthridone, 1407. 

C,,H,O,NCl 3-Chloronaphthalomethylimide, 498. 

C,,H,O,NBr 9-Bromo-2-nitrofluorene, 1608. 

Nitrobenzaldehyde tetrabromophenylhydrazidines, 1007. 

C, 2-Bromo-5-nitrobenzophenone, 1238. 

.,H.O.N,Cl, Dichloronitrobenzanilides, 1006. 

7 ne me oy orere 9 rw 1006. 
a vo we a 2-oxytrichloromethylthiol, 681. 

C,,H,0 eschonnald yde 2:4-dinitrophenylhydrazone, 152. 

C,.H,,ON, 1- eee naphthaselenazole, 1766. 

CisHie Chlorophenyl bromobenzy] ethers, 1839. 

C,;H,,OCIF Chloro henet fluorobenzyl ethers, 1839. 

onan 10-Chloro-2- fe oe rare nae 1051. 

2;5-Dichlorophenyl! p-toluenethiolsulphonate, 898. 


S, 
CHONG Chloropheny! nitrobenzyl ethers, 1839. 
3H,,0,NBr o-Bromophenyl] nitrobenzyl ethers, 1839. 
Cth, O08 2-Nitro-2’-formamidodipheny] sulphide, 341. 
on"o 5-Nitro-2-phenylbenzthiazoline S-dioxide, 1265. 
“Of Fluorodiphenylcarbamides, 1822. 
ono 2Cl 3- and 4-Chloro- poser = niline, 18. 
e 


C,,;H,,0,.N,Br 5-Bromo-3-nitro-4-aminodiphenylmethane, 1875. 

C..H.,0 p-Chlorophenyl p toluenethiolsul honate, 898. 

C,,H,, P- -Bromophenyl > talgenathielealightinnte, 898. 

C,,H,,0,N,Cl, 5:5-Dichloro-3-carbethoxy-1-(4’-nitro-o-tolyl)-4-pyrazolone, 119. 
1960 
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CoE Oe bre 3-Carbethoxy-4-hydroxy-1-dibromonitrotolylpyrazoles, 119. 
C,,;H,,0,N,Br, Ethyl dibromonitrotolylazo-yy-dibromoacetoacetates, 119. 
1:36120,N,8 2-0-Nitroanilinophenyl methyl sulphide, 187. 

2-Nitro-2’-methylaminodiphenyl sulphide, 184. 

C,,H,,0,N.8 4-Nitro-2- sasthonesalphaigtiichengtaiten, 1265. 
134120;Ny 5- Chloro-3-carbethoxy-4-hydroxy-1- senteootaly yrazoles, 119. 

C,,H,.0;N,Br 5-Bromo-3-carbethoxy-4-hydroxy-1-nitrotolylpyrazoles, 119. 

5 Meckotbony-4-hodeny-1-hecsheuberetelplepsunatin 1 19. 

C,,H,,0,;N,Br, Ethyl bromonitrotolylazo-yy-dibromoacetoacetates, 119. 

Ethyl dibromonitrotolylazo-y-bromoacetoacetates, 118. 
C,,;H,,;0Cl,Fe 1:2:3:4-Tetrahydroxanthylium ferrichloride, 1118. 
C,,H,,;0;N,Br. Ethyl bromonitrotolylazo-y-bromoacetoacetates, 118. 
Ethy] dibromonitrotolylazoacetoacetates, 118. 
Ethyl nitrotolylazo-yy-dibromoacetoacetates, 119. 
oo One = 6-methoxyphenoxyacetate 2-chloroacetonitrile, 995. 
,0;N,Br Ethyl bromonitrotolylazoacetoacetates, 118. 
Oa nitrotolylazo-y-bromoacetoacetates, 118. 
C,;H,,0,NAs p-Oxyarsinopimelanilic acid, 291. 
‘As p-Arsonopimelanilic acid, 291. 

190;N,As Pimelanilamide-p-arsonic acid, and its sodium salt, 291. 

C,,;H,,0,N,8 Diisopropyl sulphide picrate, 241. 

C,;H.o0,NI Diacetylretronecine methiodide, 14. 


13 V 


at Bi 5-Chloro-3-carbethoxy-4-hydroxy-1-dibromonitrotolylpyrazoles, 120. 
10,N.CIS 2-p-Chloro-o-nitroanilinophenyl methyl sulphide, 187. 
CIBr 5-Chloro-3-carbethoxy-4-hydroxy-1 Lapensadtectelyigyindiee, 120. 
cl.As p-Dichloroarsinopimelanilic acid, 291. 


CisHis 


C, 20 
0;sH1,¢0 


C,, Group. 


C,H,» Tolan, structure of, 855. 
C,,H,, 1-Ethylacenaphthene, 670. “ne 
C,,H,,0, 2:5-Dihydroxyphenanthrene, 1542. 
C,,HioN, 0-Benzylenebenziminazole, 1806. 
C,,H,,.O0 2-Methyl-6:7-benzhydrindene, 1324. 
2-Methyl-5:6-(1:2-naphtha)-y-pyran, 1542. 
C,,H,,0, m-Benzyloxybenzaldehyde, 1540. 
C,,H,,Cl §8-1-Acenaphthylethyl chloride, 669. 
C,H, B-1-Acenaphthylethyl bromide, 669. 
C,,H,,O0 B-1-Acenaphthylethyl alcohol, 669. 
C,,H,,0, 8-2-Naphthy- a- -methylpropionic acid, 1324, 
C,,H,,.N. NN’-Dimethyl]-9:10-dih drophenazine, 740. 
C,,H,,O 52. Pinapictigt dcgithenmen, 1571. 
C,,.H,,0, Diallylresacetophenones, 632. 
1:2:3:6-Tetrahydro-3:4:5:6- dicyclopentenophthalic anhydride, 1106. 
C,,H,,0; 4:6-Benzylidene 2:3-anhydro-a-methylalloside, 1196. 
4:6-Benzylidene 2:3-anhydro-a-methylmannoside, 1198. 
CH, 160, 2-Acetoxy-4-(B-acetoxyethoxy)acetophenone, 1099. 
ethyl a-carbethoxyethyl phthalate, 405. 
5-Phenyl-a-methyl-n-butane-a-trans-By-tricarboxylic acid, 424, 
C,,H,.N, NN’-Dimethyl-2:3:9:10-tetrahydrophenazine, 740. 
«H,,0, 5-Phenetoylvaleric acid, 1093. 
C,,H,,0; Ethyl p-(3:4- dimethoxybenzoyl)propionate, 1579. 
B-Phenoxyethy] a-acetoxyisobutyrate, 715. 
0,80, 4:6-Benzylidene a-methylaltroside, 1199. 
14,90, Ethyl trans-3-methyl-4?-octal-1-one-4-carboxylate, 1068. 
14HO 9-Keto-4!%11-dodecahy Sd 1287. 
CiH0, ¢-3-Methoxyphenyl-5-methyl-4*-hexen-6-ol, 433. 
e-p-Phenetylhexoic acid, 1093. 
H,,0, Ethyl bicyclo[0:3:3]octan-l-one-2:3-dicarboxylate, 476, 
Meth 1 cyclohexane-1:2:4:5-tetracarboxylate, 193. 
peridino-a-phenylpropane, 1083. 
C,,H,,0 {= Phenyl B-octyl ether, 1082. 
Methyl y-teresantalylpropionate, 314. 
Ethyl 1-keto-6-methyldecalin-4-carboxylate, 478. 
a dabgthaheusnagaieshesonighanate, 1128. 
H,.0, a trans-cyclopentane-1-carboxylate-2-acetoacetate, 1068. 
CHS ( bi a _ B-ontyl s _— 1082. 
C,,H.,N sec.-Octylaniline, 128 
C,,H,,0 £-41-cycloHexenylethyle a 501. 
fieHaOs Methyl a-keto-£-methyl-y-isopropylsuberate, 316. 
C,,H,,0, Ethyl y-methylbutane-aay- selon ones , 1128. 
1961 
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C,,H..0, a-n-Octyladipic acid, 1542. 
C,,Hs2Pb Diethyldi-n-amyl-lead, 42. 
Di-n-propyldi-n-butyl-lead, 42. 
C,,H,.Sn Ethyltri-n-butyltin, 41. 
14 


Cut OoN, 2’-Nitro-3-phenylphthalaz-l-one, 1806. 
C,,H,O,N, 1:4-Diketo-3-(4’- agua laine and its silver salt, 1811. 
Phthalylnitrophenylhydrazide, 1811. 
C,,HLN.Cl 5 5-Chloro-o- benzylenebenziminazole, 1806. 
4:6-Dibromoanisyl 3-benzoate, 948. 
2:4-Dinitro-2’-methyldiphenyl-6-carboxylic acid, compounds of, with benzene, 1858. 
3-Bromo-9-methylphenanthridine, 1407. 
C,,H,,0,.N Methoxyphenanthridones, 1408. 
C,,H,,0,C1 o-Chlorobenzoin, 225. 
C,,H,,0,C1 Chlorobenzyloxybenzoic acids, 1839. 
C,,H,,0,Br Bromoanisy] 3-benzoates, 947. 
et one acids, 1839. 
C,,H,,0,F Fluorobenzyloxybenzoic acids, 1839. 
C,,H,,0,N 2-Nitro-5-benzyloxybenzaldehyde, 1266. 
o-Carboxybenzonitrophenylhydrazides, 1811. 
14H,,0,N, 2’:4’-Dinitro-2-acetamidodiphenyl ether, 1311. 
mm: , a-Bromobenzaldehyde 4:6-dibromo-m-tolylhydrazone, 1621. 
C,,H,,0,N, Nitrobenzo-m-toluidides, 1620. 
gu 19 Vanillin 2:4-dinitrophenylhydrazone, 152. 
Ci H..N.Br, Benzaldehyde 4:6-dibromo-m-tolylhydrazone, 1620. 
CH aN Be 1-Phenylmethylaminobenzselenazole, picrate of, 1764. 
Chlorophenyl methylbenzyl ethers, 1839. 
C,,H,,0Br p-Bromophenyl p-methylbenzyl ether, 1839. 
C,,H,,0As 2:10-Dimethylphenoxarsine, 1052. 
C,.H,,0,N 2-Nitro-5-benzyloxytoluene, 1266. 
C,,H,,N,Br Benzaldehyde 6-bromo-m-tolylhydrazone, 1620. 
C,,H,,0.8, Benzyl p-toluenethiolsulphonate, 898. 
14H,,0,N, dl-1-Methylcyclohexan-1-ol-2-one 3:5-dinitrobenzoate, 1272. 
C,,H,,0,I Diphenyliodyl acetate, 1676. 
C,,H,,0,N 1-Methyl-4*-cyclopentenyl-l-carbinyl p-nitrobenzoate, 1536. 
C,,H,,0,N dl-1-Methylcyclohexan-1l-ol-2-one p-nitrobenzoate, 1272. 
C,,H,,0,N, 1-Ethyl 2-methyl diketosuccinate nitrotolylhydrazones, 120. 
C,,H,,ON 2-8-Phenylethyl-4?-cyclohexenoneoxime, 1571. 
p-isoPropylbenzaldehyde p-nitrophenylhydrazone, 1848. 
5-3-Nitro-4-ethoxybenzoylvaleric acid, 1093. 
Ethyl B- acetamidophenylaminocrotonates, 1569. 
* cycloPentanepropionanilide, 1069. 
C,,H,,0,C1 2-Methoxy-4:5-diethyl-8-chloropropi ate 303. 
14H,,0,N 5-3-Amino-4-ethoxybenzoylvaleric acid, 1093. 
Dimethyleyclohexylidene-1-cyanoacetate-2-8-propionate, 1067. 
Cusied N Tetra-acetylglucosidyl] nitrite, 1023. 
ON, B-cycloPentylpropionic acid hydrazide, 984. 
8-Diethylaminomethylquinoline hydrobromide, 1144. 
C,,H,,0 p-Acetamido-tert.-hexylbenzene, 1281. 
B-p-Acetamidophenyl]-fy-dimethylbutane, 1282. 
C,,H,,0N, s-Dicyclopentenylacetone semicarbazone, 983. 
14H2,0,N, 2-Methoxy-4:5-diethylacetophenone semicarbazone, 303. 
C,,H,,0,N, 2-Hydroxy-4-methoxy-3-isoamylbenzaldehyde semicarbazone, 1372. 
C,,H.,0,N Dimethyl cyclohexane-1-cyanoacetate-2-8-propionate, 1067. 
C,,H,,0,I 1-Iodoacetyl acetone-glucose, 1024. 
2 a- and £-Dinitroketones, from caryophyllene nitrosite, 1583. 
C..H,.0,N. 4:6-Dimethylmannonic phenylhydrazide, 1016. 
cao Ethyl 1-keto-6-methyldecalin-6-carboxylate oxime, 479. 
s-Dicyclopentylacetone semicarbazone, 983. 


14411 oN; 


ee, Ethyl nae scare a-propionates, 1744. 


2-n-Octylcyclopentanone semicarbazone, 1542. 
C,H ub OR, l-isoCarvomenthylamine hydrogen d-tartrate, 1143. 
C,,H,S.Hg Mercury di-n-heptylmercaptide, 1562. 


14 IV 


C,,H,ON,Cl 5-Chloro-o-benzoylenebenziminazole, 1806. 

C,,H,0,N,Cl, 1:4-Diketo-3- (2 6’-dichloro-4’-nitrophenyl)tetrahydrophthalazine, 1814. 
‘Phthalyl- 2’:6’-dichloro-4’-nitrophenylhydrazide, 1814. 

C,,H,0,N,Br, 1:4-Diketo-3-(2’:6’-dibromo-4’-nitrophenyl)tetrahydrophthalazine, 1814. 
‘Phthal 1-2’:6’-dibromo-4’-nitrophenylhydrazide, 1814. 

C,,H,ON. 3:5-Di-p-bromophenyl-1:2:4-oxadiazole, 5 

C,,H,O ‘cl 4’-Chloro-2’-nitro-3-phenylphthalaz-l-one, 1806. 

C,,H,O,N,Br 2’-Bromo-4’-nitro-3-phenylphthalaz-l-one, 1137. 

1962 
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C,,H,O,N,Cl 1:4-Diketo-3-(2’-chloro-4’-nitropheny]l)tetrahydrophthalazine, 1813. 
ee ee ne ee 1813. 
C,,H,O,N,Br 1:4-Diketo-3-(2’-bromo-4’-nitropheny])tetrahydrophthalazine, 1813. 
Phthalyl-2’-bromo-4’-nitrophenylhydrazide, 1813. 
C,,H,O,N,Cl 5-Chloro-2-phenylbenziminazole-o-carboxylic acid, 1806. 
C,,H,O,N,Br, 3-Keto-1:2-endo-4’:6’-dibromo-m-tolylimino-1:2-dihydro-1:2-benzisodiazole l-oxide, 1621. 
C,,H,O,N,Cl, 0o-Carboxybenzo-2’:6’-dichloro-4’-nitrophenylhydrazide, 1814. 
C,,H,O;N,Br, o-Carboxybenzo-2’:6’-dibromo-4’-nitrophenylhydrazide, 1814. 
C,,H iO) 9-Chloromethoxyphenanthridines, 1408. 
C,,.HioON,Cl 4’-Chloro-2’-amino-3-phenylphthalaz-1l-one, 1805. 
mm: OF 2’-Bromo-4’-amino-3-phenylphthalaz-l-one, 1136. 
C,,Hi00,N,Br, a-Bromonitrobenzaldehyde 4:6-dibromo-m-tolylhydrazones, 1620. 
C,,H:00,N,Br, Nitrobenzodibromo-m-toluidides, 1620. 
3-Nitro-N-acetylthiodiphenylamine, 1264. 
o-Carboxy-2’-chloro-4’-nitrophenylhydrazide, 1813. 
C,,H,,0,N,Br SS eS ere 1813. 
C,,H,.0,N,Cl 4-Chloro-2’:4’-dinitro-2-acetamidodipheny] ether, 1312. 
6-Chloro-2’:4’-dinitro-2-hydroxydiphenylamine acetate, 1312. 
C,,H,00,N,Br 4-Bromo-2’:4’-dinitro-2-acetamidodipheny] ether, 1312. 
5-Bromo-2’:4’-dinitro-2-hydroxydiphenylamine acetate, 1311. 
C,,H,oO,N;I 5-Iodo-2’:4’-dinitro-2-hydroxydiphenylamine acetate, 1311. 
C,.Hi00,N,8 2-Acetamidopheny] picry] sulphide, 342. 
14H NEr, Benzo-4:6-dibromo-m-toluidide, 1620. 
C,,H,, ON. 2’-Bromo-4’-amino-N-phenylphthalimidine, 1136. 
C,,H,,0,.NCu eee benzoinoxime, 821. 
C,,H,,0.N,Br, itrobenzaldehyde 4:6-dibromo-m-tolylhydrazones, 1620. 
C,,H,,0,N. Benzobromo-m-toluidides, 1620. 
C,,H,,0 pert ar a 4-hydroxy-m-tolyl sulphides, 1237. 
4-Carbox -2-nitrophenyl p-tolyl ether, 1238. 
C,,H,,0,N,8 Dinitro-2’-acetamidodipheny] sulphides, 185. 
C,,H,,0, Carboxynitrophenyl-4-hydroxy-m-tolylsulphones, 1237. 
C,,H,,0,N,8 2:4’-Dinitro-2’-acetami nn gy Or 186. 
C,,H,,0,N,Br Nitrobenzaldehyde 6-bromo-m-tolylhydrazones, 1620. 
'4H,,0,N,Br, Nitrobenzenyl-4:6-dibromo-m-tolylhydrazidines, 1621. 
C,,.H,,0,N.8 2-Aceto-o-nitroanilidophenyl mercaptan, 187. 
2-Nitro-2’-acetamidodipheny] sulphide, 184. 
Di-p-iodobenzy] sulphite, 1818. 


1 


O. 
CH ONS §-Nitro-2-phenyl-1-methylbenzthiazoline S-dioxide, 1265. 
20,N,Ca 


C,,H, Copper disalicylaldoxime, 733. 

C,,H,,0,N.Pt Disalicylaldoximeplatinum, 461. 

C,,H,,0 2-Nitro-2’-acetamidodiphenylsulphone, 185. 

C,,H,;0. di-iesDt-o-chignaghengliaiccngetateninn, 1123. 

C,,H,;0, p-Nitrobenzyl p-toluenethiolsulphonate, 898. 

C,,H,.N.Cl Dichlorostilbenediaminoplatinum, 846. 

C.,H,,0,N. p-Oxyarsinosuberanilic acid, 292. 

C,,H..O,NBr Ethy! pyridinium-1-acetate-2-8-propionate bromide, 1744. 
14 As p-Arsonosuberanilic acid, and its sodium salt, 292. 

Methyl p-arsonopimelanilate, and its sodium salt, 291. 

C,H, O.N,As Pimelanilomethylamide-p-arsonic acid, and its salts, 291. 

Suberanilamide -p-arsonic acid, and its sodium salt, 292. 

C,,H.,0,N Nickel methyl-n-butylglyoximes, 623. 

C,,H..NS, Nickel N N-di-n-propyldithiocarbamate, 624. 

C,,H,,.N.Br,Au, Ethylenediaminotetra-n-propyldibromodigold, 222. 


14V 


C,,H,,0. 2-o-Nitrophenyl-1-methylbenzthiazolonium iodide, 187. 
Ct OW Cl ¢-Chieve 3-altee-2’ eectemidodighenyloulshione, 185. 
2-Iodo-p-toluenesulphon-p-toluidide, 1596. 
Disalicylaldoximinoplatinous chloride, 461. 
p-Dichloroarsinosuberanilic acid, 292. 


C,, Group. 


C,,H,, 1:2:4-Tripropylbenzene, 307. 
Getic» ipheny] triketone, catalytic hydrogenation of, 83. 
C, 5H, 0-Chloromethylphenanthrene, 1323. 
C,H. Dibenzoylcarbinol, 84. 

o-Hy dibenzoylmethane, 869. 
C,,H,,0, Cpneainatn, constitution of, 752. 
Methylnaphthazarin diacetate, 333. 
0,.H..N 2-Phenyl-6-methylindole, and its picrate, 1210. 
C,,H,,O 2’-Methyldeoxybenzoin, 1125. 
C,;H,,0, 0’-Methylbenzoin, 225. _— 
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C14H,,0; m-Benzyloxyphenylacetic acid, 1541. 

ee -5-benzyloxyaceto 2 sees. 869. 

Met ylbenzyloxybenzoic aci 
P- -Phenylethoxybenzoic acid, 1834. 
henyl-p-tolylglycollic acid, resolution of, 153. 
¢,,H,,0, r-4-Methoxybenzilic acid, 153. 
Methyl-2-naphthylmethylmalonic acid, 1324. 
C,;H,,8, «y-Bis(phenylthio)propane, 1557. 
C,;H,,0, 1-Keto-7-methoxyhexahydrophenanthrene, 1291. 
154,,0, Diphenylglycerol, 84. 
C,.H.,0 ,  Picrotoxinin, constitution of, 997. 
2 Acetophenone tolylhydrazones, 1210. 
Eh (—)Phenyl a-phenyl-8-propyl sulphide, 1084. 
C,;H,,0, 6-as-Octahydrophenanthroic acid, 768. 
oe Ethyl C-cinnamylacetoacetate, 1364. 

Ethyl y-cinnamyloxycrotonate, 1364. 
B-m-Methoxyphenylethylcyclohexane-2:6-dione, 1290. 
2-0-Methyl-4-0-allyl-5-allylresacetophenone, 632. 

C,;H,,0, Picrotic acid, constitution of, 997. 
C,;H,,0, Ethyl B-(3:4-dimethoxybenzoy])-8-hydroxymethylenepropionate, 1579. 
180, Picrotin, constitution of, 997. 
C, “H,,0, Ethyl £-3-methoxy-4-ethoxyphenyl-a-methylacrylate, 121. 
5-Keto-8-m-methoxyphenyloctoic acid, 1290. 
C,;H..0, 4:6-Benzylidene methyl a-methylaltrosides, 1197. 
C,.H..0 s-Di-41-cyclohexenylacetone, 983. 
2:5-Dipropylpropiophenone, 307. 
e-(2:2:6-Trimethyl-4*-cyclohexenyl)-y-methylpent-5-en-a-yn-y-ol, 586. 
C,;H,,Cl a- and f-Santalyl chlorides, 313. 
C,,H,,0 a- and £-Santalols, 309. 
¢-(2:2:6-Trimethyl- eel y-methyl-45_pentadien-a-ol, 586. 
C,;H,,0, Clovenic acid, 129 
C,,H.N (—)N -B-Octyl-p-toluidine, 1081. 
C,,;H.,.0, Ethyl 8-methylpentane-fde-tricarboxylate, 1128. 
B-(Benzylethylamino)triethylamine, and its picrate, 1424. 
. 3 B-(o-Aminobenzylethylamino)triethylamine, and its picrate, 1424. 
C,;HaBr «-(2:2:6-Trimethylcyclohexy])-y-methyl-n-amyl bromide, 585. 


15 i 


C,;H,oN.Cl, waf-Trichloro-8-phenylpropaldehyde 2:4:6-trichlorophenylhydrazone, 92. 
2Br, waf-Tribromo-£-phenylpropaldehyde 2:4:6-tribromophenylhydrazone, 91. 
C,.H,,0,N Acetoxyphenanthridones, 1408. 
10,N, 2’-Nitro-3-phenyl-4-methylphthalaz-l-one, 1807. 
Cc, 5H,,0,N, 4-Keto-1-methoxy-3-(nitropheny])-3:4-dihydrophthalazines, 1812. 
Phthaly]-4’-nitro-2’-methylphenylhydrazide, 1812. 
C, ;H,,0, Cyanidin chloride, 428. 
C,;H,,N,Cl,; waf-Trichloro-8-phenylpropaldehyde 2:4-dichlorophenylhydrazone, 92. 
a : OF 3 Cinnamaldehyde 2:4:6-tribromophenylhydrazone, 92. 
C,;H,,N,Br, waf-Tribromo-8-phenylpro ldehyde 2:4-dibromophenylhydrazone, 91. 
eH. .ON, 3-Methyloximino-2-phenylindolone, 1210. 
3- Nitroso- 2- an a 1- methylindole, 1210. 
3-Oximino-2- yt henylmethylindoles, 1211. 
eto-1-methoxy- a -3:4-dihydrophthalazine, 1815. 
C, ,H,,0,N, 3. Acetamidonaphthalomethylimide, 498. 
C,;H,,0,N, m-Methoxybenzyl 3:5-dinitrobenzoate, 1123. 
C,;H,.N.Br, Cinnamaldehyde 2:4-dibromophenylhydrazone, 92. 
Oh 2’-Amino-3-phen 7-4-methgightiinian-l-enn, 1808. 
C,;H,;0.F 8-p-Fluorophenylethyl benzoate, 1821. 
' HL..0,As dl-10-Ethylphenoxarsine-2- carboxylic acid, resolution of, 1268, 
C,H 0,N_ r-o-Benzamidomandelic acid, 107. 
m-Ethylphenol p-nitrobenzoate, 302. 
4’-Nitro-4- hydroxy-2-methyldeoxybenzoin, 1126. 
C1580, o-Carboxybenzo-4’-nitro-2’-methylphenylhydrazide, 1812. 
5-Dinitro-4-acetamidodiphenylmethane, 1875. 
C,H.0.B Droserone boroacetate, 335. 
1 aa ’.Bis(phenylthio)acetone, 1557. 
C..H 4.0,Br, Trimethylene glycol bis-p-bromophenyl ether, 1835. 
C,;H,,0,N, 3-Nitro-4-acetamidodiphenylmethane, 1875. 
15H,,0,; a-p- sree ay Ur Te mae = 19. 
C, ;H,,0, Veratraldehyde 2:4-dinitrophenylhydrazone, 152 
CHO * Phenacyl- m-toluidine, 1211. 
OO 1-Keto-3-(2’-aminophenyl)-4-met gyre ae: saa aera: 1808. 
:0.N p-Aminophenylethyl benzoate, 1821 
Fluorenyl-9- dimethylselenonium bromide, 1611. 
p-4'-cycloHexenylethyl 3:5-dinitrobenzoate, 501. 
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Formula Index. 


C,;H,,0.N, 5-Nitro-8-piperidinomethylquinoline, and its hydrobromide, 1424. 
C, ;H,70. 2:10:10-Trimethylphenoxarsonium hydroxide, salts of, 1052. 
C,;HisON; 2-8-Phenylethyl-4*-cyclohexenone semicarbazone, 1571. 
C,;H:00,Br, Trisbromoacetyl acetone-glucose, 1024. 
C,;His0,I, Trisiodoacetyl acetone-glucose, 1024. 
1sH20ON, Anagyrine, and its salts, 10. 
C..H.,0.N, 4-isoPropylcyclohexan-l-one 2:4-dinitrophenylhydrazone, 152. 
C,;H200i0Cl, 4-Dichloroacetyl 2:3:6-triacetyl B-methylglucoside, 1181. 
C,;H2N,0, Eserine, synthesis of, 755. 
C,;H2,0N p-Acetamido-tert.-heptylbenzene, 1281. 
C,;H.;0.N; ARC meme pe meen tee come and its picrate, 1424. 
C,;H,;0,N, Ethyl 1-keto-6-methyldecalin-4-carboxylate semicarbazone, 479. 
C,;Hs;0P ‘Tri-n-amylphosphine oxide, 1557. 
een ee 4l. 
C Tri-n-amyltin iodide, 41. 
; 15 IV 
C, ;H,O,N. | 4-Keto-1-methoxy-3-(2’:6’-dichloro-4’-nitropheny]l)-3:4-dihydrophthalazine, 1814. 
C, H.0,N. 4’-Chloro-2’-nitro-3-phenyl-4-methylphthalaz-l-one, 1807. 
C,;H,.0,N,Br Bromonitro-3-phenylmethylphthalazones, 1137. 
C,;HO,N,Cl 4-Keto-1-methoxy-3-(2’-chloro-4’-nitrophenyl)-3:4-dihydrophthalazine, 1813. 
C,;H,.0,N,Br 4-Keto-1-methoxy-3-(2’-bromo-4’-nitropheny])-3:4-dihydrophthalazine, 1813. 
C..H,,OCLFe Flavylium ferrichloride, 86. 
C,;H,,0,N,Cl, waf-Trichloro-8-phenylpropaldehyde 2-chloro-4-nitrophenylhydrazone, 92. 
1sH1,0,N,Br, waf-Tribromo-f-phenylpropaldehyde 2-bromo-4-nitrophenylhydrazone, 92. 
C,;H,,ON,Br, -Bis-4:6-dibromo-m-tolylurea, 1620. 
C,;H,,ON,Cl 4’-Chloro-2’-amino-3-phenyl-4-methylphthalaz-l-one, 1808. 
]-Keto-3-(4’-chloro-2’-aminophenyl)-4-methyltetrah drophthalazine, 1808. 
C,;H,.ON. 2’-Bromo-4’-amino-3-pheny]-4-methylphthalazone, 1137. 
15H;,0,N,C1 Cinnamaldehyde 2-chloro-4-nitrophenylhydrazone, 92. 
15s Cinnamaldehyde 2-bromo-4-nitrophenylhydrazone, 92. 
C,;H,,0,.N;,Br; ee p-nitrophenylhydrazone, 91. 
C,;H,,0,N,8 Dimethylsulphonium 9-{2:7-dinitrofluorenylidide], 1611. 
C, ;H,30. Dimethylsulphonium 9-[2-nitrofluorenylidide], 1610. 
C,;H,,;0,NS w-Nitro-w-(p-thiotolyl)acetophenone, 9. 
1 sHas 2-Acetamido-2’-carboxydiphenylsulphone, 1237. 
C,;H,,;0,N,8 2-Aceto-op-dinitroanilidophenyl methyl sulphide, 187, 
5-Nitro-2-aceto-o-nitroanilidophenyl methyl! sulphide, 188. 
C,;H,,0,NS 4-Carboxy-2-nitrophenyl 3-methanesulphonyl-p-tolyl ether, 1238. 
C,;H,;0,N,8 5-Nitro-2-aceto-o-nitrophenylamidophenylmethylsulphone, 187. 
C,;H,,ON.Br, s-Bis-6-bromo-m-tolylurea, 1620. 
C,;H,,ON. 1-Keto-3-(2’-bromo-4’-aminopheny]l)-4-methyltetrahydrophthalazine, 1137. 
C,;H,,0,N.8 2-Aceto-o-nitroanilidophenyl methyl sulphide, 187. 
2-Nitro-2’-methylacetamidodipheny] sulphide, 185. 
C,;H,,0,N.8 5-Nitro-2-phenyl-1:1-dimethylbenzthiazoline S-dioxide, 1265. 
C,;H,,0,N.S 2-Aceto-o-nitroanilinophenylmethylsulphone, 186. 
C,;H,0) 2:10:10-Trimethylphenoxarsonium iodide, 1052. 
C,;H,,0,N.8 2-Nitro-2’-dimethylamino-5’-methyldiphenyl sulphide, 185. 
C,;H,,O,NS N-Methyl-p-toluenesulphon-o-anisidide, 1313. 
C,;H..0,NAs Ethyl p-arsonopimelanilate, and its sodium salt, 291. 
Methyl p-arsonosuberanilate, and its sodium salt, 292. 
C,;H,;0;N.As Pimelanilodimethylamide-p-arsonic acid, and its sodium salt, 291. 
Pimelaniloethylamide-p-arsonic acid, and its sodium salt, 291. 
Suberanilomethylamide-p-arsonic acid, and its sodium salt, 293, 


15 V 


C ,H,,0,N,CIS 2-Aceto-p-chloro-o-nitroanilido ae erty: sulphide, 187. 
C,;H,,0,N.BrS 2:7-Dinitrofluorenyl-9-dimethylsulphonium bromide, 1611. 

C,;H,,0;N 2-Aceto-p-chloro-o-nitroanilidophenylmethylsulphone, 186. 

C,;H,,0. 2-Nitrofluorenyl-9-dimethylsulphonium bromide, 1610. 


C,, Group. 
C,,.H,,0, Anthronylideneacetic acid, 1104. 
C,.H,,0 Senglibwanne, 1165. 
C,,H,,0, 3-8-Phenylethylphthalic anhydride, 434. 
C,,.H,,C1 1-Chloro-3-phenyl-2-methylindene, 1160. 
C,,.H,,0 1-Hydroxy-1-phenyl-2-methylindene, 1159. 
C,,.H,,0, Dimethoxyphenanthrenes, 1542. 
10H,,0, af-Dihydroxy-y-keto-ay-diphenylpropane, 85. 
3-Methoxy-2-phenylbenzo-2-p nol, 1165. 
C,,H,,0, 0-Acetylphenyl o-methoxybenzoate, 869. 
4-H droxy-7-methoxyflavanone, 867. 
0,.H,.0, Peltogynol, 748. 


C,.H,,N, 8-Anilinomethylquinoline, 1144. 
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16 11—16 Ill Formula Index. 


C,,.H,,0, 1-Hydroxy-2-(2’-carboxycyclopenty])-3:4-dihydronaphthalene lactones, 1539. 
4-Methoxy-2-methyldeoxybenzoin, 1125. 
C,,H,,0, cis-a8-Di-o-methoxyphenylethylene oxide, 1121. 
3-B-P. enylethyl-1:2:3:6-tetrahydrophthalic anhydride, 434. 
p-y-Phenylpropoxybenzoic acid, 1834. 
C,,.H,,0, m-(8-Benzoyloxyethoxy)anisole, 1099. 
C,,H,,0, Ethyl 1-naphthol-2:4-dicarboxylate, 1062. 
C,,.H,,0, Ethyl £-(3:4-dimethoxybenzoy])-48-crotonolactone-y-carboxylate, 1579. 
C,.H,,N 3:6-Diethylcarbazole, 743. 
C,.H,,0 2-Keto-4-phenyl-4''*-octalin, 1286. 
C,,.H,,0, Tetrahydro-5:6:7:8-dicyclopenteno-1:4-naphthaquinone, 1106. 
C,.H,,0, «-(cis-2-Carboxycyclopentyl)-y-phenylbutyric anhydride, 1538. 
1-Keto-2-(2’-carboxycyclopenty])tetrahydronapht alenes, 1539. 
C,.H,.N (—)8-p-Toluidino-a-phenylpropane, 1083. 
C,,H».O 2-Keto-4-phenyldecalin, 1286. 
Ci¢H 0, 2-(2’-trans-Carboxycyclopentyl)tetrahydronaphthalene, 1540. 
C,,H..0, 3:5-Diallylresacetophenone dimethyl ether, 632. 
Dodecahydrophenanthrene-9:10-dicarboxylic anhydride, 1106. 
C,,.H..0, =-¢8 Casboupepeiopenty)-p-ghaagibuliyele acids, 1538. 
Ethyl benzylvinylmalonate, 721. 
Tetrahydrotubaic aldehyde diacetate, 1372. 
Diphenyldiethylsilicane, 1090. 
3:6-Diethyl-1:2:3:4-tetrahydrocarbazole, 743. 
4:6-Benzylidene-2:3-dimethyl a-methylaltroside, 1197. 
8-(8-Diethylaminoethylaminomethy])quinoline, and its trihydrobromide, 1426. 
Substance, from acetylcyclohexene and 1-keto-2-methyltetrahydronaphthalene, 1287. 
Ethyl 7-methyl-[0:3:4-bicyclo]nonan-2-one-3:4-dicarboxylate, 479. 
Substance, from clovenic anhydride and magnesium methy] iodide, 1298. 
Ethyl 1-carbethoxycyclopentane-2-succinate, 476. 
Ethyl a-keto-€-methyl-y-isopropylsuberate, 316. 
16Hs Di-n-butyldiisobutyl-lead, 42. 
Di-n-propyldi-n-amyl-lead, 42. 
C,,H;,,8n Tetra-n-butyltin, 41. 


16 Mi 


C,,.H,,0,C1], 1:5-Dichloroanthronylacetic acid, 1104. 
C,.H,,0,N, 5-Keto-2-phenyl-4-0-nitrobenzylidene-4:5-dihydro-oxazole, 1267. 
1 4-Nitro-3-azoxy-5-pyridylpyrazole, 420. 
2:2’-Anhydro-2:5-diketo-3-(2’-aminophenyl)isoindolinopyrazolidocoline, and its picrate, 1802. 
2’-Amino-3-phenylphthalaz-1-one-4-acetic acid lactam, 1807. 
16H, ,0,N, Se ee ere en 1801. 

C,.H,,0,N, 4-Keto-l-acetoxy-3-(nitrophenyl)-3:4-dihydrophthalazines, 1811. 

C,,.H,,0,8 1-Anthraquinonyl f-hydroxyethyl sulphoxide, 1237. 

C,,.H,,0,N, Nitro-a-benzamidocinnamic acids, 1267. 

C,.H,,0,8 1-Anthraquinonyl-f-hydroxyethylsulphone, 1237. 

C,,H,,N,8 1-Phenyl-3-methyl-4:5-thionaphthenopyrazole, 472. 

C,,H,,0.N 3:6-Diacetylcarbazole, 742. 

C,,H,,0,N, 2-(2’-Aminoanilino)isoindolinone-3-acetic acid lactam, and its picrate, 1803. 
5:4’-Diacetyl-1-phenylbenzotriazole, 743. 
2:5-Diketo-3-(2’-aminopheny]l)isoindolinopyrazolidocoline, 1801. 
ig an ee a pee i acid lactam, 1805. 

C,,H,,0,N, eS -B-acrylic acid, 1800. 
1-Hy roxy-3(2’-nitropheny])-3:4-dihydrophthalazine-4-acetic acid, 1803. 
2.(2’-Nitroanilino)isoindolinone-3-acetic acid, 1800. 

C,,H,,0.N, 4-Keto-l-ethoxy-3-phenyl-3:4-dihydrophthalazine, 1815. 

C,,.H,,0,N, 2-Nitro-4:4’-diacetyldiphenylamine, 743. 

CoH ON. B-Nitroanilinocrotononitroanilides, 112. 

5-Acetyl-1-phenyl-4’-ethylbenzotriazole, 743. 


0 

15 

oH O.N, 2-(2’-Aminoanilino)isoindolinone-3-acetic acid, 1802. 
1-Hydroxy-3-(2’-aminophenyl)-3:4-dihydrophthalazine-4-acetic acid, 1805. 

C,H, ,0 4’-Nitro-4-methoxy-2-methyldeoxybenzoin, 1126. 

C,,H,,0,N, - Se eee 743. 

C,.H,,0,N, 4’-Nitro-3-methoxy-2-methyldeoxybenzoin oxime, 1126. 

C,,.H,,0,Br Ethyl ee 721. 


C,.H,,0,8, Methyl a-p-carboxyphenylsulphonyl-a-phenylthioethanes, 20. 
C,H, 0, Methyl ee een 20. 
C,,H,,ON 4-Dimethylaminomethylbenzophenones, 895. 
C,,.H,,0. 2-Hydroxy-4-(8-hydroxyethoxy)acetophenone anil, 1099. 
C,H, 0) 4-Dimethylaminomethylbenzophenone oximes, 895. 
wN ee phenylhydrazone, 1099. 
C,,.H,,0,N a-Aminodi-(o-methoxybenzyl), 1122. 
CigHaO.N Phellandral 2:4-dinitrophenylhydrazone, 152. 
hujone 2:4-dinitrophenylhydrazone, 152. 
0,,H,,0 ; Phellandral p-nitrophenylhydrazone, 152. 
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C,,H2,0,,Br 1-Bromoacetyl tote contenant, 1023. 
C,¢H2,0,,1 1-lodoacetyl tetra-acetyl glucose, 1023. 
Cc, ,0,Ne l-Tetrahydrocarvone 2:4-dinitrophenylhydrazone, 316. 
ieHegNSi Di-m-aminodiphenyldiethylsilicane, 1091. 
C,,H,;ON, #-Di-4'-cyclohexenylacetone semicarbazone, 983. 
C,.H2»ON; 8-Di-8-cyclopentylethyl] ketone semicarbazone, 984. 
mm : Mercury di-n octylmercaptide, 1563. 
C,,HaN,Au, Ethylenediaminotetra-n-propyldicyanodigold, 1029. 


16 IV 


C,.H,ON rs 2:3:4:5-Tetrachlorobenzeneazo-8-naphthol, 1007. 

C,.H,0,.N 2:4:5-Trinitro-1-m-nitrobenzenesulphonnaphthalide, 1594. 

C,,H,0ON,Cl, 3:5-Dichlorobenzeneazo-B-naphthol, 1007. 

C,,.H,,ON,Br, 3:5-Dibromobenzeneazo-8-naphthol, 1007. 

CreHoON, C1 © at me taiciin sib OEE tL and its sul- 

te, " 

C1¢Hi00,N,C1 4’-Chloro-2’-amino-3-phenylphthalaz-1-one-4-acetic acid lactam, 1807. 

C,¢H00,N,Cl 2:5-Diketo-3-(chloronitrophenyl)isoindolinopyrazolidocolines, 1801. 

CieH100,N,S 2:4-Dinitro-1-m-nitrobenzenesulphon-naphthalide, 1593. 

C,¢Hi,0,N,8 5-Nitro-1-m-nitrobenzenesulphon-naphthalide, 1594. 

eH ee eee 473. 

C,.H,,0,N,Cl 4’-Chloro-2’-acetamido-3-phenylphthalaz-l-one, 1806. 
2-(4’-Chloro-2’-aminoanilino)isoindolinone-3-acetic acid lactam, 1803. 
2:5-Diketo-3-(4’-chloro-2’-aminopheny]l)isoindolinopyrazolidocoline, 1802. 
1-Hydroxy-3-chloro-2’-aminopheny]-3:4-dihydrophthalazine-4-acetic acid lactam, 1805. 

C,.H,,0,N.8 m-Nitrobenzenesulphon-1-naphthalide, 1593. 
m-Nitrobenzenesulphon-naphthalides, and their salts, 1856. 

C,.H,,0,N,Cl Benzo-4’-chloro-2’-nitrophenylhydrazide-2-8-acrylic acid, 1800. 
2.(Chloronitroanilino)isoindolinone-3-acetic acids, 1800. 
1-Hydroxy-3-(4’-chloro-2’-nitropheny])-3:4-dihydrophthalazine-4-acetic acids, 1803. 

C,.H,,0,N,Br 1-Hydroxy-3-(2’-bromo-4’-nitropheny])-3:4-dihydrophthalazine-4-acetic acid, 1135. 

1¢HL13 Methenyfovyliem ferrichlorides, 87. 

C,.H,;0 4-Carboxy-2-nitropheny]l 4-acetoxy-m-tolyl sulphide, 1237. 

C,,H,;0,N,8 Benzaldehyde-2’-nitrophenylhydrazone-w-sulphonic-2-8-acrylic acid, sodium salt, 1800. 
3-(2’-Nitrophenyl)-3:4-dihydrophthalazine-1-sulphonic-4-acetic acid, sodium hydrogen salt, 1803. 

C,.H,,ON. B-Chloroanilinocrotonochloroanilides, 114. 

C,.H,,0. ci 2-(4’-Chloro-2’-aminoanilino)isoindolinone-3-acetic acid, 1802. 
1-Hydroxy-3’-(chloro-2’-aminopheny])-3:4-dihydrophthalazine-4-acetic acids, 1805. 

C,,.H,,0,N,Br 1-Hydroxy-3-(2’-bromo-4’-aminopheny])-3:4-dihydrophthalazine-4-acetic acid, 1136. 

C,,H,,0,NCl, Acetyl derivative of dl-isodi-o-chlorophenylhydroxyethylamine, 1123. 

C,.H,,0,N,8i Di-m-nitrodiphenyldiethylsilicane, 1091. 

C,.H,,0,N,Sb Benzyltrimethylstibonium picrate, 399. 

Cie ON As Pimelanilo-n-propylamide-p-arsonic acid, and its sodium salt, 292. 

C,,H.,0,N Ethyl p-arsonosuberanilate, and its sodium salts, 292. 


CieH,,0.NAs Suberanilodimethylamide-p-arsonic acid, and its sodium salt, 293. 
Subera 


u niloethylamide-p-arsonic acid, and its sodium salt, 293. 
C,.H,.C1.S,Pd Bis(dibutylsulphide)palladium dichlorides, 1558. 


16 V 


C,,H,,.0,N,Br.8 2:4-Dibromo-1-m-nitrobenzenesulphon-naphthalide, 1594. 
a : OF 1-p-Bromopheny]-3-methy]-4:5-thionaphthenopyrazole dioxide, 473. 
C,.H,,0,N,BrS 4-Bromo-1-m-nitrobenzenesulphon-naphthalide, 1594. 
1¢f320,N,CIS Benzaldehydechloronitrophenylhydrazone-w-sulphonic-2-8-acrylic acids, sodium salts, 
1800. 


3-(4’-Chloro-2’-nitropheny])-3:4-dihydrophthalazine-1-sulphonic-4-acetic acid, sodium hydrogen salt, 1803. 
C,,H,,0,N,BrS 3-(2’-Bromo-4’-nitropheny])-3:4-dihydrophthalazine-1-sulphonic-4-acetic acid, sodium 
hydrogen salt, 1135. 
C,,.H,,0N 3-Hydroxy-2-acetyl-1-thionaphthen-p-bromophenylhydrazone, 473. 
C,,H,,0,N.8.Pd Bis(di-n-butylsulphide)palladium dinitrite, 1559. 


C,, Group. 
C,,H,., 3:4-Benzfluorene, 1322. 


17 
C,,H,,0, 3’-Phenyl-7:6-furocoumarin, 815. 
C,,H,.0, 2-(3’-Carboxy-4’-hydroxybenzylidene)-1-hydrindone, 945. 
7-Phenacyloxycoumarin, 815. 
C,,H,,0, Methoxychromenochromones, 7-hydroxy-, 994. 
C,-H,,0, 2:7-Dimethoxyphenanthrene-9-carboxylic acids, 1341. 
7-(B-Hydroxyethoxy)fiavone, 1100. 
C,,H,,O0 1-Hydroxy-1-phenyl-2:3-dimethylindene, 1161. 
2-(B-1’-Nap thylethyl)-d*-cyclopentenone, 1571. 
C,,H,,0, 2-Phenylbenzopyranol 4-ethyl ether, 1164. 
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17 I-17 IV Formula Index. 


C,,H,,0, 7-(8-Hydroxyethoxy)flavanone, 1100. 
2-Hydroxy-4- (B- hydroxyethoxy)chalkone, 1100. 
17H,,0,; 0-Acetylphenyl 2:4-dimethoxybenzoate, 869. 
2-Benzoyloxy-4-(B-hydroxyethoxy)acetophenone, 1099. 
2:2’-Dihydroxy-4-( ‘hydroxyethoxy)chalkone, 1101. 
C,,H,,0, Methoxyphenoxyacetic acid-2-resacetophenones, 994. 
1730, 4-Methoxydimethyldeoxybenzoins, 1125. 
C,,H,,0, Ethyl (+ )phenyl-p- rs 154. 
C,,H,,N p-isoPropylbenzylidenebenzylamine, 1849. 
17 s 1-Keto-2- pore big an “os a manna 1539. 
C,,H.0,, Methyl n-pentane-affyee-hexacarboxylate, 
17s 8-(B- Diothhaantnocthytensthylomineesthytpauimeline, and its trihydrobromide, 1425. 
17H0, a-Santalylacetic acid, 313. 


C,,H,,.0; hee y-keto-e-teresan lhexoate, 314. 
C,,H,,0, Ethyl 3:7-dimethyl-[0:3:4-bicyclojnonan-2-one-3:4-dicarboxylate, 479. 


17EdaeU 5 
C,,H,,0, Dihydro- a-santalylacetic acid, 314. —_— 
C,,H,,ON N-Phenylnaphthastyril, 318. 
C,,H,,0,N Acetoxypropionitriles, 405. 
C,,H,,0.8 — 8-carboxy-1l-naphthy] sulphide, 318. 
C,,H,,0,Cl, Dichloroanthronylpropionic wae 1103. 
mm : . 6-Bromo-7-(p- bromoethoxy)flavone, 1100. 
C,,H,,0,8 Phenyl 8-carboxy-l-naphthyl sulphoxide, 319. 
17H,,0,N, 2-Nitro-4-benzamido-l-naphthol, 673. 
17H, 1-Anilino-a-naphthaselenazole, 1766. 
C,,H,,0;N, 5-Keto-2-phenyl-4-(2’-nitro-5’-methoxybenzylidene)-4:5-dihydro-oxazole, 1267. 
6-Bromo-7-(8-hydroxyethoxy)flavone, 1100. 
3-Acetyloximino-2-phenylmethylindolenines, 1211. 
2:3-Dimethylindenone 2:4-dinitrophenylhydrazone, 1161. 
a : OF Methyl-8-1-anthraquinonyloxyethylsulphone, 1237. 
17H,,40,N, 2-Nitro-a-benzamido-5-methoxycinnamic acid, 1267. 
C,,H,,N.Se #-Phenyl-8-naphthylselenourea, 1766. 
C,,H,,0,N 3:6-Diacetyl-9-methylcarbazole, 742. 
Phthalo-y-phenylpropylimide, 1362. 
C,,H,,0.N, 2’-Acetamido-3-phenyl-4-methylphthalaz-l-one, 1808. 
1-Keto- 3-(2’-aminophenyl)-2-methyltetrahydrophthalazine-4-acetic acid lactam, 1804. — 
0,.H,,O.N, 3:6-Diacetamidonaphthalomethylimide, 499. 
5-Bromo-2-hydroxy-4-(8-hydroxyethoxy)chalkone dibromide, 1100. 
7” 00 4- oh oe oxy-2-ethylacetophenone p-nitrobenzoate, 302. 
C,,H. 6 ox, eto-3-(2’ Sito omy 2-methyltetrahydrophthalazine-4-acetic acid, 1804. 
C,,H, ,0 Ethyl r-o-nitrobenzoylmandelate, 107. 
Nitro 2-hydroxy-4-(8-hydroxyethoxy)chalkone, 1101. 
2 Niteo-5- methoxy-a-(m-methoxypheny]l)cinnamic acid, 1541. 
CHO. 5-Methyl-a-tetralone 2:4- dinitrophenylhydrazone, 999. 
C,,H,,0,N, y-m- ne propyl 3:5-dinitrobenzoate, 435. 
ae wt 2-(B-1’-Naphthylethyl)- . “ome oxime, 1571. 
1:2:3:4-Tetrahydro-6- naphthanilide, 80 , 
C,,H,,0,N 2-Amino-5-methoxy-a-(m-methoxypheny])cinnamic acid, 1541. 
p-sec.-Butylphenyl p-nitrobenzoate, 140. 
3:4-Diethylphenol p-nitrobenzoate, 302. 
C,,H,,0,N, p-tert.-Butylbenzaldehyde p-nitrophenylhydrazone, 1848. 
oon; 2-methyldeoxybenzoin semicarbazone, 1 1125. 
C,,H,,0,N, Di-o-methoxydeoxybenzoin semicarbazone, 1122. 
‘Di-o-methoxy phenylacetaldehyde semicarbazone, 1122. 
C,,HyO,N, 4:4’-Bisethylnitrosoaminodiphenylmethane, 57. 
C,,H,,0,N, Carvomenthyl Salieehannetien, 1140. 
C,,H,,0,N Carvomenthyl nitrobenzoates, 1140. 
7H iN Benzoy]l-l- isocarvomenthylamine, 1143. 
C,,H,,0,.N Lettocine, and its salts, 734. 
C,,H,,0,N Ethyl a-cyano-1- carbethoxycyclopentane- 2-succinate, 47€ 
7 Bromotetrahydrosantalylacetic acid, 314. 
C..H.,.0,N; Ethyl 1-n-octyleyclopentan-2-one-1- carboxylate semicarbazone, 1542. 


17 IV 


C,,H,,0N,Br, 4:6-Dibromo-m-tolueneazo-f-naphthol, 1620. 
C,,H,,ON. 6-Bromo-m-tolueneazo-f-naphthol, 1620. 
: vO 28 2-o-Nitroanilino-l-naphthyl methyl mae. 188. 
O.N,Cl 4’-Chloro-2’- eoctenniie- 3-phenyl-4-methylphthalaz-l-one, 1808. 
“ie to-3-(4’-chloro-2’-aminopheny])-2-methyltetrahydrophthalazine-4-acetic acid lactam, 1804. 
0,,H,,0.§.S 2-Nitro-1-p-toluenesulphon-naphthalide, 15 
17H,,0;N,Cl 1-Keto-3-(chloro-2’-nitrophen i). 2- methyltetrahydrophthalazine-4-acetie acids, 1804. 
17H,,0,N,Br 1-Keto-3-(2’-bromo-4’-nitropheny])-2-methyltetrahydrophthalazine-4-acetic acid, 1136. 
Methyl 1-hydroxy-3-(2’-bromo-4’-nitropheny])-3:4-dihydrophthalazine-4-acetate, 1136. 
C,,H,,0,N,Cl 1-Keto-3-(4’-chloro-2’-aminopheny])-2-methyltetrahydrophthalazine-4-acetic acid, 1804. 
1968 
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:7H,,0.N, 
17H,,0, 4 
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Formula Index. 17 IV—18 Ill 





C,,H,,0,N,8 2:4:3’-Trinitro-4’-piperidinodiphenylsulphone, 538. 
Benzenesulphonylcytisine, 1054. 
4-Dimethylaminomethylbenzophenone methiodides, 895. 


17 Vv 


C,,H,,0,N,BrS 3-Bromo-1:6-dinitro-2-p-toluenesulphon-naphthalide, 1596. 
C,,H,,0,N.Br8 2-Bromonitro-p-toluenesulphon-naphthalides, 1594. 
C,,H,,0O,NBrS 3-Bromo-2-p-toluenesulphon-naphthalide, 1595. 
C,,H,,0,NIS 1-Iodo-2-p-toluenesulphon-naphthalide, 1596. 

C,,H,;0.N,BrS 3-Bromo-2-p-toluenesulphon-1:2-naphthylenediamine, 1595. 






174418 


17 










C,, Group. 








C,sHi, 9-Methyl-1:2-cyclopentenophenanthrene, 444. 
C,.H,, 2-Methyl-1-allyl-3:4-dihydrophenanthrene, 1635. 
2-Methyl-1-n-propylphenanthrene, 1633. 
C,sH2) 4:5-Benzhydrindene-1-spirocyclohexane, 1637. 
C,;H.. aa-Diphenyl-8-methylpentane, 1219. 
1sH2, Dodecahydro-1:2-benzanthracene, 769. 
1-(B-5’-Tetralylethyl)-4!-cyclohexene, 1636. 










18 0 





C,,H,0, 8:11-Ketobenzanthrone, 575. 
sH,O, 11-Hydroxybenzanthrone-8-carboxylolactone, 575. 
1:9-Benzanthrone-8-carboxylic acid, 572. 


1 3 
C,sH,0; 








C,H, 20. 
C,.H,,0, 
C,sH,.02 
C,.H,.0; 


1 167 


C,sH.0: 

184418U3 
4’-Meth 

C,.H,,05 













C,sHi20, 


1844189 






Cis. 
me 
C,,H.,0, 


C,.H220; 
C,sH220, 








0, 


C,, 
1 4“4 
18HL240;2 


1 4 
C,-H.N; 














8-(0-Carboxypheny]l)-1-naphthoic acid, 572. 
w-B-Naphthyl-o-toluic acid, 1031. 
1-Acetoxy-3-phenyl-2-methylindene, 1160. 
4’-Methoxy-7-(B-hydroxyethoxy)flavone, 1101. 

apoToxicarol, constitution of, 681. 
2-Phenyl-3-methylbenzopyranol 2-ethyl ether, 1164. 

a acinar 1416. 
oxy-2-phenylbenzopyranol 4-ethyl ether, 1164. 
2-Hydroxy-4-(B-hydroxyethoxy)-4’-methoxychalkone, 1100. 


B-Veratroyl-a-phenylpropionic acid, 1415. 


O-Trimethylcyanomaclurin, 754. 

4:5-Dimethoxyphenoxyacetic acid-2-phloracetophenone, 683. 

eer 1-methyl-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 455. 
3-Keto-7-methoxyhexahydro-1:2-cyclopentenophenanthrene, 1288. 
a-Phenyl-y-veratrylbutyric acid, 1416. 

aa-Diphenyl-8-methyl-n-amy] alcohol, 1218. 


etodecahydro-1:2-benzanthracene, 768. 


Dodecahydro-5:6:7:8-dibenz-1:4-naphthaquinone, 1106. 
B-6-as-Octahydrophenanthroylpropionic acid, 768. 
3:3’-Dimethoxyhydrobenzoin aa’-dimethyl ether, 1537. 


C,,H.,N Benzylidene-p-tert.-butylbenzylamine, 1848. 
p-tert.-Butylbenzylidenebenzy!amine, 1848. 

C,sH..8 Di-(a-benzylethyl) sulphide, 1084. 
(—)B-Phenylisoprop 


1 disulphide, 1083. 

y-6-as- stalkpdvephansntiey/iniagds acid, 768. 

Carvomenthyl hydrogen phthalates, 1140. 

Methyl cyclohexane-1:1:4:4:5-hexacarboxylate, 192. 

a- and £-Santalylmalonic acids, 313. 
8-(8-Diethylaminodiethylaminomethyl)quinoline, and its salts, 1425. 
B-Keto-8-hydroxy-6-(2:2:6-trimethyl-4*-cyclohexeny])-¢-methyl-4©7-octadiene, 587. 
Licanic acids, 1632. 

2-( Sy gece wed py a 1-n-octyl-41-cyclopentene, 1543. 

Ethyl 1-carbethoxy-4-methylcyclohexane-2-succinate, 479. 

Ethyl B-methylpentane-8d3e-tetracarboxylate, 1128. 
1:2-cycloHexanediol-l-menthoxyacetates, 1271. 
Di-n-butyldiamyl-lead, 42. 

n-Propyltri-n-amyltin, 41. 

18 I 





C,.H,,0;N, 3-Nitro-6-dinitrophenylphenoxazine, 1313. 
uH.,0,,N, 2’:4’-Dinitro-2-picrylaminodiphenyl ether, 1311. 
1 ON ; ON-Bis-2:4-dinitrophenyl-o-aminophenol, 1313. 

C,sH,,0,N, 5-Keto-2-phenyl-4-(2’-nitro-5’-acetoxybenzylidene)-4:5-dihydro-oxazole, 1267. 

C,.H,,0,N, 1- and (—)-o-8-Naphtholazomandelic acids, 107. 

C,,H,,0,8 1-Anthraquinonyl f-acetoxyethyl sulphoxide, 1237. 

C,.H,,O,S 1-Anthraquinonyl-f-acetoxyethylsulphone, 1236. 

C,,H, ,0.Br cis-B-p-Bromophenyl-a-1-hydroxyhydrindene-2-propionolactones, 16. 

C,.H,,0,N 3:6:9-Triacetylcarbazole, 742. 

C,,.H,,0,N, 2:5-Diketo-3-(2’-acetamidopheny])isoindolinopyrazolidocoline, 1801. 
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18 II—19 1 Formula Index. 


1-Ketotetrahydrocarbazole p-nitrophenylhydrazone, 976. 
trans-B-p-Bromophenyl-a-1-hydroxyhydrindene-2-propionic acid, 16. 
Methyl! 1-keto-3-(2’-nitrophenyl)-2-methyltetrahydrophthalazine-4-acetate, 1804. 
Nitro-8-veratroyl-a-phenylpropionic acid, 1415. 
2:3-Bisdichloroacetyl benzylidene a- and B-methylglucosides, 1180. 
2-(B-1’-Naphthylethyl)-4?-cyclopentenone semicarbazone, 1571. 
200,N, Dibenzylisobutylenediamine, 843. 
C,sH.»0;N, 8-p-Anisidinocrotono-p-anisidide, 113. 
C,,H.,0,8 Ethyl d-(-+)-8-p-toluenesulphinoxy-8-phenylpropionate, 1666. 
C,.H,.ON 4-Diethylamino-3-methylbenzophenone, 896 
C,sH,,0,N a-Acetamidodi-(o-methoxybenzyl), 1122. 
C,,H,,0,N Acetyl derivative of isodi-o-methoxyphenylhydroxyethylamine, 1121. 
1sH2,0,N, Ethyl phenylenebis-8-aminocrotonates, 1569. 
1sHes Retrorsine, and its salts, 13. 
C,sH.,0,N, 1:3-Di-(a-methyl-48-pentenyl)-7-methylxanthine, 1366. 
C,,H,,0,N = benzy1-8-dimethylaminoethylmalonate, hydrochloride of, 724. 
C,;H.,0;N, 8-Keto-5-teresantalylbutylmalonic acid semicarbazone, 313. 
C,,H.,0,N, Methyl y-keto-e-teresantalylhexoate semicarbazone, 314. 


18 IV 


C,,H,ON,Br, 3:5-Dibromobenzeneazophenols, 1006. 
C,sH,oON,Cl, 3:5:3’:5’-Tetrachloro-2:4-bisbenzeneazophenol, 1006. 
C,,H,,ON,Br, 3:5:3’:5’-Tetrabromo-2:4-bisbenzeneazophenol, 1006. 
C,,H,oON,S Thiolhydroxyphenanthrapyrimidazine, 469. 
C,.H,,0,N,;S 2-Nitro-2’-picrylamidodiphenyl sulphoxide, 186. 
C,,.H,,0,N,Cl 2:5-Diketo-3-(4’-chloro-2’-acetamidopheny])isoindolinopyrazolidocoline, 1802. 
C,.H,,0,N.8, 2-Nitro-2’-benzenesulphonylaminodipheny] sulphide, 184. 
C,.H,,0,N,As 5:5’-Arsenocarboxymethylbenziminazole, 156. 
C,,.H,,0,N.8, 2-Nitro-2’-benzenesulphonamidodiphenylsulphone, 185. 
C,.H,,0,N,Br 1-Acetoxy-3-(2’-bromo-4’-nitropheny]-)3:4-dihydrophthalazine-4-acetic acid, 1136. 
C,.H,,0,.N,As, 5:5’-Arsenocarbamylmethylbenziminazole, 157. 
C,,H,,0,N,Br 1-Acetoxy-3-(2’-bromo-4’-aminopheny])-3:4-dihydrophthalazine-4-acetic acid, 1136. 
C,,H,,0;N;,Cl Methyl 1-keto-3-(chloro-2’-nitropheny])-2-methyltetrahydrophthalazine-4-acetates, 1804. 
i1sH,,0;N,Br Methyl 1-keto-3-(2’-bromo-4’-nitrophenyl)-2-methyltetrahydrophthalazine-4-acetate, 1136. 
C,,.H,,.N.Cl,Fe Quinolinium ferrochloride (-+2H,0), 116. 
C,,H,.N,Br,Fe Quinolinium ferrobromide (-+2H,0), 116. 
C..H,,0,NCl, Diacetyl derivative of dl-isodi-o-chlorophenylhydroxyethylamine, 1123. 
C,sH,,ON,I p-Acetamidobenzyltrimethylammonium iodide, 872. 
1sH,,ON,Si Tri-m-aminotriphenylsilicol, 1087. 
C,sH2o0,N,Se, Bis-o-urethanopheny] diselenide, 1765. 
C,,H..0,N,As Benzyldimethylallylarsonium picrate, 398. 
1sH.,0;N,As Benzyldimethyl-n-propylersonium picrate, 397. 
Benzylmethyldiethylarsonium picrate, /398. 
C,,H,,0,N,As Benzylmethyldiethylarsonium styphnate, 398. 
C,,H,,;0,NS p-Toluenesulphonyl-f-anilino-y-methylbutane, 1280. 
CH NT ee meso-Stilbenediaminoisobutylenediaminoplatinous chlorides, 843. 
C,,H..N, meso-Stilbenediaminoisobutylenediaminoplatinous iodides, 843. 
C,sH3o0,N,Pt Stilbenediaminoisobutylenediaminoplatinous hydroxide, salts, resolution of, 839. 
C,sH;.N.S,Ni Nickel N N-di-n-butyldithiocarbamate, 624. 
1 2P,Pd Bis(tri-n-propylphosphine)palladium dichloride, 1560. 
C,.H,,Cl,As,Pd Bis(tri-n-propylarsine)palladium dichloride, 1561. 
C,.H,,Br,As,Pd Bis(tri-n-propylarsine)palladium dibromide, 1561. 


18 V 
C,,H,,0,N,C1 Nickel eee ee 623. 
C,,H,,0,N.P Bis(tri-n-propylphosphine)palladium dinitrite, 1560. 
18 VI 
C,,H,,0,N,CISHg 2-0-Nitrophenylbenzenesulphonamidophenyl! mercurichloride, 187. 


C,, Group. 

C,oH,, 2-Methylnaphthacene, 80. 
10H,, Triphenylmethane, parachor of, 207. 

C,,H,, 9:3’-Dimethyl-1:2-cyclopentenophenanthrene, 445. 
2-Methy]-1:2:3:4-tetrahydronaphthacene, 82. 

CoH.» 2-Methyl-1-4¥-butenyl-3:4-dihydrophenanthrene, 1635. 

C,oH,, 1:9-Dimethyl-1:2-cyclopentano-1:2:3:4-tetrahydrophenanthrene, 444, 
2-Methyl-(8-1’-naphthylethyl)-4!-cyclohexene, 671. 
Methyloctahydrochrysene, 671. — 


C,.H,,0, Methyl benzanthrone-8-carboxylate, 574. 
C,oH,,0 Substance, from a-hydrindene and 1-bromo-2-naphthylmagnesium iodide, 771. 
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Formula Index. 


C,,H,,0, 2-Hydroxynaphthylideneacetophenone, 1164. 
C,9H,,0, 1-Acetyl-2-naphthyl benzoate, 870. 
a-Naphthaflavone, 870. 
C,,H,,0, Methyl hydrogen 8-(0-carboxypheny])-1-naphthoate, 572. 
Ci.H140, Stictic acid, 1380. 
C,oH,,0, Ethyl 2-(3’-carboxy-4’-hydroxybenzylidene)-1-hydrindone, 945. 
C,9H,,0; 7-(8-Acetoxyethoxy)flavone, 1100. 
19H;60, 5:7:8’-Trimethoxychromenochromone, 996. 
CioH1,0,9 Stictinic acid, 1381. 
C,9H,,0 7-Methoxymethyl-1:2-cyclopentenophenanthrenes, 450, 453. 
C,oH,,0, 1:4-Dimethylanthranylpropionic acid, 1103. 
1-cis-y-Phenyl-a-1-hydroxyhydrindene-2-butyrolactones, 15. 
C,,;H,,0,; 1:4-Dimethylanthronylpropionic acid, 1103. 
C,.H,,0, 2-Hydroxy-4-(8-acetoxyethoxy)chalkone, 1100. 
:9H,,0, 2’-Hydroxy-4’-(B-acetoxyethoxy)flavylium hydroxide, and its salts, 1100. 
C,oH,,0, O-Trimethylpeltogynic acid, 751. 
C,,5H..0 6-Benzoyl-2:7-dimethyl-1:2:3:4-tetrahydronaphthalene, 82. 
6-(2’:4’- Dimethyl)benzoy]-1:2:3:4-tetrahydronaphthalene, 80. 
C,9H0; trans-y-Phenyl-a-1-hydroxyhydrindene-2-butyric acid, 15. 
ay-Dianisoylpropane, 856. 
Methyl 8-veratroyl-a-phenylpropionate, 1415. 
O-Trimethylpeltogynol, 749. 
6-Methoxyphenoxyacetic acid-2-O0-dimethylphloracetophenones, 996 
C,.H..0, Equilin methyl ether, 451. 
2-Keto-10-methoxydecahydrochrysene, 1287. 
C,,H.2N, a-Diethylamino-5-aminopentane, and its dipicrate, 1409. 
C,,.H.,0 a-Methoxy-aa-diphenyl-8-methylpentane, 1218. 
C,,H,,0, Ethyl 5-phenyl-n-butene-afy-tricarboxylate, 1360. 
C,,H.,N, 8-(8-Piperidinodiethylaminomethyl)quinoline, trihydrobromide of, 1426. 
C,.H,,0, Ethyl B-hydroxy-{-(2:2:6-trimethyl-A*-cyclohexenyl)-8-methyl-A»*-hexadiene-a-carboxylate, 586. 
Methyl licanate, 1633. 
C,.H,.0, Ethyl 1-carbethoxy-4-methylcyclohexane-2-a-glutarate, 478. 
Ethyl 1-carbethoxy-4-methylcyclohexane-2-a’-methylsuccinate, 479. 


19 


C,oH,,0,N, 2’:4-Dinitro-2-hydroxydiphenylamine o-nitrobenzoate, 1311. 
2’:4’-Dinitro-2-o-nitrobenzoylaminodipheny] ether, 1311. 
C,,.H,,ON 2-Benzoylcarbazole, 744. 
C,,H,,0As 10-Phenyl-2-methylphenoxarsine, 1052. 
C,,H,,0,N, 4-Methoxycinnamylidenepyruvic acid 2:4-dinitrophenylhydrazone, 1053. 
C,,.H,,ON 4-Benzoyldimethyl-a-naphthylamine, 896. 
3:6-Dimethyl-2-naphthanilide, 79. 
C,,H,,0,N 3:11-Dimethoxyoxyprotoberberine, 294. 
C,,H,,0,N 6:7:3’:4’-Bismethylenedioxy-8:6’-methylene-1:2:3:4-tetrahydroprotopapaverine, 666. 
C,.H,,0 Soke Oe eae Oe Se ne nee 665. 
C,>H,,0 4-Benzoyldimethyl-a-naphthylamine oxime, 896. 
C,,H,.0,N. 6-8-Piperonylethylaminomethylhomopiperonylonitrile, 665. 
C,.H,,0,N, (-Phenyl-4*-hexenol 3:5-dinitrobenzoates, 432. 
C,,H,,0,Br, Bromocyanidin tetramethyl ether bromide, 428. 
C,,H,,0,.B, Methylnaphthazarin diboroacetate, 335. 
C,9H,,0. Phthalo-p-tert.-butylbenzylimide, 1848. 
C,9H,,0,N Team air tt and 6’-methyl-1:2:3:4-tetrahydroprotopapaverines, and their 
picrates, 666. 
5-Methoxyhomophthalo-8-m-methoxyphenylethylimide, 294. 
C,,5H,,0;N 6-Methylhomopiperonyl-8-piperonylethylamine, 666. 
C,,H,,0,C1 0-Tetramethylfisetinidin chloride, 751. 
C,,H,,0,N 6-Hydroxymethylhomopiperonoyl-8-piperonylethylamine, 665. 
C,.H,,0,N Dibenzoylvalinol, 414. 
C,,H.,0;N 5-Methoxyhomophthalo-8-m-methoxyphenylethylamic acid, 294. 
C,,.H,,0.N, Apoquinidine, 969. 
i00A uinine, and its salts, 967. 
C,,H..N,Br 3-Bromo-9-8-diethylaminoethylaminophenanthridine, and its salts, 1409. 
C,,H,,0,N, Hydroxydihydroapoquinine, 968. 
C,,H,,0,N, 3-Methyl altrosazone, 1200. 
5- ethyl glucosazone, 1400. 
C,,H.,0,N Ethyl 1-carbethoxy-4-methylcyclohexane-2-a-cyanosuccinate, 479. 
C,,H,,0,N, Licanic acid semicarbazones, 1633. 


19 IV 


C,,.H,,0,N,C1 5-Chloro-2’:4’-dinitro-2-hydroxydiphenylamine nitrobenzoates, 1312. 
4C oro-2’:4’-dinitro-2-nitrobenzamidodipheny] ethers, 1312. 


C,,H,,0,N,Br 5-Bromo-2’:4’-dinitro-2-hydroxydiphenylamine nitrobenzoates, 1311. 
4-Bromo-2’:4’-dinitro-2-nitrobenzamidodipheny ethers, 1312. 
C,,H,,0,N,I 5-Iodo-2’:4’-dinitro-2-hydroxydiphenylamine o-nitrobenzoate, 1311. 
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19 IV—20 I Formula Index. 


Cc 0 3-Nitro-6-benzoylthiodiphenylamine, 342. 
oT NE 4-Bromo-2’:4’- Jinitro- z benzamidodiphenyl] ether, 1312. 
C,,H,,0,N,S 2-Benzamidophenyl picryl sulphide, 342. 
Benzenesulphonimidoxanthen, 532. 
C,H, ,0,N,8 2:4-Dinitro-2’- earner -ern. par Ht sulphide, 342. 
Nitro-2’-0- nitrobenzoylaminodiphenyl sulphide, 184. 

C,,H,,0,N.S 2-Nitro-2’- emer a sulphide, 341. 

C,.H,,0;N,.8 2-Nitro-2’-benzamidodiphenylsulphone, 342. 
5-Nitro-1-p-hydroxyphenyl-2-phenylbenzthiazoline S-dioxide, 1265. 

GH 060.8 2-Aceto-o-nitroanilido-1-naphthyl methyl —— 187. 
C,,H,,0,N,8, 2-0-Nitroanilinobenzenesulphonylphenylmethylsulphone, 186. 
2-Nitro-2’ -benzenesulphonylmethylaminodiphenylsulphone, 185. 

C,,H,,0N,Cl a- and a’-Chlorodihydrocinchonidines, and their salts, 1097. 
a- and a’- -Chlorodihydrocinchonines, and their salts, 1096. 

CroHaOoN As, Pimelanilido-pp’-diarsonic acid, and its disodium salt, 292. 

C,,H,,0,.NS p-Toluenesulphonamido-tert.-hexylbenzene, 1281. 


19 V 


C,,H,,0,N,IS 2-0-Nitrophenyl- 1-phenylthiazolinium iodide, 1264. 
C,,.H,,0,N,BrS 5-Bromo-2’:4’-dinitro-2-hydroxydiphenylamine p-toluenesulphonate, 1311. 
C,oH,,0.NIS 3-lodo-p-toluenesulphonamidodiphenyls, 1596. 


C,, Group. 


C,,H,, Cholanthrene, synthesis of, 667, 770. 
C.,.H,, 2:7-Dimethylnaphthacene, 77. 
CyoH,, 1:2:3:4-Dicyclopentenoanthracene, 1107. 
3:4: :3': 4’-Tetrahydro-1:1’-dinaphthyl, 1107. 
C,H... 2:6- and 2:7-Dimethyl- Fwy hie EE 82. 
C..H,, 1:9:3’-Trimethyl-1:2-cyclopentano-1:2:3:4-tetrahydrophenanthrene, 444. 
C.oH,, 2:11-Dimethylchrysene, 1414. 
Dodecahydrocholanthrene, 769. 


20 I 
C..H,,0, 1:2-Benzanthraquinonyl-5-acetic acid, 771. 
140, 2:7-Dimethylnaphthacene-9:10-quinone, 80. 
CooH,,0, 2’-Methoxy-8-naphthaflavone, 870. 


460, _1:2:3:4-Dicyclopentenoanthraquinone, 1107. 
B- i: Hydrindyl-a-naphthoic acid, 771. 
C..H,,0, 1-Acetyl-2-naphthyl o-methoxy benzoate, 870. 
Methyl 8-(0-carbomethoxyphenyl)-1-naphthoate, 571. 
C.oH,,0 2-p-Toluoyl-3:6-dimethylnaphthalene, 79. 
C.oH,,0, 2:11-Diketo-6:15-dimethoxyhexahydrochrysene-a, 1413. 
2:11-Diketo-5:14-dimethoxyhexahydrochrysene-b, 1413. 
C..H,,0, Anthronylidenedipropionic acid, 1103. 
2oH;,0, 4’-Methoxy-7-(8-acetoxyethoxy)flavone, 1101. 
C..H,,N, N-Benzhydryl-N’-phenylformamidine, 1219. 
7-Methoxy-3:3’-dimethyl]-1:2-cyclopentenophenanthrene, 450. 
C.oH..0, “Tetrahydro- 1:2:3:4-dicyclopentenoant uinone, 1107. 
CooHao®s 2-(8-Benzoyl-a-o-hydroxyphenylethyl)cyclopentanone, 1118. 
0, 6:7-Dimethoxy-1-(3’:4’- a enyl)naphthalene, 640. 
“T 2-cycloHexanediol dibenzoates, 1271. 
C.oH.O, 2-Hydroxy-4-(f-acetoxyethoxy)-4’-methoxychalkone, 1100. 
C.oH,,0 p- “Toluoyldin methyl-1:2:3:4- tetrahydronapht alenes, 82. 
CooH,,0, 1:1’-Dihydroxyoctahydro-1:1’-dinaphthyl, 1107. 
6:15-Dimethoxyhexahydrochrysene, 1413. 
5:14-Dimethoxyhexahydrochrysene-6, 1413. 
C..H,,0, Ethyl 2-8-napht fo oe ee me tang 1322. 
C.,.H,,0, Butyl hydrogen diphenylsuccinates, 158. 
5:8- Dihydro-5:6:7:8-dicyclopentenonaphthaquinyl diacetate, 1106. 
CoH,,0, By-Dianisyladipi se coll 1413. 
By- Di-3-methoxy Leoleiaaee: acid, 1413. 
0- Seteamnatietechoanadh, 749. 
CroHas0e 4:5-Dimethoxyphenoxyacetic acid-2-(2’:4’-O-dimethyl)phloracetophenone, 684 
2oH.,0 Ketododecahydrocholanthrene, 769. 
Ne "iMothoxy 1, :3’-dimethy]-1:2:3:4-tetrahydro-1:2- pentenophenanthrene, 453. 
1-(B-6’-Methoxy-1’-naphthylethyl)-2:5-dimethyl-4'-cyclopentene, 453. 
O, Dodecahydro-1:2-benzanthryl-5-acetic acid, 769. 
C..H, Methyl] 2-8-1’-naphthylethyl-1-methylcyclopentan-2-ol-1-carboxylate, 1531. 
CyH.O 2:5- Dimethyl. 1-8-(4-methyl-1-naphthyl)ethyleyclopentan-1l-ol, 444. 
ea al-Di-p-anisylhexane, 1092. 
8-(B- er WE OW ee oe and its trihydrobromide, 1426. 
CoH PS Tetra-n- and -dl-amyl-lead, 4 
C.oH,,8n Tetra-amyltin, 41. 
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20 I 


C.oH,,0,Br, 4:6-Dibromoresorcinol dibenzoate, 948, 
ooHLis yA ey Fe eee Ye my 499. 
C2oH,;0,N, 2-Nitro-1-hydroxynaphthalene-4-azo-8-naphthol, 673. 
30 O.0Ns 2’:4’- Dinitro-5-acetodinitroanilido-2-hydroxydiphenylamine, 198. 
C..H,;0,N Nitrobenzoylphenyl p-tolyl ethers, 1238. 
C.H,;0;,N; 2-Nitro-5-benzyloxybenzaldehyde 2:4-dinitrophenylhydrazone, 1266, 
C..H,;N,C1 7-Chloro-2:3-diphenyl-5-ethylpyrimidazine, 1284. 
aE he 1:2-cycloHexanediol bisdinitrobenzoates, 1271. 
C..H,.N.Se, Bis-2-amino-a-naphthyl diselenide, 1766. 
C.oH,,0,;N; 2-Nitro-5-benzyloxybenzaldehyde phenylhydrazone, 1266. 
C2 oH, :N. N-Benzhydryl-N’-p-chlorophenylformamidine, 1219. 
C.oH,,0,Cu Copper benzoylacetonate, 733. 
130,N, 1:2-cycloHexanediol dinitrobenzoate-benzoates, 1271. 
CxoH,.0,Br trans-8-p-Bromophenyl-a-1-acetoxyhydrindene-2-propionic acid, 16. 
On 5:6- Dimethoxyhomophthalo-8-piperonylethylimide, 294. 
¢-Phenyl-5-methy]l- ve -hexen-5-ol 3:5-dinitrobenzoate, 432. 
CooHeo 200 »N, {¢-m-Methoxyphenyl-4¢-hexen-y-ol 3:5-dinitrobenzoate, 435. 
CyH,,0,N 6-Methoxymethylhomopiperonyl-8-piperonylethylamine, 665. 
CyoH2,0,N 5:6-Dimethoxyhomophthalo-f-piperonylethylamic acid, 295. 
C.»H..0,N, Ethyl 4- scetamidodiphenyl 4’-B-aminocrotonate, 1570. 
C.oH.,0,N, Ethyl  4-(6’-nitro-3’:4’-methylenedioxypheny])-2:6-dimethyl]-1:4-dihydropyridine-3:5-dicarb- 


C.oH.,;0;N ‘Diacetyl derivative of isodi-o-methoxyphenylhydroxyethylamine, 1121. 
Methyl 5-methoxyhomophthalo-8-m-methoxyphenylethylamate, 294 
CH O6N Ethyl 4-(3’:1’-methylenedioxy pheny])-2:6-dimethy]-1:4-dihydropyridine-3:5-dicarboxy late, 


0,,H.O.N, l-Eseroline methopicrate, 758. 
Ct Onk B-Xylidinocrotonoxylidides, 113. 
‘0.N, Apoquinidine methyl] ether, and its salts, 971. 

mG Quinidine, 970. 
C.oH.,0,N, -p-Phenetidinocrotono-p-phenetidide, 113. 

4O,N, 2-Hydroxy-4-(B-hydroxyethoxy)acetophenoneazine, 1099. 
C.H,,0,N, Ethyl 4-(nitrohydroxy-3’-methoxypheny])-2:6-dimethyl-1:4-dihydropyridine-3:5-dicarboxyl- 

tes, 817 


C..H,,ON, 2-Methoxy-9-8-diethylaminoethylaminophenanthridine, and its salts, 1409. 
C.oH,;0.N Methyl 2-8-1’-naphthylethyl-1-methylcyclopentan-2-ol-1-carboxylamide, 1532. 
C..H,,0,N Ethyl 4-(hydroxymethoxypheny])-2:6-dimethyl-1:4-dihydropyridine-3:5-dicarboxylates, 817. 
C. i Di-m-acetamidodiphenyldiethylsilicane, 1091. 
CopH.90,,I 1-(a-lodoisohexoyl)tetra-acetyl glucose, 1024. 
Ethyl 1-carbethoxy-4-methylcyclohexane-2-a-(a-cyanoglutarate), 478. 
Ethyl] 1- clang methylcyclohexane-2-(a-cyano-a’-methylsuccinate), 479. 


CH,.N,Au Diethyleyanogold, 1028. 
’ 20 IV 


C.oH,,0,N,S, _3:3’-Dinitro-4:4’-dihydroxydinaphthyl disulphide, 673. 
C.H,,0,NS Benzoylnitrophenyl 4-hydroxy-m-tolyl sulphides, 1238. 
CoH, :0.N,S 2-o-Nitrobenzo-o-nitroanilidophenyl methyl sulphide, 188. 
2-Nitro-2’-methyl-o-nitrobenzamidodipheny] sulphide, 185. 
C..H,,0,NS Benzoylnitrophenyl-4-hydroxy-m-tolylsul nena 1238. 
G2 2-o-Nitrophenylbenzamidophenyl methyl sulphide, 342. 
C.oH,,0;N.S 2- = Mieethoesthenenentdonhentnetiateniaions 342. 
C,,H,,OLAs 10-Phenyl-2-methylphenoxarsine, 1052. 
C.oH.,0,NCl Ethyl 4-(6’-chloro-3’:4’-methylenedioxypheny])-2:6-dimethyl-1:4-dihydropyridine-3:5-dicarb- 
oxylate, 818. 
29H 220 R Ethyl 4-(6’-bromo-3’:4’-methylenedioxy pheny])-2:6-dimethyl-1:4-dihydropyridine-3:5-di- 
carboxylate, 818. 
C.oH,;0,N,Cl a- and a’-Chlorodihydroquinidines, and their salts, 1097. 
a- and a’-Chlorodihydroquinines, and their salts, 1095. 
Onn Suberanilide-pp’-diarsonic acid, and its disodium salt, 293. 
Bis-3-chlorocamphor-10-mercury, 536. 
OHO Be Bis-3- noumnocemy hor-10-mercury, 536. 
C.oH,.Cl Retphonytbutylonlp hide)palladium dichlorides, 1559. 
C.oH,,C1,8,Pd Bis(di-n- senaicaeiiinlentedien dichloride, 1558. 


20 V 
C.oH,,0,N,S,Pd Bis(di-n-amylsulphide)palladium dinitrite, 1559. 


C,, Group. 


C,,H,, 1:2:5:6-Dibenzfluorene, 1325. 
1’:2’-Naphtha-2:3-fluorene, 1324. 
C,,H,, 5-n-Propyl-1:2-benzanthracene, 770. 
C,,H,, 2-Methyl-(8-1’-acenaphthylethyl)-4'-cyclohexene, 670. 
6M 1973 
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21 0 
C,,H,,0 1’:2’-Naphtha-2:3-fluorenone, 1324. 
C,,H,,0, Sheth int-canghthnageens, 870. 
3-Styryl-1:4-Ba-naphthapyrone, 868. 
C,,H 0, 5-n-Propy|-1:2-benzanthracene, 770. 
3-Styryl-2:3-dihydro-1:4-Ba-naphthapyrone, 868. 
C,,H,,0, 2-Acetyl-l-naphthyl cinnamate, 870. 
w-Cinnamoyl-2-acetyl-l-naphthol, 870. 
C,,H,,N, 3-Benzeneazo-2-phenylmethylindoles, 1211. 
C,,H,,0, 2-Phenylnaphthapyranol 4-ethyl ether, 1164. 
C,,H,,0, 3:4-Dibenzyloxybenzaldehyde, 867. 
C,,H,,0, 2-Cinteb-Teensthouybennenth-o 48's -caathylennileny benny lidenchquepions--lectene, 1580. 
C,,H,,0, Trimethylstictic acid, 1381. 
C,,H,,.N Benzhydrylidene-a-phenylethylamines, 1782. 
C,,H,,0 3-Keto-1-phenyl-11-methylhexahydrophenanthrene, 1287. 
C.,H..0, Hexahydrocholanthrenecarboxylic acid, 670. 
C,,H..0, 2-Acetoxy-4-(8-acetoxyethoxy)chalkone, 1100. 
B-3:4- Dimethoxy benzoyl-a-(3’:4’-dimethoxy benzylidene) propionic lactone, 640. 
6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)naphthalene-3-carboxylic acid, 640. 
C., , y-Di-(3:4-dimethoxyphenyl)itaconic anhydride, 641. 
1-Keto-5:6-dimethoxy-3-(3’:4’-dimethoxylphenyl)indene-2-acetic acid, 641. 
C,,H,,0, 8-(3:4:5-Trimethoxybenzoyl)-a-(3’:4’-methylenedioxybenzylidene)propionic acid, 1580. 
C,,H..N, N-Benzhydryl-N’-p-tolylformamidine, 1219. 
C.,H,,0, 2-(8-Benzoyl-a-o-hydroxyphenylethyl)cyclohexanone, 1117. 
11-Hydroxy-9-phenacylhexahydroxanthen, 1117. 
C,,H..0, Diphenylglycerol triacetate, 85. 
C,,H,.0, -3:4-Dimethoxybenzoyl-a-(3’:4’-dimethoxybenzylidene)propionic acid, 640. 
4-Reto-6:7-dimethoxy-1-(3’:4’ -dimethoxy phenyl). 1:2:3:4.tetrahydronaphthalene-2-carboxylic acid, 641. 
C,,H,,.0, y-Di-(3:4-dimethoxyphenyl)itaconic acid, 641. : 
C.,H,,0, a-(f’-1-Acenaphthylethyl)pimelic acid, 669. 
ay-Diphenetoylpropane, 856. 
C.,H,,0, 5:6-Dimethoxy-3-(3’:4’-dimethoxyphenyl)hydrindene-2-acetic acid, 641. 
6:7-Dimethoxy-1-(3’:4’-dimethoxy pheny]l)-1:2:3:4-tetrahydronaphthalene-2-carboxylic acid, 641. 
C,,H,,0, Bis-(3:4-dimethox mheuplidestiapionsstale acid, 641. 
C,,H,,0, Substance, from clovenic anhydride and magnesium phenyl bromide, 1298. 
C.,H;,N, 8-(8-Piperidinoethylbutylaminomethyl)quinolines, and their salts, 1426. 


21 

C,,H,,0,C1 7-Hydroxy-3:4-coumareno(2”:3”’)-flavylium chloride, 944. 
C,,H,,0,C1 7:6’-Dihydroxy-4-pheny]-2:3-coumareno(3’:2’)-chromylium chloride, 943. 
C.,H,,0,8 1-Anthraquinonyl 4-hydroxy-m-tolyl sulphide, 1235. 
C,,H,,0,8 1’-Anthraquinonyl-4-hydroxy-m-tolylsulphone, 1236. 

1-Anthraquinonyl] 3-sulphino-p-tolyl ether, 1236. 
C,,H,,N.S 1:3-Diphenyl-4:5-thionaphthenopyrazole, 473. 
C.,H,,0,.N Benzoylacetylcarbazoles, 744. 
C,,H,,0,Cl 7:4’-Dihydroxy-4-phenylflavylium chloride, 943. 

7:8-Dihydroxy-4-phenylflavylium chloride, 944 

7-Hydroxy-4-p-hydroxyphenylflavylium chloride, 942. 
C,,H,,OBr, p-Bromophenyl £-p-bromophenyl-f-phenylethyl ketone, 991. 
C.,H,,0,N, §-1-Acenaphthylethyl 3:5-dinitrobenzoate, 669. 
C,,H,,0Cl p-Chlorophenyl £8-diphenylethyl ketone, 991. 
C.,H,,0,N, 2’-Methyldeoxybenzoin ee ee 1125. 

Dibromo-6:7-dimethoxy-1-(3’:4’-dimethoxy phenyl)naphthalene-3-carboxylic acid, 640 
, a-1-Methyleyclohexane-1:2-diol bis-3:5-dinitrobenzoate, 1272. 
w-Anilino-w-benzylacetophenone, 1032. 
nzylmethylaminobenzophenone, 896. 
C.,His Triphenylmethyl £-chloroethyl ether, 140. 
C,,H,,0,.N Ethyl 2-aldehydo-4-methoxyphenoxyacetate azlactone, 994. 
C,,H,,0,Br Bromo-6:7-dimethoxy-1-(3’:4’-dimethoxyphenyl)naphthalene-3-carboxylic acid, 640. 
C,,H,,0,N 2’-Nitro-2-acetoxy-4-(B-acetoxyethoxy)chalkone, 1101. 
C,,H,,ON, N-Benzhydryl-N’-p-methoxyphenylformamidine, 1219. 
C,,H,,0,N, 1-Keto-7-methoxyhexahydrophenanthrene 2:4-dinitrophenylhydrazone, 1291. 
C,,H,,0,,B, Hydroxydroserone diboroacetate, 335. 
C,,H,,0,N 6:7:3’:4’-Bismethylenedioxy-8:6’-methyleneprotolaudanosine methine, and its salts, 666. 
2:3:11:12-Tetramethoxyoxyprotoberberine, 295. 
Piperidinomethylquinoline picrates, 1144. 
'o1 Hee Strychnine, 935, 1291, 1685. 

C,,H,,0,N, 6:7:3’:4’-Bismethylenedioxy-2-carbamy]-6’-methoxymethyl-1:2:3:4-tetrahydroprotopapaver- 


ine, 666. 
C,,H,,0,Br, Dibromo-6:7-dimethoxy-1-(3’:4’-dimethoxypheny])-1:2:3:4-tetrahydronaphthalene-2-carb- 
oxylic acid, 642. 


C.,H,,0,N, [-3-Methoxyphenyl-3-methyl-4¢-hexen-d-ol 3:5-dinitrobenzoate, 433. 

C,,H,,0,N 5:6-Dimethoxyhomophthalo-8-veratrylethylimide, 295. 

C.,H,,0,N Methyl 5:6-dimethoxyhomophthalo-8-piperonylethylamate, 295. 
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Formula Index. 


C.,H.,0,8 2-p-Toluenesulphony] 4:6-benzylidene a-methylglucoside, 1198. 

C.,H,,0,N 5:6-Dimethoxyhomophthalo-f-veratrylethylamic acid, 295. 

C.,H.,0,N, Ethyl 4-(nitro-3’:4’-dimethoxypheny])-2:6-dimethyl]-1:4-dihydropyridine-3:5-dicarboxylates, 
818. 





C.,H.,0,N Ethyl a-cyano-a-(irans-2-carbethoxycyclopentyl])-y-phenylbutyrate, 1538. 
C.,H.,0,N Ethyl 4.(3'-4’ dimethoxy phenyl).2:6-dimethyl-1:4-dihydropyrdine.9:5-dicarboxylate, 818. 
C.,H.,0,N, Dinitro-4:4’-bisdiethylaminodiphenylmethane, 58. 

Trimethylglucosazone, 1402. an 


C.,H,,0,N.S 2-Nitro-2’-cinnamamidodipheny] sulphide, 1264. 
C.,H,,ONCl, Benzylideneisodi-o-chlorophenylhydroxyethylamine, 1123. 
C.,H,,0,NCl, Salicylideneisodi-o-chlorophenylhydroxyethylamine, 1123. 
C.,H..0,NI 2:3:11:12-Tetramethoxyoxyprotoberberine iodide, 295. 
C.,H.,0.NS p-Toluenesulphony]-sec.-octylaniline, 1282. 


21 V 
C.,H,;0.N,IS 2-o0-Nitrophenyl-1-styrylthiazolinium iodide, 1264. 








C,, Group. 


CooH., Methyltetrahydro-1:2:5:6-dibenzfluorene, 1325. 
3-B-Phenylethyl-2-methyl-4:5-benzindene, 1325. 
C.2H.. Octahydro-1:2:3:4-dibenzanthracene, 1684. 


22 
C..H,,0, Benzyloxyflavones, 868. 
2-p-Methoxystyry1-1:4-a-naphthapyrone, 870. 
C..H,,0, 6:7-Methylenedioxy-1-(3’:4’:5’-trimethoxyphenyl)naphthalene-2:3-dicarboxylic anhydride, 1581. 
C..2H,,0. y-Hydroxy-ayy-triphenyl-n-butyrolactone, 1370. 
C..H,,0, gs et 867. 
2-Hydroxy-4-benzyloxypheny] styryl ketone, 867. 
C.2H,,0, 2-Acetyl-l1-naphthyl p-methoxycinnamate, 870. 
SWeanestenp-4 brangleannsteghenenn, 869. 
2-Hydroxy-5-benzyloxydibenzoylmethane, 869. 
w-p-Methoxycinnamoyl-2-acetyl-1-naphthol, 870. 
C..H,,0, 6:7-Dimethoxy-1-(3’:4’-dimethoxy phenyl)naphthalene-2:3-dicarboxylic anhydride, 640. 
6:7-Methylenedioxy-1-(3’:4’:5’-trimethoxyphenyl)-2-hydroxymethylnaphthalene 3-carboxylic lactone, 
1580. 
C..H,.N, §-Benzhydrylamino-a-phenylacrylonitrile, 1219. 
C.2H..0, 4-Hydroxy-2-methyldibenzyl benzoate, 1125. 
Octahydro-1:2:3:4-dibenzanthraquinone, 1684. 
C..H.,.0, 6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)-2-hydroxymethylnaphthalene-3-carboxylic _ lactone, 
1580 


6:7-Dimethoxy-1-(3’:4’-dimethoxy phenyl)hydroxymethylnaphthalenecarboxylic lactones, 643. 
Tetramethoxybenzo-3:4-fluorene-1l-carboxylic acid, 1579. 

C..H.,0, 6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)naphthalene-2:3-dicarboxylic acid, 640. 
B-3:4:5-Trimethoxy benzoyl-a-(3’:4’-methylenedioxy benzylidene)-8-methylenepropionic acid, 1580. 

C..H,.0 Octahydrodibenzanthrone, 1684. 

Decahydro-1:2:3:4-dibenzanthraquinone, 1107. 

eeFe20, 0-Octahydrophenanthroylbenzoic acid, 1684. 

eeHooO0; 2:3-Dimethylanthronylidenedipropionic acid, 1103. 

e9fe20, 2:11-Diketo-5:6:13:14-tetramethoxyhexahydrochrysene-a, 1414, 

eoHe,0- 2-Acetoxy-4-(B-acetoxyethoxy)-4’-methoxychalkone, 1100. 
B-3:4-Dimethoxybenzoyl-8-(3’:4’-dimethoxybenzylidene)-8-methylenepropionic acid, 1579. 

C..H.,0, Dodecahydro-1:2:3:4-dibenzanthraquinone, 1107. 
w-Octahydrophenanthryl-o-toluic acid, 1684. 

C..H,,0, Ethyl 6:7-dimethoxy-2-pheny]-3:4-dihydronaphthyl-l-acetate, 1416. 

C..H,,0, 6:7-Dimethoxy-1-(3’:4’-dimethoxyphenyl)-3-hydroxymethy]-1:2:3:4-tetrahydronaphthalene-2- 

carboxylic lactones, 642. 

C..H,,0, 3-Benzoyl 4:6-benzylidene 2-methyl a-methylaltroside, 1197. 

C..H,,.0, Decahydro-5:6:7:8-dibenznaphthaquinyl diacetate, 1106. 

a8-Diphenetoylbutane, 1093. 

Ethyl 2-(8-6’-methoxy-1’-naphthylethyl)methylcyclopentanone-2-carboxylates, 252. 

5:6:13:14-Tetramethoxyhexahydrochrysene-a, 1414. 

22H».0, Matairesinol dimethyl ether, 635. 

Methyl By-dianisyl adipate-b, 1412. 

Methyl fn ncaa = 2 ae me 1413. 

C..H,,0, 4-Hydroxy-6:7-dimethoxy-1-(3’:4’-dimethoxypheny])-3-hydroxymethy]-1:2:3:4-tetrahydro- 

6 yg ere acid, 642. 


Cc 


C, 3 8-Diethylamino-a-methylbutylamino-9-phenanthridine, and its salts, 1409. 
C..H,,0, af-Di-p-phenetylhexane, 1093. 
Ethyl a- and a 313. 

, 42. 


C,,.H,.Pb Di-n-amyldi-n-hexyl- 
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22 I 
C,.H,,0,C1 7-Hydroxy-6’-methoxy-4-pheny]l-2:3-coumareno(3’:2’)-chromylium chloride, 943. 
C..H,,0,N, 3-Benzoyloximino-2-phenylmethylindolenines, 1211. 
2H,,0,N, Peltogynol 2:4-dinitrophenylhydrazone, 750. 
C.,H,,0,Cl 6:7-Methylenedioxy-1-(3’:4’:5’-trimethoxypheny])-2-chloromethylnaphthalene-3-carboxylic 
acid, 1580. 

C..H,,0,Br 4-Hydroxy-6:7-dimethoxy-1-(6’-bromo-3’:4’-dimethoxypheny])-3-hydroxymethylnaphthalene- 

2-carboxylic lactone, 642. 
C,,H,,0,Cl, 4’:5’-Dichloro-octahydrophenanthroylbenzoic acid, 1684. 

0, a-p-Carboxyphenylsulphony]l-a-p-tolylsulphonyl-a-phenylthioethane, 20. 
C.,H,,ON 4-Benzylethylaminobenzophenone, 896. 
C..H,,0,C1 8-3:4-Dimethoxybenzoyl-a-(3’:4’-dimethoxybenzylidene)-8-chloromethy!propionolactone, 1579, 
6:7- Dimethoxy-1-(3’:4’-dimethoxy pheny])-2-chloromethylnaphthalene-3-carboxylic acid, 1579. 
C..H,,ON, 4-Benzylethylaminobenzophenone oxime, 896. 
C..H.,0,,N, Tetranitromatairesinol dimethyl ether, 635. 
mS . Dibromomatairesinol dimethyl ether, 635. 
C..H,,0,N, Ethyl f-o-toluoylethane-aa-dicarboxylate 2:4-dinitrophenylhydrazone, 1000. 
2 Dinitromatairesinol dimethyl ether, 635. 
3 Di(quinolyl-8-methyl)ethylamine hydrobromide, 1144. 
3-p-Toluenesulphonyl 4:6-benzylidene 2-methyl a-methylaltroside, 1197. 

Cc ethyl 5:6-dimethoxyhomophthalo-f-veratrylethylamate, 295. 

sN,Br 3-Bromo-9-5-diethylamino-a-methylbutylaminophenanthridine, and its salts, 1409. 
CrsH2,ON; a-Aldehydo-8-(2:2:6-trimethyl-4*-cyclohexenyl)-8-methyl-4¢”-butadiene phenylsemicarbazone, 

586. 


C..H,,OCl p-Chlorophenyl cetyi ether, 1834. 
C.,H,,OBr p-Bromopheny] cetyl ether, 1834. 


22 IV 


C..H,,0,N,8 2-Cinnamo-o-nitrophenylamidophenyl methy] sulphide, 1264. 
C..H,,0,N,Br 1-Hydroxy-3-(2’-bromo-4’-nitropheny])-3:4-dihydrophthalazine-4-acetanilide, 1136. 


C,, Group. 


C.;H,,0, af-endo-9:10-Dihydroanthraquiny]-9:10-8-phenylpropionic acid, 1103. 
B-Phenyl-8-anthranylpropionic acid, 1103. 
C,,;H,,0, 7-Benzyloxy-4’-methoxyflavone, 868. 
C.,;H,,0, 2:3-Diphenylbenzo-2-pyrano! ethyl ether, 1165. 
C.;H,,0, 7-Benzyloxy-4’-methoxyflavanone, 867. 
2-Hydroxy-4-benzylox phenyl 4-methoxystyryl ketone, 867. 
C,,;H,,0, 7-Methoxy-4’- ee 867. 
0,, _Tetra-acetylcyanomaclurin, 754. 
C,,;H.,0, Methyl tetramethoxybenzo-3:4-fluorene-l-carboxylate, 1579. 
Ethyl hexahydrocholanthrenecarboxylate, 670. 
B-3:4-Dimethoxybenzoyl-a-(3’:4’-dimethoxy benzylidene)-8-methoxymethylpropionolactone, 
79. 


Ethyl 4-hydroxy-6:7-dimethoxy-1-(3’:4’-dimethoxyphenyl)naphthalene-2-carboxylate, 642. 
C,H, Cevanthridine, and its salts, 124. 
C,,H,,0, Ethyl 2-(8-1’-acenaphthylethyl)cyclohexanone-2-carboxylate, 669. 
CasHOs ~~” 4-keto-6:7-dimethoxy-1-(3’:4’-dimethoxypheny])-1:2:3:4-tetrahydronaphthalene-2-carb- 
oxylate, " 
C,H.,0, 2:4-Dibenzoyl 3:6-dimethyl B-methylglucoside, 176. 
C.,H.,,0,, 4-Hydroxy-6:7-dimethoxy-2-carboxy-1-(3’:4’-dimethoxy pheny])-1:2:3:4-tetrahydronaphthalene- 
3-glycollic lactone, 643. 
Anhydrodigoxigenone, 1307. 
a- and §- Aahgdeedigheniquence, 1050. 


ad-Bis-(3-methoxy-4-ethoxyphenyl)-a-methylbutan-f-one, 121. 
iso-Digoxigenones, 1307. 

isoDigoxigonic acid, 1308. 

a- and £-Anhydrodigitoxigenins, 1050. 

Dihydrodigoxigenone, 1307. 

Digoxigenin, constitution of, 1305. 

isoDigoxigenic acid, 1308. 


23 OI 
Cl Hey mete Ph cen oem "ape ceeaeeasierl cece chloride, 945. 
1:5-Dichloro-10-cinnamylanthrone, 1104. 
2 5-Keto-2-phenyl-4-(2’-nitro-5’-benzyloxybenzylidene)-4:5-dihydro-oxazole, 1266. 
C,,H,,0,N m-Methoxybenzylidenephenylisooxazolone, 1541. 
130,N, 2-Nitro-a-benzamido-5-benzyloxycinnamic acid, 1266. 

C,,H,,0 2-Nitro-5-methoxy-a-(m-benzyloxyphenyl)cinnamic acid, 1541. 

C.,;H,,ON 1:2:3:4-Tetrahydro-6-naphthodiphenylamide, 80. 

C,,H,,0,N 2-Amino-5-methoxy-a-(m-benzyloxyphenyl)cinnamic acid, 1541. 

C,,;H,,0;N, 4-Methoxydimethyldeoxybenzoin 2:4-dinitrophenylhydrazones, 1125. 
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Formula Index. 


¢. O,N Benzylideneisodi-o-methoxyphenylhydroxyethylamine, 1121. 
wi ptdenseainell (o-mcthenyteneth 1123. : 
C.;H2:0,N Salicylideneisodi-o-methoxyphenylhydroxyethylamine, 1121. 
C,;H230,C1 Methyl 6:7-dimethoxy-1-(3’:4’-dimethoxypheny])-2-chloromethylnaphthalene-3-carboxylate, 
1579. 


C,.H0;Br . Ethyl 4-hydroxy-6:7-dimethoxy-1-(6’-bromo-3’:4’-dimethoxy phenyl)naphthalene-2-carboxyl- 
ate, . 
C,;H.,0;,Br, Ethyl 3-bromo-4-keto-6:7-dimethoxy-1-(6’-bromo-3’:4’-dimethoxy pheny])-1:2:3:4-tetrahydro- 
naphthalene-2-carboxylate, 642. 
C.,H.,0,N, Brucine, 935, 1291, 1685. 
C.;H.,;0,N, Dinitro-ad-bis-(3-methoxy-4-ethoxyphenyl)-a-methylbutan-B-one, 122. 
C 2 Dihydrobrucidine, salts of, 1293. 
C,;H3,0,N, Anhydrodigoxigenone dioxime, 1307. 
2-Methoxy-9-5-diethylamino-a-methylbutylaminophenanthridine, and its salts, 1410. 
1 n- and iso-Digoxigenone oximes, 1307. 
C,,H;,0,.N; N-Nitrosomethoxymethylchanodihydrostrychnanic acid, 939. 
2 Methoxymethylchanodihydrostrychnanic acid, 939. 
C.,;H;;0,N Dihydrodigoxigenone oxime, 1307. 
23 IV 


C,,H,,OF, 2:4:6-Triphenylpyrylium borofluoride, 1390. 
C,;H,,0,Cl,Fe 4-Phenacylflavylium ferrichloride, 87. 
C,,H,,0,N.Br, Pentabromomethoxymethylchanodihydrostrychnonic acid hydrobromide, 938. 


31 3 


C,, Group. 


N-Benzhydryl-N’-8-naphthylformamidine, 1219. 
Methyl 6:7-methylenedioxy-1-(3’:4’:5’-trimethoxyphenyl)naphthalene-2:3-dicarboxylate, 1581. 
O-Tetra-acetylpeltogynol, 748. 
Octahydrodibenzanthranyl acetate, 1684. 
Ethyl 2-(3’-phenanthrylmethyl)cyclohexanone-2-carboxylate, 1323. 
Dimethyl 6:7-dimethoxy-1-(3’:4’-dimethoxypheny])naphthalene-2:3-dicarboxylate, 640. 
1:4-Bis-(8’-quinolylmethyl)piperazine, 1426. 
C,,H.,0, Ethyl £-cinnamyloxy-a-cinnamylcrotonate, 13t 
a dicinnamylacetoacetate, 1364. 
p-Phenylphenacyl-y-41-cyclohexenylbutyrate, 1638. 
C.,.H,,0, Ethyl 3-aldehydo-4-keto-6:7-dimethoxy-1-(3’:4’-dimethoxypheny])-1:2:3:4-tetrahydronaphthal- 
ene-2-carboxylate, 642. 
8-Bis-(8-quinolylmethyl)dimethylethylenediamine, dihydrobromide of, 1426. 
Butyl diphenylsuccinates, 158. 
Matairesinol diethyl ether, 635. 
Methyl By-di-3:4-dimethoxyphenyladipate-a, 1414. 
Guaiaretic acid diethyl ethers, 122. 
Methyl isodigoxigonate, 1308. 
Dihydroguaiaretic acid diethyl ether, 122. 
Methyl tsodigoxigenonate, 1308. 
Methyl isodigoxigenate, 1308. 
Methyl isodigoxigeninate, 1308. 
Tetra-n-hexyltin, 41. 
24 I 


C.,.H,,0,8 1’-Anthraquinonyl-2-hydroxy-l-naphthylsulphone, 1236. 
1-Anthraquinonyl-1-sulphino-2-naphthyl ether, 1236. 
C.,H,.0.N, Benzhydrylaminomethyleneacetoacetanilide, 1220. 
C,,H,,N,Si Tetra-m-aminotetraphenylsilicane, 1085. 
C,,H.,0,N, Ethyl diphenylene-4:4’-bis-8-aminocrotonate, 1570. 
C.,.H;,0,N §-Keto-ad-bis-(3-methoxy-4-ethoxyphenyl)-y-methylvaleramide, 121. 
N(b)-Methyl-des-dihydrobrucidines, 1688, 1693. 
Dibromodihydroguaiaretic acid diethyl ether. 
Dinitrodihydroguaiaretic acid diethyl ether, 122. 
Methyl y-keto-e-teresantalylhexoate phenylsemicarbazone, 314. 
H,,0 Digoxigenone semicarbazones, 1307. 
C.,H,,0,N, Hydroxymethyltetrahydrobrucidine, 1691. 
C.,H,;,0,N, Dihydrodigoxigenone semicarbazone, 1307. 


24 IV 


C.,H,,0,BrS 1-Anthraquinonyl 6-bromo-2-hydroxy-l-naphthyl sulphide, 1236. 
C,,H,,0;BrS 1-Anthraquinonyl 1-sulphino-6-bromo-2-naphthyl ether, 1236. 
C,,H,,0,C1,Fe 7-Mathoxy-4-shdnneyiiavyiiess ferrichloride, 87. 
C,,H,,Cl Bis(diphenylsulphide)palladium dichloride, 1559. 
6:7:3’:4’- Bismethylenedioxy-2-benzenesulphony]-1:2:3:4-tetrahydroprotopapaverine, 667. 
.0,Cl,Fe 2-Hydroxy-4-methoxy-3-isoamylbenzaldehyde ferrichloride, 1372. 
C.,H,,0,N,Cl N(b)-Methyldihydrobrucidinium chlorides, 1691. 
C,,H,,0,N,I N(b)-Methyldihydrobrucidinium iodides, 1690. 
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24 IV—26 IV Formula Index. 


C.,H;,C1,P,Pd Bis(tri-n-butylphosphine)palladium dichloride, 1560. 
A: OF Bis(tri-n-butylarsine)palladium dichloride, 1561. 

C.,H,;,Br.P,Pd Bis(tri-n-butylphosphine)palladium dibromide, 1560. 

C.,H,,I,P.Pd Bis(tri-n-butyl phosphine)palladium di-iodide, 1560. 


2V 


C.,H,,0,N,Cl1,S, Bis-2-p-chloro-o-nitroanilinopheny! disulphide, 186. 
C.,H,,0,N,C1,Ni Nickel p-chlorophenyl-n-butylglyoxime, 623. 


C,, Group. 


C.;H,,0, 4’-Methoxy-4-(p-methoxyphenacylidene)flavene, 89. 
C.;H..0, 4’-Methoxy-4-(p-methoxyphenacyl)flavene, 89. 
o-Hydroxybenzylidenedi-(p-methoxyacetophenone), 89. 
a- and £-Anhydrodigitoxigenin acetates, 1050. 


25 I 


C,;H,,0,N, p-Phenylbenzophenone 2:4-dinitrophenylhydrazone, 1785. 

25H2,0,N, 1-Methoxynaphthalene-2:4-dicarboxylanilide, 1063. 
C,;H,.0,,Cl, 4:6-Bisdichloroacetyl 2:3-dibenzoyl a-methylglucoside, 1181. 
C,.H.,0,N, Ethyl benzhydrylaminomethylenemalonanilide, 1219. 
C,;H,,0,N, 1-(8-5’-Tetralylethyl)cyclohexanol 3:5-dinitrobenzoate, 1636. 

'¢5H390,N, Retrorsine phenylcarbamate, 13. 

e5H3,0,N, a-Methyl-d-rsopropylpimelditoluidide, 316. 
C.;H,,0,N, Dimethyl-des-brucidine, 1690. 

25H;;0,N, §-Keto-d-hydroxy-0-(2:2:6-trimethyl-4*-cyclohexenyl)-¢-methyl-4¢1-octadiene phenylsemicarb- 

azone, 587. 
25 IV 


C,;H,,0,Cl,Fe 2:6-Diphenyl-4-(0-acetoxyphenyl)pyrylium ferrichloride, 88. 
20,Cl,Fe 2:6-Diphenyl-4-(2’:4’-dimethoxyphenyl)pyrylium ferrichloride, 87. 


2 
C.;H.,0,C1,Fe 4’-Methoxy-4-(p-methoxyphenacy])flavylium ferrichloride, 89. 
C.;H,,0,N.I neoBrucidine dimethiodide, 1292. 


2 4/5 
C,;H3,0 


C..H..0,, Trimethylsucrose penta-acetate, 651. 


C,, Group. 


CxsH,, «5-Di-(4-methyl-l-naphthyl)butane, 444. 
26 II 


C..H,,F, 2:2’-Difluorobisdiphenylene-ethylene, 989. 
C,,H.,N Benzylidene-p-phenylbenzhydrylamines, 1784. 
p-Phenylbenzhydrylidene-benzylamine, 1784. 
2H2,0, 2-Diphenylmethylol-6-pheny]-1:2:3:6-tetrahydrobenzolactone, 1370. 
C..H,,0, Decahydro-1:2:3:4-dibenzanthraquinyl diacetate, 1107. 
C..H.,0, 5:8-Diacetoxydodecahydro-1:2:3:4-dibenzanthraquinone, 1107. 
C..H,,0, Diethyl 6:7-dimethoxy-1-(3’:4’-dimethoxypheny])naphthalene-2:3-dicarboxylate, 640. 
C.~H;.N, Bis-(8-quinolylmethyl)-8-diethylaminoethylamine, 1426. 
C,.H;,0, Octahydrotetracyclopentenoanthraquinone, 1106. 
26 I 


C,,H,,0,N, 2:2’:7:7’-Tetranitrobisdiphenylene-ethylene, 1611. 
C,,H,,0,N, Dimethoxyperylene-3:4:9:10-tetracarboxylic acid di-imides, 499. 
,8 1-Anthraquinonyl 2-acetoxy-l-naphthyl sulphide, 1236. 
160,58 1’-Anthraquinonyl-2-acetoxy-l-naphthylsulphone, 1236. 
C..H,,0,N 2:9-Dibenzoylcarbazole, 744. 
C.,.H.,0. Benzophenoneoxime a-phenyliminobenzy] ethers, 1228. 
A : N, p-Nitrobenzoyl-6:7:3’:4’-bismethylenedioxy-8:6’-methylene-1:2:3:4-tetrahydroprotopapaverine, 
666 


C.,.H,,0,N, Apocinchene methyl ether picrate, 303. 

C,,H,,0,N Tribenzoylvalinol, 414. 

C,,H,,0,N, 2-Methyl-1-(8-1’-naphthylethyl)cyclohexyl 3:5-dinitrobenzoate, 671. 

C.,H,,0,N, Ethyl 3:3’-dimethyldiphenylene-4:4’-bis-8-aminocrotonate, 1569. 

C,,H,,0,N. Ethyl 3:3’-dimethoxydiphenylene-4:4’-bis-8-aminocrotonate, 1569. 
O,N, Acetoxymethyltetrahydrobrucidine, 1691. 


26 IV 


C,,H,,0,Br8 1-Anthraquinonyl 6-bromo-2-acetoxy-1-naphthyl sulphide, 1236. 
C,,H,,0,BrS_ 1’-Anthraquinonyl-6-bromo-2-acetoxy-1-naphthylsulphone, 1236. 
C..H,,0,Cl,Fe 2:6-Diphenyl-4-(2’-acetoxy-4’- and -5’-methoxyphenyl) pyrylium ferrichlorides, 88. 
C,,H,,0,.N,Cu Cupric 3-benzeneazo-p-tolyloxide, 1599. 
C,,H,,0.N,Ni Nickel 3-benzeneazo-p-tolyloxide, 1599. 
C.,H,,0,F,B 2:4:6-Tri-p-methoxyphenylpyrylium borofluoride, 1390. 
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arb- 


ne, 






Formula Index. 










C,,H;,0,N.Cl, N-(b)-Methyl-des-dihydrobrucidine dimethochlorides, 1689, 1693. 
€.,H;,0,N.I, N(b)-Methyl-des-dihydrobrucidine-a dimethiodides, 1689. 


C.,.H;,0,N.I Methoxymethyltetrahydrobrucidine methosulphate, 1692. 













C,, Group. 





C.,H,, neoErgostatetraene, 467. 
27 


C.,H,,Br, ay-Di-(p-bromopheny]l)-ay-diphenylallene, 992. 

C,,H,,Cl a-p-Chlorophenyl-ayy-triphenylallene, 991. 
2-Phenylacetyl-l-naphthyl cinnamate, 870. 
a-p-Chlorophenyl-ayy-triphenyl-4¢-propylene, 991. 
C,,H,,0 2:2:4-Triphenylchroman, 1120. 

C,,H,,0, aay-Triphenyl-y-(o-hydroxyphenyl)-n-propyl alcohol, 1119. 
1-8-Bis-(8’-quinolyl methyl)aminoethylpiperidine, 1426. 
C.,H,,0, Substance, from clovenic anhydride and magnesium phenyl bromide, 1298. 
a7H;;N, Tris-8-phenylethyltrimethylenetriamine, 865. 

e720, neoErgostatriol, 467. 

C.,H,,0 Cholesterol, action of selenium on, 1391. 


27 I 


C.;H,,0,N, 3-1-Anthraquinonylaminonaphthalomethylimide, 498. 
C,,H,,0Br, ay-Di-(p-bromopheny])-ay-diphenylpropy! alcohol, 992. 
C.,H.,0C1 a-p-Chlorophenyl-ayy-triphenylpropy] pe ate 991. 
C,,H.,0,N, Apocinchene ethyl ether picrate, 303. . 
C.,H,,0,N Cevine, 124. 

C.,H;,N,Au, Di-n-propyleyanogold, 1029. 







'27-420™"3 














C,, Group. 


28 I 

C.,H.,0, 2-Acetyl 6-trityl 3:4-anhydro-a-methylgalactoside, 688. 

C,,H,,0, Hexadecahydro-5:6:7:8-dicyclopenteno-1:2:3:4-dibenzanthraquinone, 1106. 
esH590; Lettoresinols, 1130. 

C,,H,,0, Lumistadienetriol, 1222. 

C,,H,.Sn Tetra-n-heptyltin, 41. 


C.,H,. Lumistatetraene, 1223. 








C.:H.,0,8 Benzoyl-p-toluenesulphony] 4:6-benzylidene a-methylglucosides, 1197, 
C.sH;,0,,8, 2:3:4-Tri-p-toluenesulphonyl 8-methylglucoside, 1181. 


28 IV 


C,,H,.0,.N.8, Di-(p’-carboxy-o’-nitrophenoxy-m-tolyl) disulphide, 1238. 
C,,H.,0,N,Ni Nickel Gheantioanion, tt . . 
C,.H,,0,N,Pd Palladium dibenzoinoxime, 821. 
C,,H.,0,N,Pt Platinum dibenzoinoxime, 822. 
C,,H,,O.N,Cu Cupric 3-tolueneazo-p-tolyloxides, 1599. 
C,,H.,0,N,Ni Nickel 3-tolueneazo-p-tolyloxides, 1599. 

egElog Bis(dibenzylsulphide)palladium dichloride, 1559. 


28 V 


C,,H,,0,N,C1,8, Bis-2-aceto-p-chloro-o-nitrophenylamidophenyl disulphide, 1264. 
C.,H,,0,N,Cl,Cu Copper benzoinoxime dichloride, 821. 



















C,, Group. 


C.»H..0, 4-(a-Phenylphenacylidene)flavene, 1117. 
C.,H.,;0, 4-(a-Phenylphenacyl)flavene, 1117. 
C..H,,0, 4-(8-Hydroxy-8f-diphenylethyl)flavene, 1120. 

C,,H.,0, ay-Dibenzoyl-8-o-hydroxyphenyl-a-phenylpropane, 1117. 
C.»H.,0, 2-Hydroxy-4-benzyloxyphenyl 4-benzyloxystyryl ketone, 867. 
C.,H,,0 Fucostenones, 1207. 
C,,H;,0 Dihydrofucosterols, 1206. 








29 Il 
C..H,,0,,N, 6-Hydroxy-5:7-dimethoxy-4-phenylflavylium picrate, 946. 
C,,H,;0,,.N Bis-(6-carboxymethylhomopiperony]l)-8-piperonylethylamine, 665. 
29 IV 
€,,H.,0,C1,Fe 4-(a-Phenylphenacyl)flavylium ferrichloride, 1117. 
29 V 
een: 8 i 1264. 












C,,H, 90,N, «IS, 








Formula Index. 


C,, Group. 


CsoH.,0, y-Hydroxy-a -—- henyl-yy-a-naphthyl-n-butyrolactone, 1370. 
30HyoO, Eicositetrahydrotetrabenzanthraquinone, 1106. 
C,.H,,0, Dehydrolumisteryl acetate, 1223. 
30 I 
CsoH,,0,,Cl, 6-Dichloroacetyl 2:3:4-tribenzoyl a-methylglucoside, 1181. 
30 IV 
Crt 80 6-Dichloroacetyl 2:3-dibenzoyl 4-p-toluenesulphonyl a-methylglucoside, 1182. 
8,Cl, 6-Dichloroacetyl 2:3:4-p-toluenesulphonyl B-methylglucoside, 1181. 


Coe Bis(tri-n-amylphosphine)palladium dichloride, 1 
Bis(tri-n-amylarsine) ium dichloride, 1561. 


C,, Group. 
C;,H;,0, Dihydrofucosteryl acetates, 1206. 
31 IV 


C,,H,,0,N,Cl, Methylbenzylneobrucidinium dichloride, 1293. 
C;,H;,0,N,I, Methylbenzylneobrucidinium di-iodide, 1293. 


C,, Group. 


5:12-Dihydroxychromanorufan, 1404. 
endo-9: ee ar aR ITE 1:2:3:4-dibenznaphthacene quinone, 1107. 
Di-o-methoxyhydrobenzoin anhydride, 1122. 
Tetra-8-phenylethyltin, 41. 
Lumistadienetriol diacetate, 1222. 
Tetra-n-octyltin, 41. 
32 I 
C,,H,,0,8, Di(f-l-anthraquinonyloxyethyl) disulphide, 1237. 
32 IV 
anon ON ric benzeneazonaphthoxides, 1599. 
C,,H,,0. ckel benzeneazonaphthoxides, 1600. 
CoH ONS bre m-acetamidotetraphenylsilicane, 1086. 
C,,H;,0,N,Ni Nickel dibenzoinoxime diacetate, 821. 


C,, Group. 
C,,H,,N 2-Phenyl-3-triphenylmethylindole, 1210. 
C,;H,.N Cholestanonetetrahydrocarbazole, 1392. 

C,, Group. 
C,,H;,0, Lettoresinol diacetates, 1130. 


C,, Group. 


C,;H,,0, Lumistadienetriol benzoate, 1222. 
35 Ol 
C,;H,,0,8 4-p-Toluenesulphony] 6-trityl 2:3-dimethyl a-methylglucoside, 687. 
4e0,N, Lumisteryl 3:5-dinitrobenzoate, 1222. 


C,.H,.0,N, Fucostenone 2:4-dinitrophenylhydrazones, 1207. 


C,, Group. 
C,.H,,0, Dibenzanthronedicarboxylic acid, 572. 


C,.H,,0, 2-Hydroxy-4-benzyloxyphenyl 3:4-dibenzyloxystyryl ketone, 867. 
C,.H;,0, O-Methylbebeerilene, 1389. ss on 


C,.H,N Si Tetraisopropyltetra-m-aminotetraphenylsilicane, 1086. 
C,,.H;,0,,N Veratridine, constitution of, 122. 
36 IV 


C,,H,,0,N —_ 2:4-bisbenzeneazophenoxide, 1599. 

C,,.H,.0.N el 2:4-bisbenzeneazophenoxide, 1600. 

C,.H,,0,NCl,, 7. “ipdneny. 4-p-dimethylaminopheny]-2:3-indeno-(3’:2’)-chromylium chloride hydrochloride, 
944. 


C,, Group. 


C,.H,,0,N,Cl, Tubocurarine chloride, 1386. 90 
19 





Formula Index. 


C,, Group. 
€,,H,;0,N,Co Cobaltic 3-benzeneazo-p-tolyloxide, 1600. 

C,, Group. 
C,.H,s0,N.I, O-Methyltubocurarine iodide, 1386. 

C,, Group. 
C,,H;,0,N,Co Cobaltic 3-tolueneazo-p-tolyloxides, 1600. 


C,:H;,0,N.I, O-Methylbebeerinemethine methiodides, 1388. 
O-Methyltubocurarinemethine methiodides, 1387. 


C,, Group. 
C,;H.,0,;.9 Tetrabenzoylcyanomaclurin, 754. 
C,, Group. 
C,,H;,0,, 0-Tetrabenzoylpeltogynol, 749. 
C,, Group. 
C,,H,,0,,8 4-p-Toluenesulphonyl-2:3-dibenzoyl 6-trityl a-methylglucoside, 688. 


C,, Group. 


C,,H;,0,, 0-Tetra-anisoylpeltogynol, 749. 


48 I 


C,,H.,0,8, 2-a-Anthraquinonyloxy-l-naphthyl disulphide, 1236. 
C,sH,,0,N, 5:12-Bis-p-dimethylaminophenylchromanorufan, 1404. 


48 IV 


CsHn.O.Br,8, 2-a-Anthraquinonyloxy-6-bromo-l-naphthyl disulphide, 1236. 
C,,H,,0,N, Cobaltic benzeneazonaphthoxides, 1600. 


C,, Group. 
C,9H,.0.9N, N(b)-Methyldihydrobrucidinium carbonate, 1687. 


C;, Group. 


C;2H,..0, Wax from Cryptococcus fagi, 392. 
52 I 


C;2H,.0,.N, N(a)N(b)-Dimethyldihydrobrucidinium dicarbonate, 1687. 


C,;, Group. 
C;,H,,0,N,,Co Cobaltic 2:4-bisbenzeneazophenoxide, 1600. 





ERRATA. 


In J., 1930, 2358; 1931, 3107; 1933, 671, and in the indexes, the name “‘ Walter S. Illingworth ” 
should be ‘‘ William S. Illingworth.” 


VoL., 1934. 


Page. Line. 
1090 Fig. 2 The vertical broken line should descend to the vapour pressure 7°5 mm., not to 


6°5 mm. as shown. 

1427 26 for “‘ B-3 : 4-dimethoxyphenyl-a-methylcrotonate’’ read ‘“‘ B-3 : 4-dimethoxyphenyl-a- 
methylacrylate.”’ 

1858 for “‘ necessary "’ read “‘ accessory.” 

2021 for “‘ Abbott” read ‘* Abbot.” 

2028 ”” ” ” ” 


VOL., 1935. 


(legend II of Fig. 3) for ‘‘ nitroamine”’ read “‘ nitrosoamine.” 
5* 


for ‘‘ B-3-Methoxy-4-ethoxyphenyl-a-methylcrotonic acid” read “ B-3-Methoxy-4- 
ethoxyphenyl-a-methylacrylic acid.” 
25 ” ” ”” ” ” ” ” 
16 delete ‘‘ containing the hydroxyl group attached to the asymmetric carbon atom.” 
8 for ‘‘ the bromide” read “ triethylsulphonium bromide.” 
for ‘2: 3-Dihydroxy-1:4-naphthaquinone (isonaphthazarin)” read “ 5: 8-Di- 
hydroxy-1 : 4-naphthaquinone (naphthazarin).’’ 
for “ purified ” read ‘‘ dissolved.” 
for “ C, 59°9” read “ C, 65°9.” 
for “‘ the bromide” read ‘‘ potassium bromide.” 
for ‘‘ a-nitrite’’ read ‘‘ a-di(methylamino)-nitrite.” 
delete ‘‘ of Magnus’s salt.” 
NH, NH, 


for Br vead Br 


No, 





* From bottom. 





List of Physico-chemical Symbols. 


List of Physico-chemical Symbols adopted by the Chemical Society.* © 
[See J.C.S., 1921, 119, 502—512.] 


1, Mathematical Symbols. 


Usual Alternative 
symbol. symbol, 
e 


Base of natural (Napierian) logarithms 
Diameter 

Radius 

Ratio of circumference to diameter 
Summation 

Variation 

Total differential 

Partial differential 








CTROMARA 


Acceleration due to gravity 

Mechanical equivalent of heat 

Avogadro’s constant [number of molecules in 1 gram-mole- 
cule (mole)] 

Gas constant per mole 

Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion) 

Charge on an electron 





Density (mass per unit volume) 

Pressure 

Concentration 

Mole fraction 

Critical constants: pressure, volume, temperature (centi- 
grade), temperature (absolute), density 

Reduced quantities : pressure, volume, temperature, density 

van der Waals’ constants 

Fluidity 

Viscosity 

Surface tension 

Diffusion coefficient 

Atomic weight 

Molecular weight 

Velocity coefficient of reaction 

Equilibrium constant 

van ’t Hoff coefficient 


>> 
£s 
vs 
ms 
a 


& 
o 


Apres e 








x 
a sfix 
wn 


4. Heat and Thermodynamics 


Temperature (eeeiete) coccsesccccescocceonscncoonesesesosees covecee 


Temperature (absolute) 
Critical temperature 
Reduced temperature 
* This list will shortly be extensively revised. 





List of Physico-chemical Symbols. 


4. Heat and Thermodynamics—(continued), 


Critical solution temperature 

Quantity of heat 

Entropy 

Specific heat 

Specific heat at constant pressure 

Specific heat at constant volume 

Ratio of specific heats, c, : c, 

Molecular heat 

Molecular heat at constant pressure 
Molecular heat at constant volume 

Latemt Dent Per BIAMR ~ cccccvesccsccoccecscnccscccccoccvecccoooeseseses 
Latent heat per mole 

Maximum work (diminution of free energy) 


5. Optics. 


Wave-length of light 

Refractive index 

Specific refractive power (Gladstone and Dale) 
Specific refractive power (Lorentz and Lorenz) 


Molecular refractive power 


Angle of optical rotation 
Specific rotatory power 
Molecular rotatory power 
Specific magnetic rotation 
Molecular magnetic rotation 


Quantity of electricity 

Current intensity 

Resistance 

Electromotive force 

Electrode potential, or discharge potential of an ion 

Electrode potential referred to the normal hydrogen or 
normal calomel electrode respectively, the potential of 
which is taken as zero 

Normal potential, i.e., the electrode potential referred to the 
normal hydrogen or normal calomel electrode respec- 
tively, when the solution is molecular-normal in respect 
of all participating substances and ions of variable con- 
centration 

Dielectric constant 

Conductivity (specific conductance) 

Equivalent conductivity 

Equivalent conductivity at different dilutions—volumes in 
litres containing 1 gram-equivalent 

Equivalent conductivity of cation and of anion 

Equivalent conductivity of specified ions 

Molecular conductivity 

Velocity of cation and of anion in cm./sec. when the poten- 
tial gradient is 1 Volt per CM. .......cecceeeeeeeeeceeeeeeeeeees 

Transport number of cation and of anion 

Magnetic permeability 

Magnetic susceptibility 
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List of Symbols, Arranged Alphabetically. 


Name of quantity. - 


Atomic weight; maximum work. 

Van der Waals’ constant. 

Van der Waals’ constant. 

Concentration; molecular heat. 

Concentration; specific heat. 

Molecular heat at constant pressure, and at constant volume, 

Specific heat at constant pressure, and at constant volume, 

Alternative symbol for density. 

Diameter; total differential; density. 

Critical density. 

Reduced density. 

Electromotive force; electrode potential. 

Base of Napierian logarithms; charge on an electron. 

Electrode potential referred to the normal hydrogen or the normal calomel 
electrode, respectively, the potential of which is taken as zero. 

Normal potential, that is, the electrode potential referred to the normal 
hydrogen or the normal calomel electrode respectively, when the solution 
is molecular-normal in respect of all participating substances and ions 
of variable concentration. 

Faraday’s constant (number of coulombs per gram-equivalent of an ion), 

Acceleration due to gravity. 

Height. 

Current. 

Van ’t Hoff coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and partial pressures 
respectively are employed. 

Velocity coefficient of reaction. 

Latent heat per mole. 

Length; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

Molecular magnetic rotatory power. 

Mass 


Avogadro’s constant (Loschmidt’s number) or number of molecules in 1 
gram-molecule. 

Refractive index. 

Transport number of cation and of anion. 

Refractive index (alternative symbol). 

Pressure. 

Pressure. 

Critical pressure : reduced pressure. 

Quantity of heat; quantity of electricity. 

Gas constant per mole; electrical resistance. 

Molecular refractive power, according to Gladstone and Dale, and to Lorentz 
and Lorenz respectively. 

Radius. 

Specific refractive power according to Gladstone and Dale, and to Lorentz 
and Lorenz respectively. 

Entropy. 

Absolute temperature. 

Critical temperature (on the absolute scale). 

Reduced temperature (absolute). 

Critical solution temperature (absolute). 

Time; temperature (centigrade). 

Critical temperature (centigrade). 

Critical solution temperature (centigrade). 

Reduced temperature (centigrade). ’ . : 

Velocity of cation and of anion in cm./sec. when the potential gradient is 
1 volt per cm. 

Volume. 

Volume, 

Critical volume ; reduced volume. 
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List of Symbols, Arranged Alphabetically—(continued). 


Name of quantity. 

Electrical resistance (alternative symbol). 

Mole fraction. 

Degree of dissociation (electrolytic, thermal, etc.); angle of optical rotation. 

Specific rotatory power. 

Surface tension; ratio of specific heats. 

Diffusion coefficient. 

Variation. 

Partial differential. 

Electrode potential (alternative symbol); dielectric constant. 

Electrode potential referred to the normal hydrogen or the normal calomel 
st respectively, the potential of which is taken as zero {alternative 
symbols). 

Normal potential, that is, the electrode potential referred to the normal 
hydrogen or the normal calomel electrode respectively, when the solution 
is molecular-normal in respect of all participating substances and ions of 
variable concentration (alternative symbols). 

Viscosity. 

Temperature (centigrade), (alternative symbol). 

Specific conductance (conductivity); magnetic susceptibility. 

Equivalent conductivity. 

Equivalent conductivity at different dilutions (volumes in litres containing 
1 gram-equivalent). 

Equivalent conductivity of cation and of anion, 

Wave-length of light. 

Molecular conductivity; magnetic permeability. 

Ratio of circumference to diameter. 

Summation. 

Surface tension (alternative symbol). 

Fluidity. 

Specific magnetic rotation. 
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